S0O9P0963 REPRODUCING DEVICE AND REPRODUCING METHOD
BACKGROUND OF THE INVENTION 1. Field of the Invention  The
present invention relates to a reproducing device for performing
reproduction from a hologram recording medium in which data is recdrde
with interference fringes between reference light and signal light, and the
method thereof. 2. Description of the Related Art For example, such
as disclosed in Japanese Unexamined Patent Application Publication No.
2006-107, n exami R icafi lication
No. 2007 TS50 (ot Brologra ooring Pebiodions haifod
wherein recording of data is performed with the interference fridges
between signal light and reference light, and the data recorded with the
BACHitBfErence Fridges iSNéphotilesd by irradiation of the reference light. As
for the hologram recording/reproducing method, there is a so-called
L. chagiaPniethodhéreiis recording is performed by disposing the signal
ight and the reference ight on the same axis, Recording Employing. . .
Phase Mask "Figs. 6 ,‘%;53\, and 652 re Wagrams%or escrib ng a
forh@5£ﬁ@@ﬁf@%“@@¥%%&%@%qB%I%Q%mgQ?h%b@@@@ﬁﬂﬂ%ﬁ%%ﬁQﬁ%ﬁé mediumn
method, wherein Fig. 64 illustrates a recording technique, and Figs. 65A
in wntl6éb2ilustrate areprodimingyith interference fringes betwsen
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reference light and signal 1ight, and the method thereof.
2. Descripticon of the Related Art

For example, such as disclosed in Japanese Unexamined
Patent Application Publication No. 2006-1076¢63, and Japanese
Unexamined Patent Application Publication No. 2007-79438,
there 1s a hologram recording/reproducing method wherein
recording of data is performed with the interiference fridges
between signal light and reference light, and the data
recorded with the interference fridges is reprcduced by
irradiation of the reference light. As for the hologram
recording/reproducing methoed, there is a so-called ceoaxial
method wherein recording i1s performed by dispesing the
signal light and the reference light on the same axis.
Recording Employing Phase Mask

Figs. 64, 6527, and 65B are diagrams for describing &
hologram recording/reproducing technicue by employing the
coaxial method, wherein Fig. 64 illustrates a recording

technique, and Figs. 65A and 65B illustrate a reproducing



SO9P0963 technique. First, in Fig. 64, at the time of recording,
incident light from a light source is subjected to spatial light intensity
modulation (hereafter, also simply referred to as intensity modulation) at
an SLM (spatial light module-or) 101, thereby generating signal Iighlsé?ngoPO
reference light disposed on the same axis. The SLM 101 is configured of,
for example, a liquid crystal panel or the like. At this time, the light
signal is generated by subjecting the incident light to intensity modulation
tecﬁgg%rlgén_g to recorded data in pixel increments. Also, the reference light is
generated by subjecting the incident light to intensity modulation
aceording tq a predeterminedpatiesn.. 1 m&he sighalk-light angd referenge n«
light thus generated at the SLM 101 are subjected to spatial phase
1igmodidatioreby agitase snaskel02: As:shewr #rtheadrawiny;, accardihg to
. the phase mask 102, a random phase pattern is provided to the signal
lnteﬁ@ﬁtl,%ﬁd%ﬁféﬂ%@rﬁ%e@ﬁﬁ%ﬁ&ﬁemﬁéé}mﬁﬁ@&béfo?@ﬁ&ﬁ&%d to as

... brovided to the reference light. reason why the reference light is.
10 B ertod 1 prdce rodlaton s, 5 Hobevt i apoose URSxamig
101 PatertApplication. Publication;Ne,-2006: 107663, to enablenultiplexyh+
recording to a hologram recording medium. Description will be made here
disforscahfiomatibr Wereina809P0988e S1M 101 is configured of,
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for example, a liguld crystal panel or the like.

At this time, the light signal is generated by
subjecting the incident light to intensity modulation
according to recorded data in pixel increments. Also, the
reference light is generated by subjecting the incident
light to intensity modulation according to a predetermined
pattern.

The signal light and reference light thus generated at
the SIM 101 are subjected tc spatial phase modulation by a
phase mask 102Z. As shown in the drawing, according to the
phase mask 102, a random phase pattern is provided to the
sigrnal light, and a predetermined phase pattern determined
beforehand is provided to the reference light.

The reason why the reference light is subijected to
rhase modulation is, as disclesed in Japanese Unexamined
Patent Application Publication No. 2006-107663, to enable
multiplex recording to a hologram recording medium.

Description will be made here for confirmation wherein



multiplex recording is to perform recording so as to overlap hologram
pages (increments capable of recording at a time by interference fringes
between signal light and reference light), for example, such as shown in
Fig. 66.  With the hologram recording/reproducing method, a holoﬁi%agl"ﬁo963
page (data) recorded by employing reference light having a certain phase
configuration can be read out only by radiating reference light having the
same phase configuration at the time of reproduction. This point is utilized,
- I.e., multiplex recording.of data is performed by employing reference light
muL fE0 LS, Giferant Bhasé ConfigBialion At tHetib o1 Fecording each, ther =129
holdeferencedight aceording o 4 different:phase eopfiguration is selegtivelye 1y
irradiated at the time of reproducing each, whereby each data of which the
intewtliptex tecofdingawas perforared earyhe selectively xead odtf = rAlse,
the reason why a random phase modulation pattern is provided to the
11gkfghal light i€ o Maprove e intéferehee efficierfcybet®éen the signal

Iig\ﬂt %Ed {%fgrenngeoli lpﬁ_gl,mand rgggé% giﬁ‘ ggeonr%f Cy]e s gctrguq:whof the signal
lig t there ysup"ﬁr sing bE compo nts o reaiize igh reeco?d:fr‘lga

ho19ERSHY- 5o RS f%&%ha%@QQH@OB%Pa&%m% to,the,signaldight, for 4y«

example, a‘random pattern according to a binary of "0" or "IT" is set.
hav Speciicaky; eerandohephase- SOIR0IG3 modulatiop patterntisset only by
wherein pixels not to be subjected to phase modulation (i.e., phase = 0)
1rrafd pikels to Bé picditsted By (180Vdegree8)RalbaBardséssuch that the

con TR OLLE OIMEL RER AN LN MO S R ANSS SIS I 1 s
utilized, i.e., multiplex recording cof data is performed by
emplioying reference light having a different phase
configuration at the time of recording each, the reference
light according to a different phase configuration is
selectively irradiated at the time of reproducing each,
whereby each data c¢f which the multiplex reccrding was
performed can be selectively read ocut.

Alsc, the reason why & random phase modulation pattern
is provided to the signal light is to improve the
interference efficiency between the signal light and
reference light, and realize diffusion ¢f the spectrum of
the signal light, thereby suppressing DC components to
realize high recording density.

As for a phase modulation pattern as to the signal

light, for example, a random pattern according to a binary

of "0" or "m" is set. Specifically, a random phase



Here, according to the Intensity modulation by the SLM 101, light of which

the intensity was modulated to "0" or "1" according to recorded data is
generated as signal light. Such signal light is subjected to phase

modulation according to "0" or "7c", thereby generating light having EPPE0963
"0", or "1 (+1)" as the wavefront thereof, respectively. Specifically, when
modulation according to phase "0" is provided to a pixel of which the light
intensity is modulated to "1", the amplitude thereof is "1", and when

odulation according 1o phase "n" is provided, the amplitude thereof.is
O L AL o rEard e AT ST Ch tHe Jofe Hteait s SO v

to pRpltudetherenfiskeptitoc0” ag i either modulation of.a phase "@'zor
modulation of a phase "n". Figs. 67A and 675 illustrate the difference
modregardmgtsigral lightand geferencedight in thescasetof mogrhaseamask e
102 being provided (Fig. 67A) and in the case of the phase mask 102
numBgihgProvided (Righe7 5y for coRfifhation Note st inFigs 'e7 A ahd 675,
ixgle magnit %reslgtria%n of the amplitude of light according to color density
PS8 0963 represented. Specifically, in Fig. 67A, black -* white is

represented-by amplitnde 0t ne" 11 rand i kig. 648 black gray,* whiteds
represented by amplitude "-1" -+ "0" -* "1 (+1)". Signal light is

101 generated offwhichthe tiatensityisrmaodulatedsaccotdihg te tecordéd datar
Therefore, intensities (amplitudes) "0" and "1" are not necessarily

"1 dfspesed randormlyr 8R@ e8Rse ety Iscdiftehte gt A BE cohiibhent ight -

SucE”EQ%%Ql light is subjected to phase modulation according

to "0" or "a", thereby generating light having "-1", 0", or
"l (+1)" as the wavefront therecf, respectively.
Specifically, when modulation according to phase "0" is
provided to a pixel of which the light intensity is
modulated to "1", the amplitude thereof is "1", and whsan
modulaticon according to phase "na" is provided, the amplitude
thereof is "-1". ©Note that, with regard to a pixel of which
the light intensity is "0", the amplitude thereof is kept to
"J" as to either modulation of a phase "0" or modulation of
a phase "xw".

Figs. 67A and €7B illustrate the difference regarding
signal light and reference light in the case of no phase
mask 102 being provided (Fig. 67A) and in the case of the
phase mask 102 being provided (Fig. 67B) for confirmation.
Note that, in Figs. 67A and ¢7B, the magrnitude relation of

the amplitude of light according to color density is



The above-mentioned phase pattern by the phase mask 102 is set to a
random pattern. Thus, pixels of which the light intensity is "1" within the

signal light output from the SLM 101 are arranged so as to be divided to
amplitudes "1" and "-1" randomly (half-and-half). Thus, the pixels argV?p0963
divided to amplitudes "1" and "-1" randomly, spectrums can be distributed
evenly on a Fourier plane (frequency plane: this case can be conceived as

an image on a medium), and thus, suppression of a DC component within

reprSiegsneal in%h&_pansbe;e%eay%%da.ll Tht:ﬂ% ISy _pr%s&{on igiac[?((; Eaeomw%onceé]t ;19.];
S|gnali1 ight is realize ,|mprové/rhent of d arecording gensny can be

repfedlizedeq A /DEgOMponant egeurs,in-signaldight, andithys, arecorging
material reacts greatly to the DC component thereof, and accordingly,

— gnalfiptex recotding suckasshonwn: $QOP0CO63lintRigis66'falls te-he' 0" — "1
performed. This is because more data is prevented from multiplex

(+1 )ré'cording as to a portion where a DC component is recorded.

Suppression of a DC component is realized with such a random phase
ol e Enating SATGOGS focth 3T el B> Aeatze Py =

mod feeerdmg:density.; .o Returningfothe d@§€@“°ﬂz‘%@ﬂ@f the:signal "9ht
and reference light subjected to the above-mentioned phase modulation

intdythe phase angskit0Riare) bdth ‘toadensdd’by an objective dertss3@3, land

are irradiated on a hologram recording medium HM. Thus, interference
dism@ﬁﬁ% randomly, and conseguently, occurrence of a DC
component is promoted.

The above-mentioned phase pattern by the phase mask 102
is set to a random pattern. Thus, pixels of which the light
intensity is "1" within the signal light output from the SLM
101 are arranged so as to be divided to amplitudes ™17 and
"-1" randomly (half-and-half). Thus, the pixels are divided
to amplitudes "17 and "-1" randomly, spectrums can be
distributed evenly on a Fourier plane (frequency plane: this
case can be conceived as an image on a medium), and thus,
suppression of a DC component within signal light can be
realized.

Thus, if suppression of a DC component of signal light
is realized, improvement of data reccrding density can be
realized.

A DC component cccurs in signal light, and thus, a

reccerding material reacts greatly to the DC component

thereof, and accordingly, multiplex recording such as shown



(diffraction gratings, i.e., hologram) according to the signal light (recorded
image) are formed on the hologram recording medium HM. That is to say,
recording of data is performed with formation of the interference fringes
thereof.  Subsequently, at the time of reproduction, first, as showrPin?FC 263
Fig. 65A, reference light is generated with the spatial light modulation
(intensity modulation) of the SLM 101 as to incident light. Subsequently,
according to the spatial light phase modulation by the phase mask 102,

, e same predetermined phase pattern as atégie time qf recording is given_
i (T ierbAce TGS GEREre i Fio o, (1 dEbee ynenibveg cot2

15 fefetencedightsubjected:to.the phase modulationby- the;phase-mask 102 -

is irradiated on the hologram recording medium HM through the

a DSQARQ963-ohjedtiverlens 183 .

Suppression of a DC component is realized with such a
random phase pattern, thereby enabling multiplex recording
of data to realize high recording density.

Returning to the description above, the signal light
and reference light subjected to the above-mentioned phase
modulation by the phase mask 102 are both condensed by an
objective lens 103, and are irradiated on a holocgram
recording medium HM. Thus, interference fringes
(diffraction gratings, i.e., hologram; according to the
signal light (recorded image) are formed on the hologram
recording medium HM. That is to say, recording of data is
performed with formation of the interference fringes thereof.

Subseguently, at the time of reproduction, first, as
shown in Filg. 657, reference light 1s generated with the
spatial light modulaticn (intensity modulation) of the SLM
101 a&s to incident light. Subseguently, according to the
spatial light phase modulation by the phase mask 102, the
same predetermined phase pattern as at the time ©f recording
is given to the reference light thus gsnerated.

In Fig. 65A, the above-mentioned reference light
subjected to the phase modulation by the phase mask 102 is

irradiated on the hologram recording medium HM through the



At this time, as described above, the same phase pa, tern as at the time of
recording is provided to the reference light. Such reference light is
irradiated on the hologram recording medium HM, as shown in Fig. 653,
thereby obtaining diffracted light according to the recorded hologran® & 63
consequently, the diffracted light thereof is output as the reflected light
from the hologram recording medium HM. That is to say, a reproduced
image (reproduced light) according to the recorded data is obtained.
- Sygseguinty, t eoéeproduced image thus obtained is received at an
© j?m‘aég Sensor 104, Tor example, such as a COD (Charge Coupled Device)

sepsor, MO, (Complementary Metal Oxide.Semicondygtor) sensor, or
the like, and reproduction of the recorded data is performed based on the
patteception signaliof thel magersensos 104:thereef Apertuied +Howhavith
the above-mentioned hologram recording/reproducing technique,
re L gy ppressioh®@ia DCEEMpaitertt ot Bigmal ight bythe Phase MaskK102 st e
realized at the time of recarding, thereby realizing. high ,recorg'énéq densitg.
T

70~ Sich'a techiffigue EpIGying T Phass niask 1o2 &ctieves figh recording”™
ot density.ata plane wheremyltiplex regording,of.a hologram page.can be

performed. On the other hand, heretofore, a‘technique for SO9P0963

hologram, and conseguently, the diffracted light therecf is
output as the reflected light from the hologram recording
medium HM. That is to say, a reproduced image (reproduced
light) according to the recorded data is obtained.

Subsequently, the reproduced image thus obtained is
received at an image sensor 104, for example, such as a CCD
{Charge Coupled Device} sensor, CMCS (Complementary Metal
Oxide Semiconductor) senscr, or the like, and reproduction
of the recorded data is performed based on the reception
signal of the image sensor 104 thereof.
Aperture

Now, with the above-mentioned hologram
recording/reproducing technigue, suppression of a DC
compenent of signal light by the phase mask 102 is realized
at the time of recording, thereby realizing high recording
density. Such a technigque employing the phase mask 102
achieves high recording density at a plane where multiplex
recording of a hologram page can be performed.

On the other hand, heretofore, a technique for



realizing reduction in the size of a hologram page has been proposed as
another approach for achieving high recording density. Specifically, as
shown in Fig. 68, an aperture 105 is provided so as to input the signal light
(and reference light) irradiated on the hologram recording medium HW aF©°63
the time of recording, and the aperture 105 allows only light of a
predetermined range from the optical axis center of the signal light to be
transmitted. The aperture 105 is provided in a position serving as the
bove-mentioned Fourier plane (i.e., the same frequency plane as the
e e S hologr e BB 28 6 e B e ol e
profhessize of ahglogram pags to.be recorded ondhe holagram recording, o
medium HM can be realized by the aperture 105 provided on the Fourier
denplane, and consequently, high recording density at the plane of reduction
in the occupied area of each hologram page on the medium can be
achigved ! LcaNstethat i fiie'dase ofdiplofihg the abeveiméftioned s
technigue for realizing high recording density by employing the aperture
P01 0B a fie (FAnsHisSIOR region athe APeriaret 105 [ Rardvid, TEHidton
11 gitthe;size gf @ holpgrampage.can,be realized .and agcordingly, further, e
high recording density is realized. However, the transmission region is
t imthustnareowed which is eéquivialenttornarrewing @ passage SOOP0O63ht of
band regarding the spatial frequency of incident light (image). Specifically,
2 PheYReé ransmissicrrsgiorf sHarfdWwedonly-édmpenentsoraer of the
. _low-frequency band are allowed to be pagsed through, and._accordingly,
5199 raréission regiont6aHas a6 & so-caled IBREask el 00 ~°
proPEiRNIRAtion oLRiXel Basilan-ANONer-SAMRING v INGHanial, with
the above-mentioned hologram recdrding/reproducing system, in order to
Fourepreduce fdataaf.Gand dHacluded irradwglogtam pageeorsectiyhthe
correspondence relationship of the position of each data pixel (each pixel
reCof fiRESENIRIGL) Serving as ecdalimiterf oné data bit¢ofredpoiiding to

which position within gn ima%e sigpal oRtained at the image sensor 104
haSd e fhafig ™ the siZé of a hologram page to be recorded

on the hologram recording medium HM can be realized by the
aperture 105 provided on the Fourier plane, and conseguently,
high recording density at the plane of reduction in the
occupied area of each hologram page on the medium can be
achieved.

Note that, in the case of employing the above-mentioned
ftechnique for realiizing high recording density by employing
the aperture 105, as the tTransmission region at the aperture
105 is narrowed, reduction in the size of a hologram page
can be realized, and accordingly, further high reccrding
density is realized. However, the transmission region is

thus narrowed, which is eguivalent to narrowing a passage



At this time, if the optics are adjusted such that each pixel of the SLM 101
(data pixel) strictly corresponds to each pixel of the image sensor 104
(detector pixel) one-on-one, processing for identifying the correspondence
relationship can be eliminated. Specifically, thus, in a state in which 8p#iéa} 963
pixel matching is realized strictly, it becomes self-evident whether or not
an image received at a certain pixel of the image sensor 104 is an image
recorded through which pixel of the SLM 101, and accordingly, processing
for identifying the correspondence relationship does not have tq be
a0 e KRG I Bartdtiar Howaver. T RaTy 1 15 extamery dificut &h
(:mSQIP0963impragtical (g, realize sfrict pixel matching, Thergfore, ;5
héeretofore, based on the premise of no strict optical pixel matching being
nar takesd signal processing dorridentifyingleachrdata pixet position frone a
readout signal by the image sensor 104 has been performed. In the
alledsel of Ao BEict pbet thatehing beingetake A dfradiation ¢ peffdrmeda state
in which a data pixel deviates from a detector %ixel. At this time, in a case

=2 {Hbrs & 'ratio ACEOTding (o the MTTbET of Uata pikers : (e Tefber of - ToF -
pe detectorpixels is- 11, resolution as o the deviation.of the data pixel to the

detector pixel such as described above is one time, and accordingly,
deviadibndn tncremenis efless thaia pixeh fails 10 hedandled; Therefore,
with identifying processing of a data pixel position’, for example, such as
recghewhdn Figh 169 tvel RUMBEE EpPixelsiand dptical By sty ofitheeSENMTEY 10 £
and jmage sensor 104 are adjusted such that the image of one pixel worth

Y *Bfte SCMTOTTS réteitied at A pikels (7 9°1) Tithe inhge sefiSor 104,
cor HEBAIeChRIgue JoL periorming sampling of g reproduced image sych

that'the image of one pixel worth of the SLM 101 Is received at n pixels
pixaortheefdheimage sepsemkO4isicalled oveesampling.s a delimiter of
one data bit corresponding to which position within an image
signal obtained at the image sensor 104 has to be found.

At this time, 1f the optics are adijusted such that each
pixel of the 3LM 101 {(data pixel) strictly corresponds to
each pixel of the image sensor 104 {detector pixel) one-on-
one, processing for identifying the correspondence
relationship can be eliminated. Specifically, thus, in a
state in which optical pixel matching is realized strictly,
it becomes self-evident whether or not an image received at
a certain pixel of the image sensor 104 is an image recorded
through which pixel of the SLM 101, and accordingly,
processing for identifying the correspondence relationship
does not have to be performed in particular.

However, in reality, it is extremely difficult and



Note that Fig. 69 exemplifies a case where the image of one pixel worth of
the SLM 101 is received at four pixels SO9P0963 worth (2 x 2) on the
image sensor 104, and the over-sampling rate is double, but of course,
the over-sampling rate is not restricted to this. A specific examplewHF 0263
be described of an identifying method of a data pixel position according to
the related art. First, in order to perform identifying of a data pixel position,
a predetermined data pattern called a sync Is inserted into a hologram
. page (signal light) at the time of recording Eoeforehan,d. Fig. 70
10 Sl AfBb at InSERBh GaMIS b byRce-ito AT IGH, Thel BXERERR
he r Eig; 70,ilustiates a case where synes illustrated with putling sguate marks. ,
in the drawing are inserted such that a predetermined interval is provided
mat bpihig the vegticad aee hogzemtal directionss i nd hedasertien posHion ®f each
each sync is determined with a recorded format beforehand. The entire
dat gatalareay withincsighaldighringluding thetingerion pdsitiohs of e sbove-
mentioned syncs is determined according to a recorded format.

Sen¥phcitically e s POSiigit6f each sync such as shown in Fig. 70,
e pumper of pixel(the UMber of At Xk 9.9 NSBHRlly caxen,

therebetween, and so forth are determined with a recorded format
irrbeforeRand.is performed in a state in which a data pixel
deviates from a detector pixel. At this time, in a case
where a ratio according to the number of data pixels : the
number of detector pixels 1s 1:1, resclution as to the
deviation of the data pixel to the detector pixel such as
described above is one time, and accordingly, deviation in
increments of less than a pixel fails to be handled.
Therefore, with identifying processing of a data pixel
position, for example, such as shown in Fig. 69, the number
of pixels, and optical system of the SLM 101 and image
sensor 104 are adjusted such that the image of one pixel
worth of the SLM 101 is received at n pixels (n > 1) on the
image sengor 104.

Such a technigue for performing sampling cf a
reproduced image such that the image of one pixel worth of
the SLM 101 is recelived at n pixels worth of the image
sensor 104 is called over-sampling.

Note that Fig. €9 exemplifies a case where the image of

one pixel worth of the SLM 101 is received at four pixels



From this perspective, if the insertion position of each sync can be

identified from the image read out by the image sensor 104 at the time of
reproduction, the position SO9P0963 of each data pixel can be estimated

in accordance with the information of a recorded format.  SpecificallyFC 263
as for processing at the time of reproduction, first, search of the insertion
position of a sync is performed from the image read out by the image

sensor 104. That is to say, the position where the above-mentioned

edetermiped data pattern has been obtained as syncs (the position of a |
w0 B hetor s 1L Gfithe TRAGE Ted Stn By e oG SarehF 103172
ra+ Subsequently. upan the insertion positions of sypcs bieing:identified, the, ¢
position of each data pixel is identified in accordance with thé information
resotadecarded farmat., For example, according to a recorded format, the
distance from a identified sync to a data pixel to be processed (by how
manyepixelsithe pixeisateseparated canderfobnd, aid accordimghyi Tying
based gn the information thereof, identifying of each data pixel position is

"< Befofined frofh the THforatioh of & tentified Syne Bosition. = Sacr ~=o =7
v - Llentiting pracessing, of 2:dath pixel position s pedormed whreby the

position of each data pixel within the readout image can be
pos comprehended-appreprately-eventn aease=wheresaptical pixelmatching

has not been performed. Amplitude Value Calculation by Linear

insenépolatione aAlse! wdtharhslegeant secordinglreproduciiy dévicg ime of
e gg%%rggn%tg ftgg églg}t%du art, after identifying of a data

Fig. 70 illustrates an insertion example of syncs into
signal light. The example in Fig. 70 illustrates a case
where syncs illustrated with outline sguare marks in the
drawing are inserted such that a predetermined interval is
provided both in the vertical and horizontal directions.

The inserticn position of each sync is determined with
a recorded format beforehand. The entire data array within
signal light including the insertion positions of the above-
mentioned syncs 1s determined according to a recorded format.
Specifically, the insertion position of each sync such as
shown in Fig. 70, the number of pixels (the number of data
pixels) Lo be inserted therebetween, and so forth are
determined with a recorded format beforehand.

From this perspective, if the insertion position of

each sync can be identified from the image read out by the

image sensor 104 at the time of reproducticon, the position



S0O9P0963 pixel position as described above is performed, the amplitude
value at the identified data pixel position is also calculated by linear
interpolation employing amplitude values around the identified data pixel
position. In general, with the reproducing system of a data storage) 220963
system, interference between codes (interference between pixels with
hologram recording) can be deemed as the linear superposition of the

same signal properties. Accordingly, from the perspective of this premise,

the mplitude value of eacgﬁ djacent data pixel can be deemed to have
Brideraimifiod g reftiRhpS - -"Eihehr erpBtbH Brocessing: £he

l?’ngg{IfQirtl:E%q} hete is g}gggsﬁs&%gifog%mmg the amplitude value of a data

pixel to be processed from surrounding amplitude values on the premise

of spelt lifeardy.. Sampling dhepreth e s s Incidentalty, withirggargto the

hologram recording/reproducing method described so far, the operation of
repfdieproduving systém thesotlis, s ¢drealse berunderstood wWithon of a

reference tq Fig. 65A generally equivalent to each pixel of the image

SY" Gengor oA SAmiiing (digitat SEmpliAg the il Coniniots gﬁﬁ‘&le
sen(3219g gignal) serving as a reprodyced Oﬂﬁftloﬁ%ﬁ%%%g 9,the Lgbaye-

Nyquist sampling theorem, the orlglnal continuous signal is samp
men@iclegkhavirgiathigh€ined data pattern has been obtained as
syncs {(the position of a detector pixel) 1s identified of
the image read out by the image sensor 104.

Subsequently, upcn the insertion peositicns of syncs
being identified, the position of each data pixel is
identified in accordance with the information of a recorded
format. For example, according to a recorded format, the
distance from a identified sync to a data pixel to be
processedl(by how many pixels the pixels are separated) can
be found, and accordingly, based on the information thereof,
identifying of each data pixel position is performed from
the information of a identified sync position.

Such identifying processing of a data pixel position is
performed, whereby the position of each data pixel within
the readout image can be comprehended appropriately even in
a case where optical pixel matching has not been performed.

Amplitude Value Calculation by Linear Interpolation

Alsc, with a hologram recording/reproducing device

accerding to the related art, after identifving of a datsa



S0O9P0963 frequency than double of the highest frequency included

therein to digitize this (digital data), whereby the original analog signal can

be restored accurately from the digital data through an appropriate LPF

(Low Pass Filter).  In the case of the hologram recording/reprodu&R§FC 263
system, the highest frequency of the original readout signal is determined

with an aperture size (the size of the transmission region of the aperture

105 shown in Fig. 68). Specifically, one-half of the aperture size becomes

. the highest frequency. On the other hand, s ling f i
D L3S i GAth Hie 696F-SAMBling LS T HereRFa. Secbring 16 the

amp NYAYIE! Sampling thearem, [nyihe-event thaf the oyet:sampling ratg,is ;

greater than the aperture size, the original signal (i.e., reproduced image)
alscandesestored. Thatis ta=say, withethediolagram eeeerdingieprodpcingude

system, conceptually, the relation between the over-sampling rate and
valapertarosing shbeldiseeoverisamplifg-rate > Hperiofé sizé°SUMMARY

OF THE INVENTION_ . However, the hologram recording/reproducing

systerfl ia€ Ton-lingarity inthat theTiffornation oF faritinténsity 4fd phase
sto§$8£es;$§9@§9 as o the mmedia, byt the information. of light intepsity, ...

alone can be detected by the image sensor 104 at the time of
betfepredyetien. Specifically, desgHpliarcording) can be deemed as the
linear superposition cof the same signal properties.
Accordingly, from the perspective of this premise, the
amplitude value of each adjacent data pixel can be deemed to
have predetermined linear relationship.

Il.inear interpoclation processing performed here is
processing for obtaining the amplitude value of a data pixel
to be processed from surrounding amplitude values on the
premise of such linearity.

Sampling Theorem

Incidentally, with regard to the hologram
recording/reproducing method described so far, the operation
of the reproducing system thereof is, as can also be
understood with reference to Fig. 654, generally eguivalent
to each pixel of the image sensor 104 sampling (digital
sampling) the original continuous signal {(analog signal)
serving as a reproduced image.

According to the Nyquist sampling thecrem, the criginal

continuous signal is sampled with a c¢lock having & higher



SO9P0963 has been made regarding a point that amplitudes of three

values of "0", "+1", and "-1" (the combination of intensity of 1 and a phase

of n) can be recorded by the phase mask 102, with reference to Fig. 64

but as can also be understood from this point, the information of a pﬁ%sg 0963
can also be recorded in the hologram recording medium HM along with

the information of light intensity. On the other hand, the image sensor 104

can detect only the information of light intensity obtained by squaring the

freé@'&ﬁaﬁ the ampltyde; and,converting this into anabsalute value, From

the perspective of this point, the hologram recording/reproducing system
theaeqording t@ithe related-art hagqopslineariata) Figaetloand/d3

illustrate simulation results for describing such non-linearity. Each of Figs.
origiAandeTEsd ldsiratesabe campatisor sdsultsbarwean dve amnplittele ¢fhe

the readout signal to be obtained originally, calculated by emplo iggéﬂer)

1 95irdiaftt of e RaogFart PeCaraTgieproductiy systei, AAd th
amplitude ofa sionatta e repd autagluglivhy Ine mage sepsor 104. The

amplitude of the readout signal to be obtained originally has been
svsobtained, by integrating the signakinpytto.each-pixeh ofthe iwage sensekna 1

104 by the simulator according to the size of the pixel thereof without
is chasgnghke sighali Also,abe amplitudel efthé Signal 16 bevéad oait

actually by the image SO9P0963 , ,
transmissidon regicn of the aperture 105 shown in Fig. 68}.
Specifically, one-half of the aperture size becomes the
highest frequency. On the other hand, sampling freguency is
determined with the over-sampling rate.

Therefore, according to the Nyguist sampling thecrem,
in the event that the over-sampling rate is greater than the
aperture size, the original signal (i.e., reproduced image)
can be restored. That is to say, with the hologram
recording/reproducing system, conceptually, the relation

between the over-sampling rate and aperture size should be

over-sampling rate > aperture size.

SUMMARY OF THE INVENTION

However, the hologram recording/reproducing system has
non~linearity in that the information cf light intensity and
phase can be recorded as to the media, but the information
of light intensity alone can be detected by the image sensor

104 at the time of reproduction. Specifically, description
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sensor 104 has been obtained by calculating the square root of the results
obtained by squaring the signal input to the image sensor 104 and
integrating this according to the size of the pixel. In each drawing, the
amplitude of the readout signal to be obtained originally is taken as [%%9}?0963
horizontal axis, and the amplitude of the signal to be read out actually by
the image sensor 104 is taken as the vertical axis, and the relation
between both is illustrated by plotting. In the event that the vertical axis
Seryi tp j relationship té}f)itaxi i
e R Dot o hdoame e s St b Ao codatiagy e o8
valgererak sugh diagrams argcalled “diagrams fpdewingdineatityl ntensity
Note that, with the simulator in this case, one pixel of the SLM 101 is
of divided intorte:gd6Mbfocks, and also thesizedeftoneypikekofthe smagesk 102,
sensor 104 is set to the size of 8 x 8 blocks. That is to say, the

Wity &edfmpiiigrate iSd6unlé toverEamslintFst 2x 25, IRghistdges tood

- -Integration is. performed ming that only the region of 5 x 5 blocks at
O top Sotoh of e Sl ST e g senba ATh € Shid ThiaDe
rec6éendition has heensethased onthe-actual filk facter ofithe image $epgok e
104. Also, the aperture size has been set to 1.2 x 1.2 which is the Nyquist
inf aperdtrecsizeSQ9B8D0963 nt el showld benoteddhat; dth thersimulations

___in Figs. 71A through 722, intentional irradiation position shifting of a
IMagSHraflica intdde RASnSEHEST peftdimédierhust irthatcsre off 1ight

.. emplaying the over-sampling of 2 x 2 (i.e., over-sampling of an in al
it ) SREaAh o < S RadSies T ragoh 3 20 g

mu ala pixetI1s a a In aregion o pixe

and theimage sensor 104 (sams asthersiate in £ig.69) Alsorag capihe
understood from this, with the simulation in this case, the data pixel

per ppsition i fauhddieferghand tand aecordingly, 4he processing for position
identifying has not been performed. Fig. 71A illustrates a "diagram for

reCQISNiRG IRERRY T the €ads BF 8B FHASRAaSw 102 bbiy provieeirktie

has cg%%QE inlgleudriq no phase mask), and Fig. 712 illustrates a "diagram for
viewing ﬁnegnty' ih'the case of the phase mask 102 being provided (in the

case £ including the phase Mask). As-can b wnderstood- with-reference

to Fig. 71A, confirmation can be made that, even in the case of including
desmoiphiase mask; the negativesarhpiitudedineluded withrsthe7signalris 718
rectified, and thus, folding back occurs.  Also, in the case of including

ill@%?ﬁﬁﬁ%@nﬁﬁﬁiﬁ¢%EWQQ?@6nmﬂﬁﬁ%ﬁﬁxﬁﬁﬁ¥ﬁ%@eﬁﬂ@a@ﬁ@%ﬁEUde of
the r%%io%qu:erg the amplitude of tg oéqlgin[fl Si nal,o%)flrf horizantal axis

DASGRRS neyatUE has ho'THeaRt VAT Atdo: JH& folbting Fge. Y2AShdY
emp VISR s iyl ator of the hologram recording/reproducing
system, and the amplitude of a signal to be read out
actually by the image sensor 104. The amplitude of the
readout signal to be obtained criginally has been obtained
by integrating the signal input to each pixel of the image
sensor 104 by the simulator according to the size of the
pixel therecf without changing the signal. Also, the

amplitude of the signal to be read out actually by the image
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S0O9P0963 diagrams for viewing linearity in a case where the

over-sampling rate has been set to a rate other than an integral multiple,

and also amplitude value calculation by linear interpolation has been
performed. Fig. 72A illustrates the case of including no phase mask, and= 0263
Fig. 722 illustrates the case of including the phase mask. Fig. 72A

illustrates, with the horizontal axis as the amplitude value of 1 x 1 pixel
obtained by simply thinning out the results of over-sampling of 2 x 2

calculﬁt&j in Fig. 71A, argthIth thaéertlcal axis ag Hﬂe resiylts obtained jt:)got

Sen(:Saﬁ'(?::ulatlng aesarkﬁ%ﬁtﬁd% vafue '§ gtacr&)]i>l<glup03|t|orgtotbee prso%lééégeed

ot from the sesults ofipverssampling of1.33:x 1.33,by linearinterpalation, they, o

relations between both by plot points. Also, Fig. 722 illustrates, with
imatine hosizeotal agis amtheiamplitde vakierofilsx dquixeldbtained byrsémplyze
" thinning out the results of over-sampling of 2 x 2 calculated in Fig. 712,
of &h¢wrh#ad vertical axis as the results obtained by calculating the
amplitude value of a data pixel position to be [?roc ssed from the results of

over'sampling'6f 1 33% 1.33byAiNear mt€fpotation, the ftétiors betd/en =°
be BRIRDY-RIQE BOINLS; 141 i shouldha noteddhat, as,fescibed aboye,with .,

the simulation in this case, intentional irradiation position shifting of a

thereptgducagdmage hasnetikeen performed: and asgordinglyza valuewon e
~the horizontal axis can be handled SO9P0963 as the amplitude of a
imagignabwhar pixef maschiad #htaken sheh esshownlinakié trawing. the

relation between both 1s illustrated by plotting. In the
event that the vertical axls serving as output has linear
relationship as to the horizontal axis serving as input, the
plot therecf becomes a straight line, and accordingly, in
general, such diagrams are called "diagrams for viewing
linearity™.

Note that, with the simulator in this case, one pixel
of the SLM 101 is divided into 16 x 16 blocks, and also the
size of one pixel of the image sensor 104 is set to the size
cf 8 x 8 blocks. That 1s to say, the over-sampling rate is
double (over-sampling of 2 x 2). 1In this case, integration
is performed assuming that only the region of 5 x 5 blocks
at the center portion of one pixel of the image sensor 104
is valid. This condition has been set based on the actual
£fill factor of the image sensor 104. Alsc, the aperture
size has been set to 1.2 x 1.2 which is the Nyguist aperture

size.
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Note that Figs. 72A and 728 also illustrate results obtained by employing

the simulator employed in Figs. 71A and 718, but as described above,

with this simulator, the size of one pixel of the SLM 101 is taken as 16 x

16 blocks, and accordingly, if one pixel size of the image sensor 10458%8p 963

to 12 x 12 blocks, an over-sampling rate according to 16 / 121.33 times

can be set. In this case as well, a valid region within one pixel of the

- image sensor 104 is set to a region of 5 x 5 of the center portion. As

can pbe understood with reference to Figs. 72A and.728, in a case where

ther}(?vesrlijs%%ﬁginggerartleo%esdgt g %%tfalﬁv%tihvaﬁﬁg othar tHaH %ﬁfilrﬁeéélr, and:
712the-AmpliHde yaluesof adatapixel positigniiscalculated by Jiggacy; v 5 ng

interpolation, the mismatched level of the amplitudes of the vertical and
of horizontalAxesdi.e nioyenassofilineartyy becemesgreat.botirimthe caseche

of including no phase mask and in the case of including the phase mask.
casthe hisfalchvéelel 6ithe anfplinfievalies irfthecaselof o phaseorrask

in.Fig. 72A becomes considerahly great, but the mismatched level of the
o O e e Eato o NEARITG the BRage niask o Bl 733

acchegpmes exceedingly, great, which is a @rqb'ezn%@éi%agfa@i%' image

realization level. As these simulation results in Figs. 71A through 728

senSOOP0963 (Husirate,-a halogram recarding/repraducing sysiem accordinghe
to the related art has non-linearity. With a recording/reproducing system

undggesraing tonhe rélatedl arvithe above vhekticiedosarmplingtheorafds note
established approlj%riatel,y due to such a non-linearity problem. That is tc

A2t gay) With-a ¥ECordingepfoduditie systemiadconting 15 thefefasd de -
the S¥&R HAcONAINIoN.Of oversampling fale. > APEIYIe SIZe o+ peen
performed.

Fig. 71A illustrates a "diagram for viewing linearity"”
in the case of no phase mask 102 being provided (in the case
of including no phase mask}, and Fig. 71B illustrates a
"diagram for viewing linearity"™ in the case of the phase
mask 102 being provided (in the case of including the phase
'mask), As can be undersﬁood with reference to Fig. 71h,
confirmation can be made that, even in the case of including
no phase mask, the negative amplitude included within the
signal is rectified, and thus, folding back occurs.

Also, in the case of including the phase mask in Fig.
71B, confirmation can be made clearly that a region where
the amplitude of the original signal on the horizontal axis
becomes negative has no linearity at all.

Also, the following Figs. T72A and 72B i1llustrate
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IS set, reproduction of data fails to be performed appropriately in some

cases. Specifically, with a recording/reproducing systems according to

the related art, temporary reproduction performance sufficient for practical
realization can be secured with settings of the aperture size of arourkf290263
and over-sampling rate of around 2.0.  Here, as described above, with
regard to the aperture size, high recording density can be realized by

reducing the value thereof. Accordingly, from the perspective of this, it is
desirablefto reduce the aEerture si%e as small as possible. _However, it

dtaRzEBaeh dbterminiad that itls Aifficult to'teducs the dparireSize B e
samBROVR;Mentioned 2.Q.acless from the abavesmentigned pop-lingat v v a1

problem. That is to say, in the case of reducing the aperture size, the band
mu 1 imit widthaafdigh-fequepcy. camponentsds alsdemmangednang linear

S0O9P0963 distortion readily occurs as to the readout signal by the image
intespsoraADycthy theswsrdietharest: MHovasver, Wittba nbtlinéarlsystemtts the

becaomes extremely difficult to appropriately correct such distortion which

C2SGc&lred e 1 tHereRdott Sigfial"anid asH festithereof itHasBe&h tes
thedggeé@i@ %&E@QW@CUMQ r gg%%t%a%qgurtur_g?&zg t?z%} qu%%\% fates P

predetermined value, specifically the above-mentioned around 2.0.
witAlsg avithestichanrecordingkeprodusing-system, itbas peen feund that it is

difficult to reduce the over-sampling rate to at or below 2.0 due to such a
pixedstrstioniregdrditlg thaapertireisize. Thab s totday, aeeariding tofthever-
SampaE)iO\é%-rrg)efntié)ngdZsa(r:réplliggfggglgjerq,éhgyglyeﬁfpwea?g/gr-sgrtnﬁligge
vertical axis as the results obtained by calculating the
amplitude value of a data pixel position to be processed
from the results of over-sampling of 1.33 x 1.33 by linear
interpclation, the relations between both by plot peoints.

Also, Fig. 72B illustrates, with the hor;zontal axis as
the amplitude value of 1 x 1 pixel obtained by simply
thinning out the results of over-sampling of 2 x 2
calculated in Fig. 71B, and with the vertical axis as the
results obtained by calculating the amplitude value of a
data pixel position to be processed from the results of
over-sampling of 1.33 x 1.33 by linear interpolation, the
relations between both by plot points.

It should be noted that, as described above, with the
simulation in this case, intentional irradiation position
shifting of a reproduced image has not been performed, and

accordingly, a value on the horizontal axis can be handled



rate has to be set to at least a value greater than the value of the aperture
size, and accordingly, the over-sampling rate has to be set greater than

2.0. If the over-sampling rate is great, the data amount to be handled

at the time of reproduction of data is apt to increase, which preventsS02P0963
realization of a high transfer rate. From this point of view, unless the

restriction regarding the aperture size is eliminated, realization of a high
transfer rate is also prevented. As described above, with hologram

recording/reproducing systems according to the related art, it is. difficult to
o Sakibc o de i s b e b e G

sucirst aspect of the, presentinvention, there is provided a reproducing

device for performing reproduction regarding a hologram recording

meditra in wdiclradwlodgram page is2ecarded in preerdance withssignal

light, by interference between said signal light in which bit data is arrayed
obtgithere Fiforrstioryofight e ssidiféanceny pet thckemBags and 1A
%ucin device comprising: reference light

reference light, said repro
A I L A S ot sn A b he
< -itragliated when ohtaining 2 seprgguced image regarding said hologram ...

page recorded in said hologram recording medium; coherent light
andgenerating meaans eanfigueedtoxgenerate-ceherentlightofwhichhther 104

intensity is greater than the absolute value of the minimum value of the
is gmiplitudelor said reprodaded image et thamhbse becaesahesadieng to
16 PN33° 25 INS LPTRISTICE RNAse ity ald rERrofcedile®els well, a
valid region within one pixel of the image sensor 104 is set
tc a region of 5 x 5 of the center portiocn.

As can be understocd with reference to Figs. 722 and

72B, in a case where the over-sampling rate is set to a
halfway value other than an integer, and the amplitude value
of a data pixel position is calculated by linear
interpclation, the mismatched level of the amplitudes of tﬁe
vertical and horizontal axes (i.e., lowness of linearity)
becomes great both in the case ¢of including no phase mask
and in the case of including the phaée mask. The mismatch
level of the amplitude values in the case of no phase mask
in Fig. 72A becomes considerably great, but the mismatched
level of the amplitude values in the case of including the
phase mask in Fig. 72B becomes exceedingly great, which is a

problem prior to a practical realization level.

As these simulation results in Figs. 71A through 72B
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an image sensor configured to receive an input image in pixel increments
to obtain an image signal; an optical system configured to guide said
reference light to said hologram recording medium, and also guide said
reproduced image obtained from said hologram recording medium S09P0963
according to the irradiation of said reference light, and said coherent light
to said image sensor, wherein the number of pixels of said image sensor
side, and said optical system are adjusted such that an over-sampling

.. . rate representing a ratio regarding whether to receive the image of one

L e kG WOt Tt ARt R O RAGGH BF S uth 5 WEFR within

accS3id fepradyced image at the regionathow many pixels worth gf said ,
image Sensor side is greater than at least one; square’root calculating

recieanscondiguied e input apsinagessigaalobtained based el ated art,
light-receiving operation by said image sensor to calculate the square root

theof@gctevalas miakisg up said-iagesignalem  Lremsving fiednbi shed
configured to remove the components of said coherent light from an

*PPifiEge Sibnaksefiing & e Squaré fibt Caitariionfesait by Said squdre :°
o 8} caleulaling means... . geLposiinn ideytiing means canfiatted 0 e

e position of eac Ixel included in said reproduce age

relfroayan image signal after rempyat pracessing by said removing means;
pixel amplitude value obtaining means configured to obtain the amplitude
vafueeat-esshirdata pixet position wathin saidgrmage signal based on the
information of the position of each data pixel identified by said pixel

is ﬁ%&mOﬁ%ﬂﬁﬂﬁﬁﬁiH%%ﬂ%?aﬂ&ta fails to be performed

appropriately in. some cases.

Specifically, with a recording/reproducing systems
according to the related art, temporary reproduction
performance sufficient for practical realization can be
secured with settings of the aperture size of arcund 2.0,
and over-sampling rate of aiound 2.0.

Here, as described above, with regard to the aperture
size, high recording density can be realized by reducing the
value thereof. Accordingly, from the perspective of this,
it is desirable to reduce the aperture size as small asg
possible.

However, it has been determined that it is difficult to
reduce the aperture size to the above-mentioned 2.0 or less
from the above-mentioned non-linear problem. That is to say,
in the case of reducing the aperture size, the band limit

width of high-fregquency components is also enlarged, and
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reproducing means configured to reproduce recorded data based on the
amplitude value at each data pixel position obtained by said pixel

amplitude value obtaining means. - 22a - According to a second

aspect of the present invention, there is provided a reproducing metR@FF0963
for performing reproduction regarding a hologram recording medium in

which a hologram page according to signal light in which bit data is

arrayed with the information of light intensity difference in pixel increments
which is interfered with reference light is recorded by employing an image

d1 sSEHSor 18r reRBRingan Tt image P pikePinERANENS 15 0bEdin aftimage

.__signal, said rep cing method comprising the st of: _ _generating of .
lmaggdsrgi%?ggce* I%ﬂ#%g t?ﬁe%rag%t:e%g} WE%‘%% ?ﬁin&?&%‘?g lice"\éi(i‘ii;'?ée\gge%OI1

1inkegarding said helogram page recardesdn saighhalogram recording
medium;  generating of coherent light of which the intensity is greater

appthanthe @bsplute vaketofthe midinwim valusnofthe @mplitude pesaids to
reproduced image, and the phase becomes the same phase as the

the digrie phaseTithin & réprétuted imageer Seteiviry, rom S&@M

det £99% %%”%9{&%3'9598?%%%%%%9% optainedfrom said htaglpo e size
recorgﬁng medium according to said reference light generated by sai

to generating of feferencedight bgingdwadiated, angd-said eohgrent lighte
generated by said generating of coherent light in a state in which an

aboowetssampling: rate reprededtiy. a ratio regarding whether to receive the
image of one data pixel worth

Also, with such a recording/reproducing system, it has
been found that it is difficult to reduce the over-sampling
rate to at or below 2.0 due to such a restriction regarding
the aperture size. That is to say, according to the above-
mentioned sampling thecrem, the value of the over-sampling
rate has to be set to at lsast a value greater than the
value ¢f the aperture size, and accordingly, the over-
sampling rate has to be set greater than 2.0.

If the over-sampling rate 1s grest, the dates amount to
be handled at the time of reproduction cf data is apt to
increase, which prevents realization of a high transfer rate.
From this point of view, unless the restriction regarding
the aperture size 1s eliminated, realizatiocn of a high
transfer rate is also prevented.

As described above, with heologram recording/reproducing

systems according to the related art, it is difficult to

realize high recording density and a high transfer rate.
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representing the information of one data bit worth within said reproduced
image at the region of how many pixels worth of said image sensor side is
greater than at least one; inputting of an image signal obtained at said
image sensor in said receiving to calculate the square root of each value
making up said image signal; removing of the components of said
coherent light from an image signal serving as the square root calculation
result in said inputting; identifying of the position of each data pixel
incladedirdsaid réproduted fmagerant animage sigreadafter remevalion,
processing by said removing; obtainir;% of the amplitude value at each

thaat pixel PO Rithih SHERTRIYE ShRihaFBHEEEF of Te RIGHPAIOHGF the
reggéi '%ﬁ(ﬁgc@gaﬁﬁix | \dentified %&5&“’ ‘deegfgﬁ%aggéﬁaﬁﬁ’duﬁmﬁmch

recor ata base oﬁg the ampﬁ de valle at eacirdata pixe pjbsitlon
= BBaRedRy sakkohtaining o rshecardingdos third-aspget af thequesent; gnt
invention, there is provided a reproducing device for performing
by reproductioreregardingeekolograid recarding redium ivwhicha@halogratata
. page is recorded in accordance with signal light, by interference between
15 s3frSiyRal lightth Whth B @stas afayed v%ﬂﬂlﬁ*é iAo RRBHSH Bf light

. iIntensit : : ‘ . .
di %reﬁ%e in pixel increments, and reference light, said

reproducing device comprising:

reference light generating means configured to generate
said reference light to be irradiated when obtaining a
reproduced image regarding said hologram page recorded in
said hologram recording medium;

coherent light generating means configured to generate
coherent light of which the intensity is greater than the
absolute value of the minimum value of the amplitude of zaid
reproduced image, and the phase becomes the same phase as
the reference phase within said reproduced image;

an image sensor configured to recelve an input image in
pixel increments to obtain an image signal;

an optical system configured to guide said reference
light to said hologram recording medium, and also guide said
reproduced image obtained from said hologram recording
medium according to the irradiation of said reference light,
and said coherent light to said image sensor, wherein the

numper of pixels of said image sensor side, and said optical



difference in pixel increments, and reference light, said reproducing device
comprising:  a reference light generating unit configured to generate
said reference light to be irradiated when obtaining a reproduced image
regarding said hologram page recorded in said hologram recording
medium; a coherent light generating unit configured to generate
coherent light of which the intensity is greater than the absolute value of
the minimum value of the amplitude of said reproduced image, and the
syphase beeomey ther samephasetastherreference phase withinesaid
reproduced image; an image sensor configured to receive an input
reRREGE RPNl ifciehtdiits ¥6 OBt Bf imAgBlsighdle rafedptival Bystémprae
configured to guide. said reference light to said halogram.recordin
o oG D5 g e Seld LR KD S B O K ©f one

da Plogramyecarding mediun acgording to-thedgadiation of saidfeference,, o¢
light, and said coherent light to said linage sensor, wherein the number of

hopixelsnf saickénagersensorcside,antl daid@pticalsyster ode adjustetkater
such that an over-sampling rate representing a ratio regarding whether to

thpgbefe thedfifagersfione data pixel worth representing the information of

one data bit worth within said reproduced image at the region of how
markOIRERS WGrTT of A ie Soror Eie 16 Brosib (Fan R 1A% thea™

1m@RAUaLe Foot caloulatngsunit configured o inpul-andmage §ignal obtajned 1.,
based on light-receiving operation by said image sensor to calCulate the

sasqudreget ekeachrvalue maaking ypsaithinage sigpal oot of each value
making up said image signal;

removing means configured to remove the components of
salid coherent light from an image signal serving as the
square root calculation result by said sguare root
calculating means;

pixel positicn identifyving means configured to identify
the position cf each data pixel included in said reproduced
image from an image signal after removal processing by said
removing means;

pixel amplitude value obtaining means configured to
obtain the amplitude value at each data pixel position
within said image signal based on the information of the
position cf each data pixel identified by said pixel
position identifying means; and

reproducing means configured to reproduce recorded data
based on the amplitude value at each data pixel position

obtained by said pixel amplitude value obtaining means.
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a removing unit configured to remove the components of said coherent
light from an image signal serving as the square root calculation result by
said square root calculating unit; a pixel position identifying unit
configured to identify the position of each data pixel included in said
reproduced image from an image signal after removal processing by said
removing unit; a pixel amplitude value obtaining unit configured to
obtain the amplitude value at each data pixel position within said image
sigrrat based ng the informatiomobthe-positioh efraghrdatarpixel identifiedn ,
by said pixel position identifying unit; and a reproducing unit
thggisfiguted t@ Yepteduee Feauraded dartbasdd on tHeanmphitlitevalie at
eactgidal{':a,pixelfﬁositi%{l}obtain d by saidrﬁixel amplitude valye obtainin%, h
“ERARYCE With e ab élgoﬁﬁgh? tioh, Hh afrafgement iS harelh -«

a BdepwAugedimags is.read ot by the image EtQUIR; cn pir data

over-Sampling, and the position of each data pixel is identified according
i staasigagkproeessing regarding-thedmagesignal saad ottby thecynage
sensor. That is to say, in embodiments of the present invention, a case
difherevptcal pixel neatchinglishonperfotiettisitakén s aiprenis@ 1 thAs
escribed above, wjth a hologram reeeroducin system according to the

T tLfEYCAT, prase information iduded R Feproddeédimigeis minsor for
- detested; and detegtion regarding light infensity, Alaps,isperformed, This, .

intensity’is equivalent to thé absolute value (square value) of the
imampligiderafla reproducedimage-beigondeteciad cAsgardinghy Withethet eps

above-mentioned embodiment of the present invention, coherent light of
ofwhich the intensity is greater than the absolute value of the minimum

value of the amplitude of the reﬁproduced image is also irradijated at the
mnggperatlng of saild reference light to be irradiated

when obtaining a reproduced image regarding said hologram
page recorded in said hologram recording medium;

generating of coherent light of which the intensgity is
greater than the absolute value of the minimum value of the
amplitude of gaid reproduced image, and the phase becomes
the game phase as the reference phase within said reproduced
image;

receiving, from said image sensor, said reproduced
image obtained from saild hologram recording medium according
to said reference light generated by said generating of
reference light being irradiated, and said coherent light
generated by sald generating of coherent light in a state in
which an over-sampling rate representing a ratio regarding

whether to receive the image of cne data pixel worth
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performing readout of data by irradiating reference light, and thus, the
value according to the intensity of the coherent light is added to the
original amplitude value. Based on this, the square root of each value of
the image signal obtained by detecting the square value of the amplitude
thereof is calculated regarding the reproduced image obtained by adding
the coherent light components thus described above, and moreover,
reproduction of data is performed after the added components are
refemeved: ing Thus, dvalenahichris gfeatesthaatthe labsolute- value of then
minimum value (e.g., -1) of the amplitude of the reproduced image (e.g.,
521 %) IS RAGSH. Y tHeStfuaté rodtTelariingleaéh balteoile Rugge = worth
fsigngl detected as the square value thereot_f is c%lﬁulatedﬁ afd fughe% the
“*a (‘“?e(fi51 cohérent ﬁgeh Sc%rmf)?"o:!”neenté" aré %’ﬁeerﬁb\?erd, and thas, a %%6’ativ% =i
amplityde ¢1),js 1eadUt appIapriately SPegificallye us, in,3 £ase whate
three values according to "+1", "0", and "-1" are recorded by employing a
sepbase maskatheéses+d ], vOhcand' -2 atam be teadlodt appropsately; andf
thus, linear readout is realized.  Note that, in embodiments of the
cagreseht iveRfidn 1fistaken a8 alesitich gz the phase of coherent light
is set to the same _phase as a regroduced image, which is because E]éa c
rom

am[ﬁﬁl}lé)é\f \}ageoa%ctércﬁnﬁ WEs eer%%?lié)l'\ Ailstd 5 44684 o a9
an'egduced image approprigtely. in-g casewhere the,phase of gohergpy

light iS not set to the same phase tentatively. As described above,
reacgarding te=eirdbagiments afthe present invention, information recorded
in a hologram recording medium can be read out linearly. Thus, linear
readsiftis idalized, whetdly thegéstienon fegraihgthb apetiard sizacluded
accor inlg to the related art can be eliminated, and accordingllg the
removal

104 BErre"SP& 3ekGIhg B ETbb MRS of Hefrede At S0

procegsing by said removing;

obtaining of the amplitude valilue at each data pixel
pesition within =zaid image signal based on the information
of the position of each data pixel identified by said
identifving; énd

reproducing of recorded data based on the amplitude

value at each data pixel position obtained by said obtaining.

According to a third aspect of the present invention,
there is provided a reproducing device for performing
reproduction regarding a hologram recording medium in which
a hologram page is recorded in accordance with signal light,
by interference between said signal light in which kit data

is arrayed with the information of light intensity
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invention can be reduced as compared to the related art, If the aperture
size can be reduced, the over-sampling rate can be reduced according to
the Nyquist sampling theorem (condition of over-sampling rate > aperture
size) as compared to the related art. Thus, reduction in the aperture
size, and decrease in the over-sampling rate can be realized, whereby
high recording density of data as to a hologram recording medium, and
improvement in a data transfer rate can also be realized. BRIEF
diDESCRIEPT ION QFE<EHE DRAVANGS, ahig. 145 a:blogkediagean, said
illustrating the internal configuration of a reproducing device according to
ey embooitiefiesiihe presentiaverstion; Fig. 2 is a diagram for
describin%the areas_qof a reference light area, signal Ii%:\it area, and gap

are& stipUfEtEd fitan STM: IS5 23 ISR bk idgramSihariy=©
gelllusttating the Jnterpal, configuration, of.an SLM;and intensity/phase

modulation control unit included in a reproducing device according to the
obembedinent; repkigsudAanthds;are-diggramadorLleseribigdhiean page

structure of a liquid crystal device capable of phase modulation in
rejpersinentsiofpials IKigeBABNYIS A sehensaticyepresentations of

output
%,Coherent light generating unit configured to generate

coherent light of which the intensity is greater than the
absclute value of the minimum value of the amplitude of said
reproduced image, and the phase becomes the same phase as
the reference phase within said reproduced image;

an image senscor configured to receive an input image in
pixel increments to obtain an image signal;

an optical system configured to guide said reference
light to said hclogram recording medium, and also guide said
reproduced image obtained from said hologram recording
medium according to the irradiation of said reference light,
and said coherent light to said image sensor, wherein the
number of pixels of said image sensor side, and said optical
system are adjusted such that an over-gampling rate
representing a ratioc regarding whether to receive the image
of one data pixel worth representing the information of one
data bit worth within said reproduced image at the region of
how many pixels worth of said image sensor side is greaterx

than at least one;
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S0O9P0963 images of an intensity modulator and phase modulator when
adding coherent light; Fig. 6 is a diagram illustrating a reproduced
image in a case that the coherent addition amount is 0.1; Fig. 7is a
diagram illustrating a reproduced image in a case that the coherent
addition amount is 1.0; Fig. 8 is a block diagram illustrating the internal
configuration of a data reproducing unit included in the reproducing device
according to the embodiment; Figs. 9A and 9B are "diagrams for
viewingdmeasty i thecedseudfyierfarming cokereht gdditidn accarding:-toan
_ the embodiment;  Fig. 10 illustrates distribution within a signal light are
IMfsteathFediorPdiviieHe cBRdiRG G the! AGMber B8O HHYIRP SyiTds o1 BY

said image sensor toc calculate the sguare root of each value
making up said image signal;

a removing unit configured to remove the components of
said coherent light from an image signal serving ag the
square root calculation result by salid square root
calculating unit;

a pixel position identifying unit configured to
identify the position of each data pixel included in said
reproduced image from an image signal after removal
processing by said removing unit;

a pixel amplitude value obtaining unit configured to
obtain the amplitude value at each data pixel posgition
within said image signal based on the information of the
position of each data pixel identified by said pixel
position identifying unit; and

a reproducing unit configured to reproduce recorded
data based on the amplitude value at each data pixel
position obtained by said pixel amplitude value obtaining

unit.
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Fig. 11 is a diagram for describing a detection technique for the page
center position; Fig. 12 is a diagram for describing a detection
technique for the sync positions; Figs. 13A through 130 are diagrams
for describing a technique for extrapolating one sync in the case of being
surrounded by three syncs; Figs. 14A through 14F are diagrams for
describing a technique for extrapolating two syncs in the case of being
surrounded by two syncs; SO9P0963 Figs. 15A through 150 are
diagrams for describing a technique for extrapolating three syncs in the
casé'ofBeihf s ioringed bylomisaici on, Figs. 46A=rmkeiBShareis made

d|a rams for descnbln a resampllng technlque according to a first
%OHHNﬂﬁePrO ue image 18 read out by the image sensor

through over-sampling, and the position of each data pixel
is identified according te signal processing regarding the
image signal read out by the image sensor. That is to say,
in embodiments of the present invention, a case where
optical pixel matching is not performed is taken as a
premise.

As described above, with a hologram reproducing system
according tc the related art, phase information included in
a reproduced image is not detected, and detection regarding
light intensity alone is performed. This intensity isg
eguivalent to the absoclute value (square value) of the
amplitude of a reproduced image being detected. Accordingly,
with the above-mentioned embodiment of the pregent invention,
coherent light of which the intensity is greater than the
absolute value of the minimum value of the amplitude of the
reprocduced image is also irradiated at the time of
performing readout of data by irradiating reference light,
and thus, the value according to the intensity of the
coherent light is added to the original amplitude value.
Based on this, the square root of each value of the image
signal obtained by detecting the square value of the
amplitude thereof is calculated regarding the reproduced
image obtained by adding the coherent light components thus

degcribed above, and moreover, reproduction of data is
_24-



Fig. 17 is a block diagram illustrating a configuration for realizing
reproducing operation based on the resampling technique according to
the first embodiment; Fig. 18 is a diagram illustrating experiment
results regarding in-page error distribution, SER, and SNR, in a case of
applying the resampling technique according to the first embodiment;
Fig. 19 is a diagram illustrating experiment results regarding in-page error
distribution, SER, and SNR, in a case of applying a resampling technique
according to the related art; Fig. 20 is a diagram illustrating experiment
P@Fe%ar-f@?gga%éWn%@é‘fﬁ@r@digﬁm@ﬁéﬁ%@%ﬁd SNRMAS: case of
perf%rgligg daet%%tion of tlhe ncs accordin%r%to t{l‘xle first embodiment, and

performing pixel positioh identifying? pixet amplittifé Valte db&HiHG Sard-tue
o£daadigtinguishing.-aceording 4o the related arf, . aﬂgf‘i @&é@@?ﬁzjc%ére

diagrams illustrating the comparison results between a case of performing
repesathpting accading 40 the, first embosdimeits and acaserwhergimpixel-oot

80930 963 matching has been performed,;
regarding each value of the image signal detected as the
sguare value thereof is calculated, and further, the added
ccherent light components are removed, and thus, a negative
amplitude (-1) is read out appropriately. Specifically,
thug, in a case where three values according to "+1%, "or,
and "-1" are recorded by employing a phase mask, these "+1m,
"0, and "-1" can be read out appropriately, and thus,
linear readout is realized.

Note that, in embodiments of the present invention, it
is taken as a condition that the phase of coherent light is
set to the same phase as a reproduced image, which is
because the amplitude value according to coherent light
faiis to be added to a reproduced image appropriately in a
case where the phase of coherent light is not set to the
same phase tentatively.

Ag described above, according to embodiments of the
present invention, information recorded in a hcologram
recording medium can be read out linearly. Thus, linear
readout is realized, whereby the restriction regarding the
aperture size according to the related art can be eliminated,

and accordingly, the aperture size according to embodiments

of the present



Figs. 22A and 228 are diagram illustrating the relation between aperture
size and over-sampling rate, in a case of performing coherent addition, by
way of NMSE; Figs. 23A and 238 are diagram illustrating the relation
between aperture size and over-sampling rate, in a case of not perfosfhdgp 963
coherent addition according to the related art, by way of NMSE; Fig.
24 is a block diagram illustrating the internal configuration of a data
processing unit which a reproducing device according to a second
~ embodiment includes; Fig. 25 is a diagram illustrating a sensor output
INViRfHgeS! CRig. B8 id adhaGrantfiusieatiiry 88 imag isllovarg tpcaling; 1T
theFigs.e%Zﬁl ggd S2,78("3are orlia%ramrs igustra ingr[ilranage masks for differentiation
procedsingS SHG. 2815 & diagram fiidtrating an image 4% X2di Bcfign® can

be WHGJUUSE SigNAIS; g FI9- 284S pfliagram Wustrating animage as
Y-direction timing pulse signals;
{condition of over-sampling rate > aperture size) as
compared to the related art.
Thus, reduction in the aperture size, and decrease in
the over-sampling rate can be realized, whereby high

recording density of data as to a hologram recording medium,

and improvement in a data transfer rate can also be realirzed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illiustrating the internal
configuratibn of a reproducing device according to an
embodiment of the present invention;

Fig. 2 is a diagram for describing the areas of a
reference light area, signal light area, and gap area,
stipulated in an SLM;

Fig. 3 1s a block diagram primarily illustrating the
internal configuration of an SLM and intensity/phase
modulation control unit included in a reproducing device
according to the embodiment: |

Figs. 4A and 4B are diagrams for describing the
structure of a liguild crystal device capable of phase
modulation in increments of pixels:;

Figs. 5A and 5B are schematic representations of output
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Fig. 30 is a diagram illustrating analysis results according to

two-dimensional FFT regarding X-direction timing pulse signals; Fig. 31 is

a diagram illustrating analysis results SO9P0963 according to

two-dimensional FFT regarding Y-direction timing pulse signals; ~ FigF0263

32 is a diagram illustrating extraction results of X-clock signal

components; Fig. 33 is a diagram illustrating extraction results of

Y-clock signal components; Fig. 34 is a diagram for describing phase
imagggt%?cggm@%teﬂsity modulator and phase modulator when
adding coherent light:

Fig. 6 is a diagram illustrating a reproduced image in
a case that the coherent addition amcunt is 0.1:

Fig. 7 is a diagram illustrating a reproduced image in
a case that the coherent addition amcunt is 1.0;

Fig. 8 is a block diagram illustrating the internal
configuraticn of a data reproducing unit included in the
reproducing device according to the embediment:

Figs. %A and 9B are "diagrams for viewing linearity"™ in
the case of performing coherent additicon according to the
embodiment;

Fig. 10 illustrates distribution within a signal light
are for each reglon divided according tc the number of
surrounding syncs;

Fig. llris a diag;am for describing a detection
technigque for the page center position:

Fig. 12 is a diagram for describing a detection
technigue for the sync pesitions;

Figs. 13A thrcugh 13D are diagrams for describing a
technique for extrapolating one sync in the case of being
surrounded by three syncs;

Figs. 14A through 14F are diagrams for describing a

technigue for extrapolating two syncs in the case of being

surrounded by two syncs;



Fig. 35 is a diagram illustrating an image as X-clock signals; Fig. 36 is

a diagram illustrating an image as Y-clock signals; Figs. 37A and 376

are diagrams for describing an extraction technique for the zero cross

lines of clock signals;  Fig. 38 is a diagram illustrating extraction r&gft§ 2¢3
of positive zero cross lines of X-clock signals; Fig. 39 is a diagram
illustrating extraction results of positive zero cross lines of Y-clock signals;

Fig. 40 is a diagram illustrating extraction results of grid points of the zero

cosslne gounsia 4 s agiamar usvatng e postionel ten
technigue for extrapolating three syncs in the case of being
surrounded by one sync;

Figs. 16A and 16B are diagrams for describing a
resampling technigue according te a first embodiment:

Fig. 17 is a block diagram illustrating a configuration
for realizing reproducing operation based on the resampling
technigue according to the first embodiment;

Fig. 18 is a diagram illustrating experiment results
regarding in-page error distribution, SER, and SNR, in a
case of applying the resampling technigque according to the
first embodiment;

Fig. 19 is a diagram illustrating experiment results
regarding in-page errcr distribution, SER, and SKR, in a
case of applying a resampling technigue according tb the
related art;

Fig. 20 is a diagram illustrating experiment results
regarding in-page error distribution, SER, and SNR, in a
case of performing detection of the syncs according to the
first empodiment, and performing pixel position identifying,
pixel amplitude value cbtaining, and data distinguishing,
according to the related art:

Figs. 21A and 21B are diagrams illustrating the
comparison results between a case of performing resampling

according to the first embodiment, and & case wherein pixel



Fig. 42 is a diagram exemplarily illustrating an image from the results of
resampling; SO9P0963 Fig. 43 is a block diagram illustrating a
configuration for realizing the reproducing operations based on the

resampling technique according to the second embodiment;  Fig. 440963
a diagram illustrating an array example of page syncs; Fig. 45is a
diagram illustrating another array example of page syncs; Fig. 46 is a

diagram illustrating experiment results regarding in-page error distribution,

mati%fﬁ%?éjﬁ%al\lr .é!%nna ggg%gggﬂ%@);/mg a resampling technique according to

ere

Figs. 223 and 22B are diagram illustrating the relation
between aperture size and over-sampling rate, in a case of
performing coherent addition, by way of NMSE;

Figs. 2324 and 23B are diagram illustrating the relation
between aperture size and cver-sampling rate, in a case of
not performing coherent addition according to the related
art, by way of HNMSE;

Fig. 24 is a block diagram illustrating the internal
configuration of a data processing unit which a reproducing
device according to a second embodiment includes;

Fig. 25 is a diagram illustrating a sensor output
image;

Fig. 26 is a diagram illustrating an image following
up-scaling:;

Figs. Z7A and 27B are diagrams illustrating image masks
for differentiation processing;

Fig. 28 is a diagram illustrating an image as X~
direction timing pulse signals;

Fig. 29 is a diagram illustrating an image as Y-
direction timing pulse signals;

Fig. 30 is a diagram illustrating analysis results
according to two-dimensional FFT regarding X-direction
timing pulse signals;

Fig. 31 is a diagram illustrating analvysis results



Fig. 47 is a diagram illustrating experiment results regarding in-page error
distribution, SER, and SNR, in a case of applying the resampling

technique according to the second embodiment; Fig. 48 is a dia%ram
illustrating experiment results regarding margin properties as to 09P0963
enlargement/reduction of the image; Fig. 49 is a diagram illustrating
experiment results regarding margin properties as to rotation of the image;
Figs. 50A and SOB are diagrams illustrating analysis results by

accé"%%‘%%l%eg%i°§%BE%E%V%th%”o§%'§rgs%im;@@égea(%al fmes). . ; , Figs; S1A
an are diagrams Ilfustrating analysis résu tslbytho- imensional FFT
+ imWith g rotatedimager (5, SO9P0963 degrees);

Fig. 32 is a diagram illustrating extraction results of
X-clock signal components;

Fig. 33 is a diagram illustrating extraction results of
Y-clock signal components:

Fig. 34 is a diagram for describing phase shift
processing;

Fig. 35 is a diagram illustrating an image as X-clock
signals;

Fig. 36 is a diagram illustrating an image as Y-clock
signals;

Figs. 37A and 37B are dliagrams for describing an
extraction technigue for the zero cross lines of clock
signals;

Fig. 38 is a diagram illustrating extraction results of
pogsitive zero cross lines of X-clock signals;

Fig. 39 is a diagram iliustrating extraction results of
positive zeroc cross lines of Y-clock signals;

Fig. 40 is a diagram iliustrating extraction results of
grid points ©f the zero cross line groups;

Fig. 41 is a diagram illustrating the positicnal
relation between the image senscr and signal light;

Fig. 42 is a diagram exemplarily illustrating an image

from the results of resampling;
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Figs. 52A and 522 are diagrams for describing a second modification of

the second embodiment; Fig. 53 is a diagram for describing a third
modification of the second embodiment; Fig. 54 is a block diagram
illustrating the internal configuration (partially extracted) of a data S09P0963
reproducing unit according to a fourth modification of the second

embodiment; Fig. 55 is a diagram illustrating Sobel operator

processing results; Fig. 56 is a diagram illustrating analysis results

btained by two-di ional FFT of an jmage following Sobel operator
orbcditet S Pl SIS B dlaGrANT RSt atua 4 e TollgiRag 3 2ac Lon

for UpScaling spbjected 10.absolute value, processing asit sy g8 s a

diagram illustrating analysis results obtained by two-dimensional FFT of
resandmage subjectadito-absolute vatie processinge corfdg 2% isa diagram

for describing phase shift processing in a case of a fifth modification of the

setoAd efrtbodimengiiagram illustrating an array example of

page syncs;

Fig. 45 is a diagram illustrating another array example
of page syncs:

Fig. 46 1s a diagram illustrating experiment results
regarding in-page errcr distribution, SER, and SNR, in a
case of applying a resampling technigue according to the
related art;

Fig. 47 is a diagram illiustrating experiment results
regarding in-page error distribution, SER, and SNR, in a
case of applying the resampling technigue according to the
second’ embodiment;

Fig. 48 1is a diagram illustrating experiment results
regarding margin properties as to enlargement/reduction of
the image:;

Fig. 4% is a diagram illustrating experiment results
regarding margin properties as to rotation of the image;

Figs. 50A and 50B are diagrams illustrating analysis
results by two—dimensional FFT with an enlarged image (1.1
times) ;

Figs. 51A and 51B are diagrams illustrating analysis

results by two-dimensicnal FFT with a rotated image (5



Fig. 60 is a diagram illustrating analysis results obtained by

two-dimensional FFT of an image subjected to absolute value processing

as it is (near X-clock signal SO9P0963 component); Fig. 6l is a

diagram illustrating analysis results obtained by two-dimensional FFFbtFC963
an image subjected to absolute value processing as it is (near Y-clock

signal component); Fig. 62 is a diagram schematically illustrating a
technique of two-dimensional FFT by matrix decomposition;  Figs. 63A

g fand 638 are diagrams for describing an FFT technique according to a
©9E&Vérith modification of the second embodiment; Fig. 64 is a diagram

for-describing,a technigue for recordingpformation o ahologiam. sccong
recording medium;
modification of the second embodiment:

Fig. 53 is a diagram for describing a third
modification of the second embodiment;

Fig. 54 is a block diagram illustrating the internal
configuration (partially extracted) of a data reproducing
unit according to a fourth modification of the second
embodiment;

Fig. 55 is a diagram illustrating Sobel operator
processing results;

Fig. 56 is a diagram illustrating analysis results
obtained by two-dimensicnal FFT of an image following Scbel
operator processing;

Fig. 57 is a diagram illustrating an image following
up-scaling, subiected tc absclute value processing as it is;
Fig. 58 1s a diagram illustrating analysis results
obtained by two-dimensional FFT of an image subjected to

absolute value processing:

Fig. 5% is a diagram for describing phase shift
processing in a case of a fifth modification of the second
embodimant;

Fig. 60 is a diagram illustrating analysis results
ocbtained by two-dimensional FEFT of an image subjected to

absolute value processing as it is (near X-clock signal



Fig. 65 is a diagram for describing a technique for reproducing recorded

information of a hologram recording medium; Fig. 66 is a diagram for

describing multiplex recording of hologram pages; Figs. 67A and 678

are diagrams illustrating the difference in signal light and reference Iigh#F0963

between a case with no phase mask (Fig. 67A) and a case with a phase

mask (Fig. 673); Figs. 68 is a diagram for describing an aperture; Fig. 69

is a diagram for describing over-sampling; Fig. 70 is a diagram illustrating

an example of irseg syncs into a hologram page; SO9P0963 Figs.
Com‘?fﬁ%@l@fli’s are diagrams illustrating simulation results for describing

nopslineagty which ajhglogram recording/reprgducing system.according
to the related art has; and

obtained by two-dimensional FFT of an image subjected to

absolute value processing as it 1s (near Y-clock signal

component) ;

Fig. €62 1s a diagram schematically illustrating =
technigque of two-dimensiocnal FFT by matrix decomposition:

Figs. ©63A and €63B are diagrams for describing an FFT
technigue according to a seventh modification of the second
embodiment ;

Fig. 64 is a diagram for describing a technigue for
recording information to a hologram recording medium;

Fig. 65 is a diagram for describing a technigue for
reproducing recorded information of a hologram recording
medium;

Fig. 66 1s a diagram for describing multiplex recording
of hologram pages:

Figs. ©7A and 67B are diagrams illustrating the
difference in signal light and reference light between a
case with no phase mask (Fig. €73) and a case with a phase
mask {(Fig. 67B);

Figs. 68 is a diagram for describing an aperture;

Fig. 69 is a diagram for describing over-sampling;

Fig. 70 1s a diagram 1llustrating an example of

inserting syncs intc a hologram page:



Figs. 72A and 723 are diagrams illustrating "diagrams for viewing linearity"

in the case of setting the over-sampling rate to a rate other than a multiple

of an integer, and performing amplitude value calculation with linear
interpolation. DESCRIPTION OF THE PREFERRED EMBODIMENTE 970263
Preferred embodiments for carrying out the present invention (hereinafter
referred to as "embodiments") will be described. First Embodiment
Configuration of Reproducing Device Fig. 1 is a block diagram
shé)wmgt u&tea[ngll)o | |gurat|o<51.ofa recordilri%/&esprgg%gmoa device.l

1O5 n are, diagrams T ng simuptation
accor’dglng 0O an em mentrof a re&oaucmg device accor ng %O e

resPiesentinventian.An kg 1.the structure of an.optical %ysztﬁmo%ﬁ@prdmg
data modulating system, and a reproducing system, of the

recoechrding/reproaducingi device d isprimatityrshiovwn, androther-edmpenents ©
have been omitted from the drawing. In this embodiment, a so-called

has goakial system is

Figs. 72A and 72B are diagrams i1llustrating "diagrams
for viewing linearity” in the case of setting the over-
sampling rate to a rate other than a multiple of an integer,
and performing amplitude value calculation with linear

interpolation.

DESCRIPTION OF THE PREFERRED EMBCODIMENTS

Preferred embodiments for carrying out the present
invention (hereinafter referred tc as "embodiments™) will be
described.
First Embodiment
Configuration of Reproducing Device

Fig. 1 1is a block diagram showing the internal
configuration of a recording/reproducing device 1 according
to an embodiment of a reproducing device according to the
present invention. In Fig. 1, the structure of an optical
system, a recording data modulating system, and a
reproducing system, of the recording/reproducing device 1 is
primarily shown, and other components have been omitted from
the drawing.

In this embodiment, a so-called ccaxial system is



S09P0963 employed as a hologram recording and reproducing system.

With the coaxial system, signal light and reference light are arranged on

‘the same axis, both the signal light and the reference light are irradiated

on a hologram recording medium HM to record data using interference’F0963
fringes, and at the time of reproduction, only the reference light is

radiated on the hologram recording medium HM to reproduce the data
recorded in accordance with the interference fringes. In this case, the

ologram recording medium KM in. Fig. 1 is a so-called reflection type
e e B e ah i ARG e S S IRe P

w1t heqardingdeproducing.device 1.has.a canfigurationadapted 40, such agh +
reflection type hologram recording medium HM. In Fig. 1, a laser diode

are (hereinafted may herabbreviated 16 NDYistprevided asla lighttsousce: the
for obtaining a laser beam for recording/reproduction. A laser diode with

re L pssdernal 85GillR6RIs SmpIayed s tRE |asel eious B ittt g Weielshgth

dof 41 N'\é' Light erpgtecg ftr:om the laser dii:ode e]i;s,mtracrésr%iggd tgrsoughna .
meC L efimatorans % R6Rvertedinto pArallel light, -and then input to a spatial - -

tne lghtmodelaior (hereinafier.may he abprevialed 40 .aLM ) 4 o1 The

spatial light modulation which the SLM 4 performs on incident light
i rréntiudesibath spatiaHight intensityemodulation tkereinaftér may beproduce
referred to simply as "intensity modulation™) and spatial light phase
the sedifatigiccrded in accordance with the interference
fringes. In this case, the hologram recording medium HM in
Fig. 1 is a so-called reflection type hologram recording
medium including a reflection film, and the
recording/reproducing device 1 has & configuration adapted
to such a reflection type hologram recording medium HM.

In ¥Fig. 1, a laser diode {(hereinafter may be
abbreviated to "LD") Z is provided as a light socurce for
obtaining a laser beam for recording/reproduction. A laser
dicde with an externzl oscillator is employed as the laser
diode 2, with a wavelength of 410 NM. Light emitted from
the laser dicde 2 is transmitted through a collimator lens 3,
converted into parallel light, and then input toc a spatial
light modulator (hereinafter may be abbreviated to "SLM") 4.

The spatial light modulation which the SLM 4 performs
on incident light includes both spatial light intensity

medulation (hereinafter may be referred to simply as

"intensity modulation™) and spatial light phase modulation
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S0O9P0963 (hereinafter may be referred to simply as "phase modulation™).
Now, in spatial light modulation performed by the SLM 4, signal light and
reference light used for performing data recording to the hologram
recording medium HM are generated. The signal light is light which RAgFO9063
been affected by the intensity modulation corresponding to the recording
data, and the reference light is data used for forming interference fringes
on the hologram recording medium HM by interference with the signal
light. A reference light area Al, a signal light area A2, and a gap area
(e MR EE5URoA 18ine SCNE b 59 16 GHABIE generaling st the signal
modHghk-ang reference light, as shown in Fig. 2. Specifically, a circular area
including the center portion of the SLM 4 is defined as the signal light area
AZyvas showspiaiFig.12. JAcrass thedyaparearAden fhe-pedmeter poetiosLM 4,
thereof, the reference light area Al is defined concentrically with the signal

s1gTight aredhh2. Néte Tharthegap arednB HiSBeer provided as régloR ¢6 &

recdYQUHEIHENER UM 1SRN 1%, SONRN AURP A2 NG SR

The signal light is light which has been affected by the
intensity modulation corresponding to the recording data,
and the reference light 1s data used for forming
interference fringes on the hologram recording medium HM by
interference with the signal light.

L reference light area Al, a signal light area AZ, and
a gap area A3, are stipulated in the SLM 4, s0 as to enable
generating of the signal light and reference light, as shown
in Fig. 2. Specifically, a circular area including the
center portion of the SLM 4 is defined as the signal light
area AZ, as shown in Fig. 2. Across the gap arez A3 on the
perimeter portion thereof, the reference light area Al is
defined concentrically with the signal light area AZ. Note
that the gap area A3 has been provided as region to avoid
reference light from leaking into the signal light area A2
and causing noise.

In Fig. 1, the operations of intensity modulation and
phase modulation by the SLM 4 are performed under control of
an intensity/phase control unit 12. While specific spatial

light modulation operations realized by the SLM 4 and
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In Fig. 1, the operations of intensity modulation and phase modulation by

the SLM 4 are performed under control of an intensity/phase control unit

12. While specific spatial light modulation operations realized by the SLM

4 and SO9P0963 Intensity/phase control unit 12 as an embodimentSWifiFC 963

be described later, it should be noted that the spatial light modulation in

this case is no different from that according to the related art in that the

signal light and the reference light are generated at the time of recording,
. . and that the reference light is generated at the time of reproducing.
S SRR 0 S RE T MO G P he BT BEbethbhghea
sesiglaylensSyand is condensed;sg astp artive ata facal paigtata; 1 gne

- predetermined position as shown in Fig. 1, following which diffused Ilgh?

nodafter condensingisdnputde airelaylens 7rea-as to e canverted mteording

parallel light. An aperture 6 is provided at position of the focal point
to férnakEby EeRdensing at thearelaiflens 59he.. at th@positioh ¢fithe Fourier
ref%?::nel (frequency plane). The aperture 6 is configured such that onl

ST GhO RN prsTetar ARG Finge o TE cBniet oF e apical =7
tha XSS taDEMtted. At {he fime, of recarding, dhe diameter of fhe signal light

is reduced by the aperture 6, so as to achieve high-density recording.
repighi whieh has passed through the relay lens 7 passes through a

polarization beam splitter 8, and further a quarter-wave plate 9, and then

is koaddnsadby: an objeet |ehisa10L86 as 10 he daseon #ie hologramie SLM

recording medium HM. , )
4 passes Through a relay lens 5, and is condensed s as to
arrive at a focal point at a predetermined position as shown
in Fig. 1, fecllowing which diffused light after condensing
is input to a relay lens 7 so as to bhe converted into
parallel light,

An aperture & is provided at pcsition of the focal
point formed by condensing at the relay lens 5, i.e., at the
position of the Fourier panel (frequency plane). The
aperture ¢ is configured such that only incident light
within a predetermined range from the center of the optical
axis 1s transmitted. At the time of recording, the diameter
of the signal light is reduced by the aperture &6, so as to
achileve high~density recozrding.

Light which has passed tThrough the relay lens 7 passes
through a polarization beam splitter 8, and further a

guarter-wave plate 9, and then is condensed by an cbiect

lens 10 so0 as to be cast on the hologram recording medium HM.
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SO9P0963 At the time of recording as described above, signal light

and reference light is generated at the SLM 4. According, at the time of
recording, the signal light and reference light are cast on the hologram
recording medium HM hologram recording medium HM via the path 30920963
described above, and consequently, interference fringes (diffraction

grating, hologram) of the signal light and reference light are formed on the
hologram recording medium HM. Thus, data is recorded.  Also, at the

time_of_reproduction,.the reference light is reproduced by the SLM, 4. Due
tc:]lt%ls ?e (gr(e% nlcnéeligﬁ blé?n%ocrags% of thé h%?osg?gr%gr%goﬁcflé r?gvr%’edisulr% T

1igMia thepath deseribed ahoye; at thetime.of reproducing the dijfracted light
corresponding to the hologram formed on the hologram recording medium

AcceiMiisgbtamedtassreproduced light (e teproducedtinzage)a 1 Theht and
hologram recording medium HM according to this example is a reflecting

re LRl AR corthivdly Athe réprodueEd iisge fs-frigmedts veding medium HM

no (rjec}pédin%rggrogggin %%vlj%emlﬂpev%s retf{ﬁé:ted Ijigthhtérom the holo ram

: “Lrgc“orgﬁng medium H , and upon pass‘lang ro@gah he gbsjé:cri‘l NS 16°and°

anathenguaster-wave plate 9,is.cashindo the polatizationcsheam splitter 8. .Thg. o,

reproduced light cast into the polarization beam splitter 8 is reflected off of
holtherpolarizatiornbeamcaplifteri8,cand guided 4a thesimagelsensor 4teas crmed
shown in Fig. 1. 50930 963
cn the hologram recording medium HM. Thus, data is reccrded.

Also, at the time of reproduction, the reference light
is reproduced by the SLM 4. Due to this reference light
being cast on the hologram recording medium HM via the path
described above, at the time of reproducing the diffracted
light corresponding to the hologram formed on the hologram
recording medium HM is oktained as reproduced light (a
reproduced image) .

The hologram recording medium HM according to this
example i1s a reflecting type. Accordingly, the reproduced
image‘is returned tc the recording/reproducing device 1 side
as reflected light from the hologram recording medium HM,
and upon passing through the object lens 10 and then
guarter-wave plate 9, is cast into the polarization beam
splitter 8. The reproduced light cast into the polarization
beam splitter 8 is reflected off of the polarization beam

splitter 8, and guided to the image sensor 11, as shown in

Fig. 1.
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The image sensor 11 has an imaging device such as a CCD (Charge

Coupled Device) sensor or a CMOS (Complementary Oxide

Semiconductor) sensor for example, which receives the reproduced image
from the hologram recording medium HM guided thereto as shown inHg.0°63
1, and converts the received reproduced image into electrical signals.
Accordingly, at the time of reproducing, photoreception signals (image
signals) representing the intensity detection results regarding the

duced j di ined. That is.t dout
r?'%"? uged image %eé:?“lﬁa %@t?ggﬁ%%% g?.%'l?l S0 r‘%ras WMeep

signals regarding the recorde e’ image signals

(Ch&oHesponing o the eproduceddmageobiained by the ipage senser,l2
is supplied to a data reproducing unit 13.  The data reproducing unit 13
Ox 1 deproduces retorded datzesperfdrming predetermimed céprodueed signahe
processing and decoding processing on the image signals. The operations

TP AR toRTponEht Bonfigiitation of theita Teproddéng thif B witfhe ™

., degcribed later. Over-sampling .. Now, with a hologram . o
9+ Fecor ?ﬁ%fr%b?odahscinsg” g%ter"ﬁ such ‘as s‘h’ovf?r%lﬁ!w1 ﬁa%f,eltr 5considered o = °

repbegxtiemelydifficult-to.match the image of individual pixels ofithe-SM 4 «
within the reproduced image (also called "data pixels") and the individual
the pixetsattheimagedsensor ]l sidet(alsoregliedd'detectorapixels ) precisely
~in a one-on-one manner, SO9P0963 due to problems such as optical
s 1 oRfistSrtioh AMererRargehverit&ductioh 1atis ind %o orth ih StRerwbeds,

cos ERIBHINAST SRICH O Coplc (e MR DRI S8 s
That 1s to say, readout signals regarding the recorded data
are obtained. The image signals corresponding to the
reproduced image obtained by the image sensor 11 is supplied
to a data reproducing unit 13.

The data reproducing uniit 13 reproduces recorded data
by performing predetermined reproduced signal processing and
decoding processing on the image signals. The operations
and compeonent configuration of the data reproducing unit 13
will be described later.

Over-sampling

Now, with a hologram recording/reproducing system such
as shown in Fig. 1, it is considered to be extremely
difficult to match the image of individual pixels of the SLM
4 within the reproduced image (also called "data pixels")
and the individual pixels at the image sensor 11 side {(also

called "detector pixels™) precisely in a cne-on-one manner,
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With the present embodiment, an assumption will be laid forth that no
such strict optical pixel matching is performed; with this understanding,
processing is performed to identify at which positions in the image signals
obtained at the image sensor 11 the individual data pixels are situated 270963
Over-sampling is performed to enable such data pixel position
identification in an effective manner.  As can be understood from the
description of Fig. 69 given earlier, this over-sampling is performed by
...__receiving one data pixel worth of image at a region of n_pixels worth
cue (\E/}Cvﬁe rr%}gﬁl Bn tﬁg%na‘ag St E(I)"rcfj? 1%?158 %\9gr’:§‘§rrﬁpﬁiﬁlgcyiis performed so
en1@sdegpable.caseswhere shifting gftheseproduced impge OCOUrs o rys,
increments smaller than pixels to be handled as well. For example, in the
con éventrthattheroverisamypling ratesis setta:2 X2 =4 times (i.enzanhdata in
pixel worth of image is to be received at a region of 2 x 2 = 4 pixels worth
sucht thesirtabelserior 2 1); anirik sigaal Havingefouffbld resaltitidr il be
Sar ougpgé from the image sensor 11. Though omitted from description with
PUTFstereénce to the SO9P0963 drawings, the recording/reproducing device 1
shownin-Fig, 1-pedaths siing ghihe nuReL abpixels bawgen g SN 5 o
4 and image sensor 11, and adjustment of the optical system (particularly
foradjustmentof scatg) with-such everssamplingx Phase Modutafions
Recording and Insertion of Syncs  As can be understood from the
per apsve deseriptiont with tHe fecorimgdisprodiicing dediced skovieinfRighned

1, the diameter of the signal light is reduced by the aperture 6 having been
=0 e inGreby ACHEVITG PIGhEnsi) recoTaing I AcEordanGe with: ==

=t feductign in the area occupied.by a hplogiampage an the,media, Jtshould

be noted that the term "hologram page" and means the same thing as
sitindtederencefingesstarmned byienesisradiationof signat ight-angd referenee

light. In other words, this hologram page is be defined as indicating the
pixghafestddtaincréaicht Whic éambeé recsrded 6adhe hologramaeeording

medium HM. h thegresept embodiment, in addition to high-,densitg

recSrditiy refiti n‘élv{%eréaﬁ f5h intHE ards ocupied By wholSdram Bagé
giviyiththe aperture 6. the signal light is pravided withphase modulation of . .,

"0" and "7r" (binary random phase pattern) as with the phase mask 102
one deseribest earlienwith reference:tpd-ig 64, therghyrsuppressingtheDGorth
component generated at the time of signal light being cast on the
(whgpfogram récoiing:-irredivia $M swhéreby ultipEkéd recordingaofrling is
hologram pages can be rebalized and recording L
performed s0 as to enable cases where shifting cof the
reproducéd image occurs in increments smaller than pixels to
be handled as well. TFor example, in the event that the
over—-sampling rate is set to 2 x 2 = 4 times (i.e., one data
pixel worth of image is to be received at a region of 2 x 2
= 4 pixels worth at the image sensor 11), an image signal
having fourfold resolution will be output from the image

sensor 11.

Though omitted from description with reference to the
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S0O9P0963 density improved. With the present embodiment, phase
modulation corresponding to the phase mask for realizing such

high-density recording by multiplexed recording is performed by the SLM

4. Fig. 3 is a diagram primarily illustrating the internal configurati%ﬁ ofo63
the SLM 4 and intensity/phase control unit 12 which are shown in Fig. 1.

Note that in Fig. 3, along with the laser diode 2 and hologram recording
medium HM are illustrated light emitted from the laser diode 2 and guided

to the SLM, 4, and light guided to the hologram recording medium HM via
e o H e B e iy 1

per A3 NRICk perorms intensity mogdulation to generate the-ahque-described 4
signal light and reference light, and a phase modulator 4b which subjects

and thenhght sudajected folintensity amigdudaticmby thie intensity maodulatoy 4a4o
phase modulation, With the present embodiment, a transmissive liquid

(P2 Ryl el capable BF phase mottfatioh VatablesihGRcrafiferts BRBpixeRS -

oz SLURRG0Y the phase modulator dby, - Alquid crystgl panel.capable of
““'Slch phasé modulation variabte ifi increments of pixels ¢an bé realized by

ansinterpal liquid, crystal deviceaving-a configuration based,endhe idea:

illustrated in Figs. 4A and 4B. Fig. 4A illustrates the state of liquid crystal
the maleculds mith/neegniving voltageiapplied to thé diguidicrystabdevice within

SO9P0963
diameter of the signal light is reduced by the aperture &
having been provided, thereby achieving high~density
recording in accordance with reduction in the area occupiled
by a hologram page on the media. It should be noted that
the term "hologram page” and means the same thing as
interference fringes formed by one irradiation of signal
light and reference light. In other words, this hologram
page is be defined as indicating the smallest data increment
wniich can be recorded on the hologram recording medium HM.

With the present embodiment, in addition to high-

density recording relating to reduction in the area occupied
by & holcgram page with the aperture 6, the signal light is
previded with phase modulation of 70" and "n" (kinary random
phase pattern) as with the phase mask 102 described earlier
with reference to Fig. 64, thereby suppressing the bDC
component g¢generated at the time of signal light being cast

on the hologram recording medium HM, whereby multiplexed

recording of hcologram pages can be realized and recording
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the liquid crystal panel (i.e., a state where the driving voltage is off), and
Fig. 43 illustrates the state of the liquid crystal molecules with a
predetermined driving voltage applied to the liquid crystal device (i.e., a
state where the driving voltage is on). As can be seen from these S09P0963
drawings, the liquid crystal molecules exhibit horizontal orientation in the
state with the driving voltage off shown in Fig. 4A, and the liquid crystal
molecules change to a vertical orientation in the state with the driving
voltage on shown in Fig. 43.. . Now, expressing the refractive.index of
1o TS A ovidlL St n B e DA e e ot e
modWheniinthe horizoniaherientation due te.the-driving yoltage being offias,
"nh" and the refractive index when in the vertical orientation due to the
sucldrivingtvoltage beingren asdnviy ang the thickness<of the: tiquid ionystals
device as d, the amount of change in phase provided when the driving
per yplEGE ioff e R, And the amount of change in phase provided
when the_driving voltage is on is"d x nv". Accardingly, the phase .
diftérénce AR vihich Ean b SYBUERH b orvuk of the driifg vBltagd e mal

con£Xpressed by And =idx By dpx BV 1 ABLAR be ynderstood fram this up s +

relational expression, providing a predetermined phase difference in
12 increimenis=ofgdixels can beirgalized bytadjusting the thickness #, ofdtheng
S0O9P0963 liquid crystal device.
with the laser diode 2 and hclogram recording medium HM are
iliustrated light emitted from the laser diode 2 and guided
to the SLM 4, and light guided to the hologram recording
medium HM via the SLM 4.

As shown in Fig. 3, the SLM 4 has an intensity
modulator 4a which performs intensity modulation to gesnerate
the above-described signal light and reference light, and a
phase modulatcer 4o which subjects the 1ight subjected to
intensity modulation by the intensity modulator 4a to phase
modulation. With the present embodiment, & transmissive
liguid crystal panel capable of phase modulation variable in
increments of pixels is used for the phase modulator 4b.

A ligquid crystal panel capable of such phase medulation
variable in increments of pixels can be realized by an
internal liquid crystal device having a configuration based
on the idea illustrated in Figs. 42 and 4B. TFig. 4A
illustrates the state of liquid crystal melecules with no

driving voltage applied to the liguid crystal device within
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The phase modulator 4b according to the present embodiment is set such
that the phase difference And - 7, for example, by adjusting the thickness
d of the liquid crystal device. Thus, driving voltage sw tchover of on/off is
performed for each pixel, thereby enabling light phase modulation witly #7963
two values of "0" and "7". Also, enabling modulation of phases "0" and
"n" between the driving voltage on at a predetermined level and the
driving voltage off, means that the phase can be changed in steps from
"0".to "7".by controlling the driving voltage level in steps to the o
theprel e elr(rjniégg Fé“\/%]k. I'(—ﬂ)oarne%%m e, fnodufa%%n%vi%%g b atg%‘ﬁ?/ax%g% b
vofeplized withea driving yoltage lemel of 1i2thateftthe ahove-predetermined
level. Returning to Fig. 3, the SLM 4 is configured with the phase
1igmiodlutater4b, capabte-oflperforiihg phase thodulationsor eadh-pixel,
formed integrally with the intensity modulator 4a. That is to say, the

Vol @fsifRnod@ator datarfd thePphasehbatifatordbidresntelrally-formedate

wheggch_%hat ﬁggh fﬁthev%i %Is oef th((e5 inotglnsity @odulatorAa and each of thte}_l
bixels St the phasd modulator 45 atdh in ralige in'a Site-dfisohe: - ° +hese

draRositignalyglationSuch astructure allows phase modulationto e - -+

performed on the light which is to become the signal light and reference
or 1 #ghtzohtained:bytpassingtheought thetintensity. madylaton4aquith a phasewn
~ S0O9P0963 modulation pattern strictly matching in increments of pixels.
1n Kote thek with e Présent@xample the Feason hat thisplidse wiedalater
4b capable,of variable phase modulation in increments of pixels is used
ver olrcpaiﬁpascérrﬁceftliluﬂaﬁ'[lgicj)”r?,maslé1 phdse %ta%%isw tﬂ%llé\;\}g. ﬁﬁﬁ?ﬁ?ﬁe Ef’sltage
on EeEoKdingthe;signaldight is subjected to phase modulation with the binary
random phase pattern of "0" and "n", in line with suppressing he DC
componenkas ¢ha phase maskehutawith the presert embedisnent -atithe
time of reproduction, all pixels n the signal light area A2 have to be
CrYpERAdEEWiE D prédeterminbd piaseEpetifisalft phasé enadfationtefve
"7/2").in order to. add coherent light, which will be described later. From

ik Pardpettive, With e G2 6t the prESert enfBbditent: phagss 4+ ving
vo 1 PEQMded to,thesignal light.area-Az haye tq.be capahle of being. switched,
between when recording and when reproducing, and accordingly, the

the phase modulater 4b capable of variablemphasemedulatien has tebessed. on
as "nv", and the thickness of the liguid crystal device as d,
the amount of change in phase provided when the driving
voltage is off is "d x nh", and the amount of change in
phase provided when the driving voltage is on is "d x nv".
Accordingly, the phase difference And which can be provided
by on/cff of the driving voltage is expressed by

And = d x nh - d x nv.

As can be understcod from this relational expression,

providing a predetermined phase difference in increments of

pixels can be realized by adjusting the thickness d of the
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Also, with the present embodiment, at the time of recording, a

predetermined data pattern called a "sync" is inserted in the signal light,
following a predetermined recording format. Specifically, with the

recording format according to the present embodiment, the syncs aral2F0963
inserted in the signal light area A2 at predetermined equidistant pixel

intervals. More specifically, the size of each sync 30930963 in this case is

4 x 4 pixels. Syncs are placed at predetermined intervals of i sper in both

& har. I dlr C nd vertical direction within the signal light area A2
Lig ELee géor‘% O%) fgr example.  Syncs, such as described earlier

with eeferense takig: 170; are used forddentifying the: pasitien of data
pixels in image signals regarding the reproduced image obtained at the
embiviagesenser Fewhenecéprodacinghe mmo@émﬁibe@ phase = =,
modulation as a phase mask, and signal light generating o eratlons
for f&%@ﬁ‘ﬁ& S reCdrdity oAl Gré Pealized &9ntensity/p %eéﬁfﬁf&
o SE ,12dshown in Flg 3 controllm the |ntqn5| modulatq[ 4a and tP
¥ bhase modurator 4b of tHe gtﬁ?l 1R Fig. 3, 3R6 intensity/phase control
is pBitAZ/ipclydes anenceding.unit 1@}?«3‘%@99'@&%"1&@193” '%@f@'tizﬁhase
modulation driver 17, a phase modulation pattern generating unit 18, and
modalphasermedulationdrivercl®alues of 0" and "n".

n/off

Also, enabling modulation of phases "0" and "a" between
the driving voltage on a2t a predetermined level and the
driving voltage off, means that the phase can be changed in
steps from "0" to "mn" by controlling the driving veltage
level in steps to the predetermined level. For example, a
modulaticn with a phase "n/2" can be realized with a driving
voltage level of 1/2 that of the above predetermined level.

Returning to Fig. 3, the 3LM 4 i1s configured with the
phase modulator 4b, capable of performing phase modulaticn
for each pixel, formed integrally with the intensity
modulator 4a. That is to say, the intensity modulator 4a
and the phase modulator 4b are integrally formed such that
each cf the pixels of the intensity modulator 4a and each of
the pixels of the phase modulator 4b match in range in a
cne-~on=-one positional relation. Such a structure allows
phase modulation to be performed on the light which is to
become the signal light and reference light cbtained by

passing through the intensity modulator 4a, with a phase
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First, at the time of recording, recording data shown in Fig. 1 is input to the
encoding unit 15, and this recording data is subjected to predetermined
recording modulation encoding processing following the recording format.
For example, as a commonly-used sparse code in hologram 509P0963
recording/reproducing, 1 byte (8 bits) of recording data is converted into a
square block-shaped data array of 4 x 4 - 16 bits. This 4 x 4 = 16-bit data
array is called a SO9P0963 "symbol", and is the smallest increment of

ording code, At tr%e time of record'gg, the . mapping unit 16 arr

O i datd bricb068 SR GicouinG OIS 1 the Sgrial TORTAraa s - PLreLs-

following the recording faumat, AL this time, the mapping unit 16, jnsefs the 1

above-described syncs at the predetermined interval __sper following the
phatecandiag farmat. Duedeadhis meap@ing pracessings nae hologram=page, in
worth of data pattern is generated. = The mapping unit 16 performs such
inchfappirigof-datats the sighallight afes A2l ang alsersets piedetermsined
ixels in the referen(c:ﬁzﬁlgL ht area Al to "1" and other pixels to "0", and

PhagR TR e 12 o2 Gtk PN whBIGT the GBS afie AS aRE B fang-"e
- 1 o Quiwargs from the.perimeter of the reference ight area Al are &l "0}, and

moreover generates a data pattern of all valid pixels of the intensity
binmogdulaterda byrcombiningthis-data patiernwith the data-patters within

the signal light area A2.  The data pattern of all valid pixels of the
suptensitfodglatd 4z0Bpthus gereratetds Bappliedtodhe iftefsiti th the

modulation déi,ver 17, and th%intensit madulation driver 17 performs

P Gfiling Bt DI B the picels bf the'iténsfty mcaA&Or 44 bated bh this <SS
witH2iR Raftern; Agcordingly, light serving as, the basefor sigpal;ight that.has,

been subjected to intensity modulation in accordance with the pattern
preaceergingtedthenecerding-daiarand furtherdigbkseniguiation of
"m/2") in order to add coherent light, which will be
described later. From this perspective, with the case of
the present embodiment, phases provided to the signal light
area AZ have tTo be capable of being switched between when
recording and when reproducing, and accordingly, the phase
modulator 4b capable of variable phase modulation has to be
used.

Also, with the present embodiment, at the time of
recording, a predetermined data pattern called a "sync® is
inserted in the signal light, following a predetermined
recording format. Specifically, with the recording format
according to the present embodiﬁent, the syncs are inserted
in the signal light area AZ at predetermined eguidistant

pixel intervals. More specifically, the size of each sync
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S0920963 as the base for signal light that has been subjected to intensity
modulation in accordance with a predetermined pattern, are generated.
Also, at the time of recording, the intensity/phase control unit 12 performs
operations for driving control of the intensity modulator 4a, and also S09P03963
performs operations for driving control of the phase modulator 4b.
Now, the phase modulation pattern generating unit 18 generates a phase
modulation pattern to be set within the signal light area A2 of the phase

in %o‘dulator 4b,,ba5£dxoq the, redeterméneo(ls data ypattejin set beforehand, in

S edse 18 QLS , S o area o e =}
order to perform phase moddiatsH as ayﬁhase imssk 11 1é cdse of the

preBEGSERL embodimentas well the phase madylation, paiternsepving asthe

phase mask, has a binary random phase pattern set. Also, the phase
di r suoditationpatiern genetatiyunit: 18 generaiesa predetemmingd phase

modulation pattern as the phase modulation pattern to be set for the
arezefdrencedRht afsa Al’6f thephase médulatorabrle .The phase

maqdulation gtt?rrn enfratirtl:g,é%nit 18 then geneygﬁaghase modul_atiojy,
pattery for all Valid Hixels of the ptiasehodtiatdt 4t by combimig the” =9 -
70, Phase madylation paiterns for.the signal tB%'}Iia{ eafzgnditeference light 4
area Al generated in this way (control patterns of corresponding pixels). At
imadhis dime; pixels-other thanythose in the-signaldight areaAZ2landiretefenee the
light area SO9P0963
image senscr 11 when reproducing.

The above-described phase modulation as a phase mask,
and signal light generating operations following a recording
format, are realized by the intensity/phase contrcl unit 12
shown in Fig. 3 controlling the intensity modulator 4z and
the phase modulator 4b of the 3LM 4. In Fig. 3, the
intensity/phase control unit 12 includes an encoding unit 15,
a mapping unit 16, an intensity modulation driver 17, a
phase modulation pattern generating unit 18, and a phase
modulation driver 19.

First, at the time of reccrding, recording data shown
in Fig. 1 is input to the encoding unit 15, and this
recording data is subjected to predetermined recording
modulation encoding processing following the recording
format. For example, as a commonly-used sparse code in
hologram recording/reproducing, 1 byte (8 bits) of recording
data is converted into a square block-shaped data array of 4

x 4 = 16 bits. This 4 x 4 = 1lé-bit data array is called a
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Al can be set to a value corresponding to the phase "0", for example. The
phase modulation pattern generated in this way is supplied to the phase
modulation driver 19.  The phase modulation driver 19 performs drivin
control of the pixels of the phase modulator 4b based on the phase 509F0963
modulation pattern supplied from the phase modulation pattern generating
unit 18- Thus, phase modulation can be performed with binary random

phase pattern serving as a phase mask on the signal light ultimately

" gyl ut frog}lwei%L%% al %@%Sligh;[_gg%%%gn otdu(l-%tiornet%yo ding code
Y i it i ing the )

predetérmined phase modulation pattern’is performed regarding t
referenceslightas well. -« cEheioHipUt image.abihie-ptansity modulator 4a
and the output image of the phase modulator 4b obtained in accordance
the tol#imoperationsiokthetintensity/phase contial Uit 12:whea redgrding, 11ight
described above, are the same as those described earlier with reference
arego figst B7AUNN 67 13 That Kooy as ShBwh in Fig: 67A 3 patfein the
map %l%re% 0&1@% 9 and "1"is Sob@;ged within tge scigrl%leli ht area A2 for tble

i

timage o? thleni%?ernsny modulator 4a. fﬁso‘,’ for the Feference igTFft ©
oredea Al intensity,moduylation is;performed basad-on the predetesminedsormat .

pattern of "0" and "1", thereby generating a pattern of "0" and "1" as
Due showntin Figs: 67 Arand:6¢3.eAlsoras fortke butpuyimageobithephase of
~ modulator 4b, SO9P0963
data pattern is generated.

The mapping unit 16 performs such mapping of data to
the signal light area AZ, and alsc sets predetermined pixels
in the reference light area Al to "1" and other pixels to
"0", and further generates a data pattern wheresin the gap
area A3 and portions outwards from the perimeter of the
reference light area Al are all "0", and moreover generates
a data pattern cof all valid pixels of the intensity
modulator 4a by combining this data pattern with the data
pattern within the signal light area AZ.

The data pattern of all valid pixels of the intensity
modulator 4a by thus generated is supplied to the intensity
modulation driver 17, and the intensity modulation driver 17
performs driving control of the pixels of the intensity
modulator 4a based on this data pattern. Accordingly, light
serving as the base for signal light that has been subjected

to intensity modulation in accordance with the pattern

according to the recording data, and further light serving
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it can be seen that "+1", "0", and "-1" are randomly generated within the

signal light area A2 as shown in Fig. 67A, due to phase modulation being
performed on the output image as a phase mask, with the intensity

modulator 4a such as shown in Fig. 67A. Also, predetermined phas§O9PO9°3
modulation is performed for the reference light area Al as well, thereby
generating the three values of "+1", "0", and "-1" which can be confirmed

here. Multiplexed recording of hologram pages has been mentioned

as arI| WhIC will be tou«iheldé%%n gre. %the %me of£ebform£negd o

| exed recorélnana |tIpJT ed recordlng of ologram gesis

int @ﬁéfQ{!}?e%@&{ pontindously, changing the patterns of referenae ighi s e q

(intensity and phase) each time when recording. Also, at the time of
patteprodueing reeording-mdltiplexed hologram pages, setting the reference
light pattern (intensity and phase) to be the same pattern as when

reGéiing, aflowsntehted hblogfamsHges to Hecreal lotit Sélektipalpse

Cot;lerent Addi g, s descrlbed above apolog{ 1
CONTESordingireprodudii g e Acording 1o the related BrtiwhicR kPt ©F

the INadiates reference kghtyyhen reproducing, is non-inear. inthat the;igager . -

sensor which obtains image S|gnals regarding the reproduced image does
driwnoh getest phase informationn Ihis problem obronrdinearity means that

with SO9P0963 recording/reproducing system according to the related

art ahe abéﬁuﬁéhﬁi@ (Ferdrmimet By thetsiArsf Hermshitting tagion ot

gen incident li t the apertu e%can only be reduced so tar, so.it E;alts begn
SAGHBH BTG (6 TEIob G- deR R Fording o SHlgha
sigﬁ%%”ggﬁﬂyegygéHﬁ& of the phase modulator 4b, based on the
predetermined data pattern set beforehand, in order to
perform phase modulation as a phase mask. In the case of
the present embodiment as well, the phase modulation pattern
serving as the phase mask, has a binary random phase pattern
set. Also, the phase modulation pattern generating unit 18
generates a predetermined phase modulation pattern as the
prhase modulation pattern to be set for the reference light
area Al of the phase modulator 4b.

The phase modulation pattern generating unit 18 then
generates a phase modulation pattern for all valid pixels of
the phase modulator 4b by combining the phase mcdulation
patterns for the signal light area AZ and reference light
area Al generated in this way {(control patterns of
corresponding pixels). At this time, pixels other than

those in the signal light area AZ and reference light area



Also, with a hologram recording/reproducing system, an arrangement

wherein at least over-sampling rate > aperture size  holds has to be
realized due to the Nyquist sampling theorem, and this restriction on

aperture size means that the over-sampling rate is not reducible beﬁﬁ%@gﬁ
predetermined level, so consequently, it has been considered difficult to
improve the data transfer rate when reproducing. The present

embodiment Sims to deal with this problem by enabling linear readout,

enabgng further reductioE in the aperture sc'lze and acccgédinglg enabgng
Al el Hg . ? £
?&rrt}herereaﬁctlotnolnathg%vléﬁsgr%%%ﬁgs Fate. ™ %Vl{:hothe pre ent of

exa®PIRodiment sygh dineaireadout isreplizadby.iradiating-coherentdight, way
along with the reference light at the time of reproducing. Coherent light

is weansikght whetéia thé amplitudb:dad phaselaremnaniforfn. Specifically,
the term "coherent light" as used with thegresent embodiment means

light 8f WhichthepRase s fiie SHmd phase a8 The retererice phiase ifih oL

- the reproduced 50930963 image ohtained from the hologram recordi
°f HSdigm inoagcgfdﬁan%%%% ira “lgjt%hoo rrel:%re%naci?éel|Cghrt),n and of \%ﬁ%:ﬁe

mod g infensity.is set-so as 1o begreates thamthe absolute valueefithe
minimum amplitude of the reproduced image.
pattern generating unit 18. Thus, phase modulation can be
performed with binary random phase pattern serving as a
phase mask on the signal light ultimately output from the
SLM 4, and also, light phase modulation by a predetermined
phase modulation pattern 1s performed regarding the
reference light as well.

The output image of the intensity modulator 4a and the
output image of the phase modulator 4b cbtained in
accordance to the operaticns of the intensity/phase control
unit 12 when recording, described azkbove, are the same as
those described earlier with reference to Figs. 67A and 67B.
That is to say, as shown in Fig. 67A, a pattern array of
bits "0" and "1" is obtained within the signal light area AZ
for the output image of the intensity modulator 4a. Also,
for the reference light area Al, intensity modulation is
performed based on the predetermined pattern of "0" and "17,
thereby generating a pattern of "0" and "1" as shown in Figs.
o7A and 67B.

Also, as for the output image of the phase modulator 4b,
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Note that here, the term "reference phase within the  oduced image"
means the phase of a data pixel which has been recorded with modulation
by phase "0" having been provided. In order to generate such
coherent light, the intensity/phase control unit 12 shown in Fig. 3 peﬁ@ﬁﬁ@gw
the following operations at the time of reproducing. Note that in the
description above, at the time of reproducing, the mapping unit 16 within
the intensity/phase control unit 12 generates a data pattern where just the
. reference light area Al is the same,"0" and "1" pattern as the time of
it Cr:éicr:lor%%gsaf%dj thé%gtﬁer fe%idnsngfe’alﬁ‘%g anc the‘a”lﬁteensgfhr/1 (ritnoén Wation
gendfiver.ly7 perarms driving control ofithepixels of the intensity moduylater
4a based on this data pattern. With the present embodiment, light is also
672 padsed thropgla the sigdalllight areavA2:as well; thenebyl generdtingoutput
coherent light with uniform light intensity. Specifically, the mapping unit
imaqe sets thePfeférenta fiht arelAl'te the "dreaiil 1y patidin fiecsamé aguch

the time,of recording, and fyrther generates a data pattern wherein the , ,
25 S8 retfort ofthe Sigrial IGNE rea A3 & 561 0990065 15 2~ 7o+ 107

is predetermined valug,ather than. 0: andall gtherregions are set tq 10"
This data pattern is supplied to the intensity modulation driver 17.

the Nawy atdhe infensity mbodulator<a, the traasmissivity s changedaing *-1
accordance with the diving voltage level of each pixel. That is to say,

whighstegd oPBinaRyValtiBs 8f e 16t "1, the transmissivity can be changed

variadt1)le, fr(nim "0" to "1". In acc?r ance with this, the intensit

moddiatsn el I7amves he rdfevaht pkerat & afiving Voitage vel
neniMNSrein the ightintengity is maximum dn.accordance with e supplied: +he

from the mapping unit 16 (for example, in the case of 256 steps, a value
t imeowrespendingta r'2bam); antkdrivesdhe ¢elevantpixelat awdrivirg: ¥altage
level wherein the light intensity is minimum in accordance with "0". In the
receyditthaba predataiminedasiife éthep fidroneslassigred romithies 1y

h maeIPin%unit 16 as the data, pattern within tESes'g;nal Ijge?t area A2, thed
changetewithin tha ‘sigial fight-ared A2 & 18 intefSity mbdofitsr4a’ ard’
pha driyen atthe driying valtage. levelcorresponding to thatvalue by dhe, ¢
intensity modulation driver 17. That is to say, coherent light can be
rep obtained withardntensty wolrespardiag to dieovatue: assigaed froat thieng
mapping unit 16 within the signal light area 212.
the reference light pattern (intensity and phases)} to be the
same pattern as when recording, allows intended hologram
pages to be read out selectively.
Coherent Addition
As described above, a hologram recording/reproducing
system according to the related art which only lrradiates
reference light when reproducing is non-linear, in that the
image sensor which cobtains image signals regarding the

reproduced image does not detect phase information. This

problem of non-linearity means that with
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Thus, the intensity of coherent light can be variably SO9P0963 set by

values set within the signal light area A2 by the mapping unit 16, but
according to the description made above, a condition of the intensity of
coherent light is to be a value greater than the absolute value of the SCYP0263
minimum amplitude of the reproduced image. An intensity satisfying this
condition can be obtained by obtaining a value satisfying the above

conditions as the result of experimentation regarding the values set at the
macpfér;gg/unit 16 heforehand an the inten%itﬁy

recgr reproducling .Syste cCor qugQEgﬁgﬁggifgggped T
ereby, anopa55|gn|ng Thig Ve o e Setwithin the signallig tarca A2

t he Figh oA schematically dlusirates-ansoutput image otthentepsity modulator
4a obtained based on reproduction operations of the mapping unit 16 and
trairdedsityimodulationdrivér 17 asdescribedrabove: Withe Fige &A; amplitude-an
of "1" is represented b£y white and amplitude of "0" is represented by
onlyldek, afd'acesrdity foithe above HedeRpiisitit e e GRdardtoodthac it

the ilgnal I%ht area A2 transmits Ipht b?énthe signal light area A2 bein

to driven %?/ a r(rj\ﬂﬁé}‘ ggﬁégté/ of & %Pea%lfélr iF]gd evel i ﬁ&%ﬁeacgé:seLi%g

med Shewiwvherein the value of the entire signal light area A2 is "1", so the
entire region of the signal light area A2 is white. Also, the "0" and "1"
pattesn, the same:as withdhecase ob recording cisobtained fordhetem, an
reference light area Al.

arrangement wherein at least

cver-sampling rate > aperture size

holds has to be realized due to the Nyguist sampling
theorem, and this restriction on aperture size means that
the over-sampling rate is not reducible beyond a
predetermined level, so conseguently, it has besen considered
difficult to improve the data transfer rate when reproducing.
The present embodiment adims te deal with thils problem by
enabling linear readout, enabling further reduction in the
aperture size, and accordingly enabling further reduction in
the over-sampling rate.

With the present embodiment, such linear readout is
realized by irradiating coherent light alcng with the
reference light at the time of reproducing. Coherent light
means light wherein the amplitude and phase are uniform.
Specifically, the term "coherent light"™ as used with the

present embodiment means light of which the phase is the

same phase as the reference phase within the reproduced
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SO9P0963 Also, in Fig. 3, at the time of recording the following
operation is further performed at the phase modulation pattern generating
unit 18. That is to say, the phase modulation pattern generating unit 18
generates a data pattern for the reference light area Al of the phase S028P0963
modulator 4b as a phase modulation pattern the same as with the time of
recording, and further generates for the signal light area A2 a data pattern
wherein the entire region is filled in with a predetermined value. The

' hase modulation pattern generating unit 18 then combines these data

10 e BT e TeiE Btk for 1 VAR FIKelS B g d ottt 4t

acc8Rd sHpplies this tothe phase modulation-diver 19. 1 ; o The phase ¢ i cn
modulator 4b also is configured so as to be capable of driving each pixel

the vatiahly #1 agcordanree: with the driving/oliage tevel dhasame=aswib 1he «
intensity modulator 4a. That is to say, the phase can be variable changed

valfrentiD" b enmior eaeh pixed lin teesrdahce hthrike drivireevoltatedevel.
Accordingly, the phase modulation driver 19 is also configured so as to

driv8 'ach 6t thé Bixels of the phaSe nGi&OT 46 &t 3 diRinG voltdge
rep QVg]aLa vajue from, 0 1p."1- (in fgﬁlqga%tg P5.¢for, example) from the phase, ,

“ modulation pattern generating uni In the event of filling in the signal
beeflightarea2iwith arpredetermineskvalye phaecordamnce.with acdatapattern

generated by the phase modulation pattern generating unit 18
provided.

In order to generate such coherent light, the
intensity/phase control unit 12 shown in Fig. 3 performs the
following operations at the time of reproducing. Note that
in the deszscription above, at the time of reproducing, the
mapping unit 16 within the intensity/phase control unit 12
generates a data pattern where Just The reference light area
Al is the same "0" and "1" pattern as the time of recording
and the other regions are all "0", and the intensity
modulaticon driver 17 performs driving control of the pixels
of the intensity mcodulator 4z based on this data pattern.
With the present embodiment, light is also passed through
the signal light area AZ as well, thereby generating
coherent light with uniform light intensity.

Specifically, the mapping unit 16 sets the reference
light area Al tc the "0" and "1" pattern the same as the
time of recording, and further generates a data pattern

wherein the entire region c¢f the signal light area A2 is set
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S0O9P0963 as described above, the phase modulation driver 19 drives the
pixels of the signal light area A2 of the phase modulator 4b at a driving
voltage level corresponding to that value. Accordingly, the phase of the
coherent light obtained by passing through the signal light area A2 caR$RC 963
variably set in accordance with the above predetermined value.

Having the same phase as the reference phase within the reproduced

image as described above is a condition for the phase of coherent light. In
order to achieve such "same phase as gl]e ret%e,nce phase within the

h
o ‘?eﬁjrléﬁggé:de ﬁﬁgﬁéa, in'the BveRt tHat th 6ﬁase of glﬁg(effolwﬁi%l e
reqMadulafion ofphasg "0 has begn provided py the phase madulator.db at,

the time of recording is such that reference phase - "0", the value of the
the phaseto:he prevdded tothe-caherenrtdight (within the signal light area A2)
by the phase modulator 4b should be "7t/2".  The reason that phase
mddulaticr: o2 1is provided e ieudatierentliight i:&s followsTWithithet v
ologram recording /reproducing method, a phenomenon occurs wherein

, ho .
15 GPHEHite OF cASHHY 4 Tefefertellight OR & Adogfant Yecstding hgdiunt -
ez cHIM 10 gbtain a;reproduced image, the phase 0&@%&%9&:%@&99 £ omQy

shifts from the phase of the recording signal by n/2 (see Kogelnik, H"
or Cpuplethwave :5Q9PE968F ity can be changed variable from "0"
To "17.

In accordance with this, the intensity modulation
driver 17 drives the relevant pixel at a driving voltage
level wherein the light intensity is maximum in accordance
with 71" supplied from the mapping unit 16 (for example, in
the case of 256 steps, a value corresponding to 255"}, and
drives the relevant pixel at a driving voltage level wherein
the light intensity is minimum in accordance with "0". 1In
the event that a predetermined value other than "0Y is
assigned from the mapping unit 16 as the data pattern within
the signal light area AZ, the pixels within the signal light
area AZ of the intensity modulator 4a are driven at the
driving voltage level corresponding to that value by the
intensity modulation driver 17. That is to say, coherent
light can be cbtained with an intensity corresponding to the
value assigned from the mapping unit 16 within the signal
light area AZ.

Thus, the intensity of coherent light can be wvariably
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theory for thick hologram grating”, Bell System Technical Journal, 48,
2909-47). From this point we can see that the reference phase within the
reproduced image does not remain at "0" but is shifted by "n/2", and
accordingly the phase to be provided to the coherent light should beX&tT6 263
"n/2" as well. Accordingly, at the time of generating coherent light,
modulation of phase "7t/2" should be provided to each pixel within the
signal light area A2 by the SLM 4 (phase modulator 4b).  In order to
rovide such modulation of phase "n/2", "0.5".(in the case of steps, a
ot om0 (5 18 albiendd 22 he Sae withriné Sondl I
mapReRAZPYyithe phage modulafion; pattern generating &Pﬂﬁ@i QM nade above,
reference, Fig. 5B schematically illustrates an output image of the phase
a conatutaton4b pbtaired by @peiationsiof thé phase niadyitationpatterpe a
generating unit 18 and phase modulation driver 19 described above. Note
va lifatdn Fig: BB, Eriplithde of D=1 18 Fepraserited By viite, Bimplitude of "0"
IS represented by gray, and amplitude of "-1" s represented by black. . .
e g pEhaior S THE Anaiihise CoMEM RS ot Beccnbed o
=n1 8boye.Atthe time,af reprodycing, along with the reference dight, a
coherent light is also cast on the hologram recording medium HM, this
sat Celigrany light=haing a phase whiehis the same as thel reference
SO9P0963 phase within the reproduced image and an intensity which is
eXpyFedtepianithe abseRite valielofehd mikifuns amplitude st thereferencelit

'm%g%. hatcif g%déax, with the present er?bodi ent, Whiri?r%lrepr duced

i
e }ior%age fs'Gbtaine coLrFeesp%rﬁa%%St%ﬁP{e Bata récordétto FolBgratn =&

the feERFding-medium KV Ry, irradiation, of the.rgference light, on, the ether
hand, following coherent’light being cast on the hologram recording

sigmaediumdgiM, thig goherent light is guided to the image sensor 11 as
reflected light along with the reproduced image.

Fig. 5A schematically 1llustrates an output image of
the intensity modulator 4a cobtained based on reproduction
operations of the mapping unit 1% and intensity modulaticn
driver 17 as described above. With Fig. 5A, amplitude of
"1" 1s represented by white and amplitude of "0" is
represented by black, and according to the above description,
it can be understood that the signal light area AZ transmits
light by the signal light area AZ being driven by a driving
voltage of a predetermined level. In Fig. S5A, a case is
shown wherein the value of the entire signal light area AZ
is "1", so the entire region of the signal light arsa AZ is
white. Also, the "0" and "1" pattern, the same as with the

case of recording, is obtained for the reference light area

Al.
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At this time, the phase of the coherent light is the same phase as the
reproduced image, so the coherent light is added as a component having

the same phase as the reproduced image, at the time of imaging on the

image sensor 11. Accordingly, the image sensor 11 can obtain read&@?P0963
signals regarding the component wherein the coherent light has been

added to the reproduced image. Figs. 6 and 7 illustrate a reproduced
image following having performed addition of coherent light as described

above. Fig, 6 shows a case wherein the addition amount of coherent light
B brast 0 1) SancPFigh 7 Shovs o BAse WhiRiH e RAdiiG anfoiht 619

ope £OReraNt ight4s 1.9, (hasg o 1.0) Note that these diagramsllystrate the

amplitude of the reproduced image in terms of light/dark, with dark colors

pattepreserting-sroat amplituderand lightcolors SO9PAY63 represanting
great amplitude. With reference to these drawings, we can see that a

modphRBHPN deebidarice FiltEthetreeording tathfis properyoistamedai the
reproduced image in the case of adding the coherent Ii%ht as well. That is

Pati& sy, Hreproducedlifmag Propedy refiechifig the fecordéd BaRTS
moa QPLAINed ina gase o performying coherent addifion as well, NS0, o yicn

comparing Figs. 6 and 7, it appears that in a case of greater addition
the agiount of coherentlighy, thercenterofoverajeanteast is lowered, hayingn: 1
been shifted to the white side. This shows that the amplitude of the
Lighéprodacedimagaied beainiformly-armplified dves theentire regivhein 1s
roportionate to the addition amount of coherent light. Thus, in the

£11 586 b infatifatiny the Toherdt iRt albhg With the tefererce gt &t tig -on
pat I0E01ERIAUCINg, the, imagesepsar 11 canbe Made to petform rsadout,
0] e component w | u

fth p t where coherent light has been ad etfto the reproduced
to #PA@@ate data for all valid pixels of the phase modulator
4b, and supplies this to the phase modulation driver 18.

The phase modulator 4b alsc is configured so as to be
capable of driving each pixel variably in accordance with
the driving voltage level, the same as with the intensity
modulator 4a. That is to say, the phase can be variable
changed from "0" to "n" for each pixel, in accordance with
the driving voltage level. Accordingly, the phase
modulaticon driver 19 is also configured so as tc drive each
of the pixels of the phase modulator 4b at a driving voltage
level at a wvalue from "0" to "1" (in 256 steps, for example)
from the phase modulation pattern generating unit 18.

In the event of filling in the signal light area A2

with a predetermined value in accordance with a data pattern

generated by the phase modulaticn pattern generating unit 18
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With the present embodiment, an operation is performed wherein the

square roots of the values making up the image signals are calculated for

the readout signals (image signals) for the reproduced image to which
coherent light has been thus added, and the component of coherentdight ¢ 963
is removed from the square root calculation results. Removal SO9P0963

of the coherent light component is specifically performed by subtracting

the value of intensity of added coherent light from the value of the square

root calculation results. As one example, if we say that the miqi um,
25 QRRSTEIRC o PRTLSrod Rea THASE 076 aheinar heShtendity oF e

ne CORGLENL light is set t0;,Q. 1, which s greater thes the absalute value 0.078
thereof, this value 0.1 is subtracted from the square root calculation
modtesiltsr 4bNaw, desuriptionqilt betaade regardingseakzationditnear
readout by removing the coherent light component from the readout image
thakjgfalsief-repfodiicedimage + EolfereAtlffht By férforAfing S§0are rbdn T
calculation and removin%the cqherent light cor?p ne%t from the square
I opti

P ot calctiafiGrestits. " FIEt, i gensra, PoyStbfitin's ©2n e
va rNOlogramyecordinglreproducing device.is, of a sonfigyration based qn & 4f

optical system which has each of the SLM, object lens, media, ocular lens,
val@ad image sensor, placed so as to be distanced by the lens focal
distance. This is true with the optical system of the recording/reproducing
deVCEL D 8hEWA ik Fite TP well Fhis s a EoAfdiranen RaietE Fodiérin the
%nsfor Hologgram. With suc%a Fourier Transform H,olﬁiﬁm
[

Tr : Hol
TePLBHHG AL ORARE saries BF Gparations 3F Yécotding and' teproduing” €
pha dgsgribed aboye can beyunderstood ag follows. Thatisdo sucn vsame

phase as the reference phase within the reproduced image™,

in the event fthat the phase of a pixel to which modulation

of phase "0" has been provided by the phase modulator 4b at
the time <¢f recording is such that

reference phase = "0,
the value of the phase to be provided to the cohsrent light
{within the signal light area AZ) by the phase mocdulator 4b
should be "m/2".

The reason that phase modulation of "n/2" is provided
to the coherent light is as follows. With the heclogram
recording /reproducing method, a phenomenon occurs wherein
at the tTime of casting a reference light on a holcgram
recording medium HM to obtain a reproduced image, the phase
of the reproduced image shifts from the phase of the

recording signal by n/2 (see Kogelnik, H" Coupled wave
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809P0963 say, the recorded data pattern of the SLM is subjected to

Fourier transform and projected on the media, and the readout signals
(reproduced image) of the media is subjected to inverse Fourier transform

and project on the image sensor. The image sensor detects intensity 8fF0263
light wherein the absolute value of the amplitude of the wavefront of the

light input thereto is squared.  Based on this assumption, let us

consider a case of performing readout with only irradiation of reference

- light as with the related art, without performing such coherent addjtion in
<109 ot SO AR exEhna W be Rt ateerresin RREISHT the
JoufiEdmuELand gyaimum amplitudes of the sedordingdmage cartesprndings, o

to "+1" and "-1" with thé phase mask are 0.078 and -0.078, respectively.
ref AVith the abeve-assumption: the euiputvalue of thesiage-sensosdlremain
obtained in accordance with the maximum and minimum amplitudes of the
at técording infagerarétre same Valdé at 811E-3 oWhitH ig thersdlisgerhase to
. thereof, Thus, values equivalent tg ",Jr}é%agéij"-l," aregdetec}_ed at the same
Pe PEREEHHe TMagl 2ehSSHEEE %o regdrtitesd SHvfatever Signdlproféssing ®

we11S pedormedihereaiter, the lost phase. infarmation js,notaccuratelye - 15 gne,
restored. In other words, non-linear distortion has occurred. On the other

modhand; with the gasesef the resemlould be provided to each pixel

within the signal light area AZ by the SLIM 4 (phase

modulator 4b).

In order to provide such modulation of phase "n/2%,
"0.5" (in the casze of 256 steps, & value eguivalent to
"127") is assigned as the value within the signal light area
A2 by the phase modulation pattern generating unit 18. For
reference, Fig. 5B schematically illustrates an output image
of the phase modulator 4b obtained by operations of the
phase modulation pattern generating unit 18 and phase
modulation driver 19 described above. Note that in Fig. 5B,
ampliitude of "+1" is represented by white, amplitude of 07
is represented by gray, and amplitude of "-1" is represented
by black.

Due to the operations of the intensity/phase control
unit 12 as described above, at the time of reproducing,
along with the reference light, a coherent light is also
cast on the hologram recording medium HM, this coherent

light having & phase which 1s the same as the reference
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embodiment wherein coherent light is irradiated, a value SO9P0963
corresponding to the intensity of the coherent light can be added to the
reproduced image. Now, the coherent light is a DC component wherein

the amplitude and phase are uniform, and accordingly there isno S09P0%63
interference with the recorded hologram page. The coherent light following
irradiation of the media is added as coherent light having the same phase

of the reproduced image at the time of imaging on the image sensor 11

the reproduced image obtained in accordance with irradiation of the

©ha Féfeterickiight "That 1 f6°S4Y; S-pretietérnimed amphfiecviiad bak bk 19
gre204ed tohe ieproducedimage, Thus, we canses fiom Elgs, Aand L unator

this phenomenon has been demonstrate Now, It we say that the
the added amount ohgokerentrlight satisfyingsthe condition:of egreatessthan

the absolute value of the minimum amplitude of the reproduced image" is
embsdtitos0i L fomwéxarhple, adding dhie edmponent of=0.2he¢ therreproduced

image results in the maximum value 0.078 being 0.1782= 0.032 and the

cOr hiifiinfli vakie™0.078°béing b 625 A BE- A %ﬁ“@psﬂ%%@da@cféawdiﬂq
med&haegm; mrﬁlﬁgot%e nsor 11, In.this,case, the oytput oL the.image, sensor 11,15,

subjecte processing wherein the square root of the intensity read out

ot h#hwsis calculated and-ihe added sampongnt istemayedaAecardingly the
maximum amplitude 0.078 can be restored to the original value by 0.178 -

hol0¢r26.078¢amd they mimirhunm aliplitudel-0.078 earealso beatestared do ived
original value SO9P0963 by 0.022 - 0.1 = -0.078. Thus, with the present

Lo BitfbotfiA&ht, ifeaTeadoutivhérein frasslinforaistioh ddted by thet e

Phgse mask_is not lost, can be realized.
reprodiced 1made.

At this time, the phase of the coherent light is the
same phase as the reproduced image, =so the coherent light is
added as a component having the same phase as the reproduced
image, at the time ¢of imaging cn the image sensor 11.
Accordingly, the image sensor 11 can cobtain readout signals
regarding the component wherein the coherent light has been
added to the reproduced image.

Figs. 6 and 7 illustrate a reproduced image following
having performed addition of c¢oherent light as described
above. Fig. 6 shows a case wherein the addition amount of
coherent light is 0.1 (base + 0.1), and Fig. 7 shows a case
wherein the addition amount <¢f coherent light i1s 1.0 (bkase +
1.0). Note that these diagrams i1llustrate the amplitude of
the reproduced image in terms of light/dark, with dark

colors representing small amplitude and light colors
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Also, Fig. 7 illustrates a case wherein the coherent addition amount is 1.0,
in which the intensity information (0.078 + 1.0)2=1.162, (-0.078 + 1.0)2=
0.850 detected by the image sensor 11 have the square roots thereof
(1.078, 0.922) calculated, and the added amount is subtracted (1.07819F0963
1.0, 0.922 - 1.0), thereby restoring the original amplitude of 0.078.
That is to say, the only condition which the magnitude of the coherent
addition has to clear is "a value greater than the absolute value of the
. minichm amplitudc—;cof thelrggroguced image", so that there is no negative
*epjfoefgi%a ré&grd%fge%e i%{ne}?]sfty detection by the image sensor 11

(squaring) £ « JkhiS.Performing; the.coherentdighy addition ceadayt . 4

according to the present embodiment allows information to be correctly
pat teathoutevendn casas ¢that tethary informationiefamplitade & 1.5 O =and;
"+1" is recorded to the hologram recording medium HM. That is to say, in
obtagdiien 1o théamphitice0c s plitades 11" and "+ #Sinclillingfphiase the
informat'g\ %an be corrﬁitly read out, and linear readout can be realized.
op

SOl R of eratioliS describetabove with T’ predehf SOERIGE3 *Me9e
progmbodiment; the processing for calaylating the square raqtand for - . ¢

removing the coherent light component is performed by the data
of reprodueing wnidiB=shown indkigt 1ohhe interal configuration of this data

reproducing unit shown in Fig. 1 is shown in Fig. 8. The data reproducing

uNitIBPshoWwIRFigh 8 ifclddes & lingariZatiohTprebessing ulii20, an &

up-scaling unit 21, an equalizing filter 22, a resampling unjt 23, a data
35 iGN Uit oA a5 SPARE Cods odeoamFtint 2597 ¢/ © o
center of overall contrast is lowered, having been shifted
to the white side. This shows that the amplitude of the
reproduced image can be uniformly amplified over the entire
region, in proporticnate to the addition amount of coherent
light.

Thus, 1in the case of irradiating the coherent light
along with the reference light at the time of reproducing,
the image sensor 11 can be made to perform readout of the
component where coherent light has been added to the
reproduced image.

With the present embodiment, an operation is performed
wherein the sguare roots of the values making up the image
signals are calculated for the readout signals (image
signals) for the reproduced image to which coherent light

has been thus added, and the component of coherent light is

removed from the sguare root calculation results. Removal
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The signal processing for the above-described linear readout is performed
by the linearization processing unit 20. As shown in Fig. 8, the
linearization processing unit 20 includes a square root calculating unit 20a
and a subtraction unit 20b. The square root calculating unit 20a calc@fatés 963
the square roots of the values making up the image signals obtained by
the image sensor 11, and supplies the results to the subtraction unit 20b.
It should be noted that the image sensor 11 represents the intensity of
ight detected in amplitude values in predetermined_steps, such as_256
O SieboTor Exatiple. THA sqUTE 3ot Calctiating URIL 20 pororAis qUAvES oY
subfogicalgulationfoy the amplitude values. of eaeh.of dhe pixels.ofthe imagg.
sensor 11.  Also, the subtraction unit 20b subtracts a value
f romorraspanding tathercohesentdight addition amaunt froom thessquatre rootas
values obtained from the square root calculating SO9P0963 unit 20a.
cne Spéeifiealy, the intensigrofthe eoh&rentlightinthisrease ts1set tofa the
redetermined value gre teé}han the absolute value of the minimum

“eP SRipiitide SftREFeproduced imagé S & Value WhereBy This tak b~ e
con&ancelled:optis set heforehand, and fhis valueds gk_‘@%t{%tf- Inagase .

wherein the minimum ampiitude of the reproduced image is -0.078 as with
absthe:exampledesciibed above sand thernntensity ok the, cohesentlight is-seid

to 0.1, which is greater than 0.078 which is the absolute value thereof, this
frofafue. £ @& sulstracted front tielvdlde bf dresshuae root.  Also, with the

Iinearizatign processing unit 20, linearization is obtajned regarding readout

sighials frofitthe imagesefsor 11 bttt ordérto reprbdute the fétotded °F
11ndata shown in Fig, 1, tesampling.pracessing bas to he perfarmed wherein,

the positions of each of the data pixels are identified from the image
the signalsooltaineddey thedineardzation-processing ;anththe-amplifvde values
of each of the data pixels are obtained, as well as data identification
L ighkocessingawhereinithe licvalues opu0r amll'at serayed wathih themoving
" hologram a}_re:{dergltified from the amplitude \1/qalues of the datagixels
T eo%%ﬁ&&?ﬂy ilght component rrom the sguare roo
calculation results.

First, in general, an optical system in a hologram
recording/reproducing device is of a configuration based on
a 4f optical system which has each of the SLM, object lens,
media, ocular lens, and image sensor, placed sc¢ as tc be
distanced by the lens focal distance. This is true with the
optical system of the reccrding/reproducing device 1 shown
in Fig. 1 as well. This is a configuration called Fourier
Transform Hologram.

With such a Fourier Transform Heologram configuration,

the series of operations of recording and reproducing

described above can bhe understood as follows. That is to
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theresampling processing, and further decoding processing regarding the
aforementioned sparse code. To this end, the data reproducing unit 13 is
provided with the up-scaling unit 21, equalizing filter 22, resampling unit

23, data S0930 963 distinguishing unit 24, and sparse code decodirfgPdaif 963
25. First, the up-scaling unit 21 is provided with the calculation results

from the subtraction unit 20b, i.e., the linear readout signals (image

signals) obtained from the linearization processing unit 20. The up-scaling

unit 21 ugscalest e readout signals to a predetermined scale b

S8Y ot AnibG Tt ESTaioT roRBLaRE o7 ExAIe Oh the rETI R SIS
~ors OIS haf it e fecoing,ieproducing leyice 1, according 9 he

present embodiment, as cribed earlier, over-sampling is performed in
reawich k dataapixel widh obimageiisireaeived withyhpixelsdivhere nsut)ekted
the image sensor 11. That is to say, the up-scaling unit 21 enables high
Lo igsolutivh Withifurther bpascalingonahel overcsampledimale sighatss Foensor.
example, if we say that the over-sampling rate is twaofold (2 x 2 = 4) and

o . e ) 8
1 tnd" g Sl Scalé S WoT6Id (2 %2 24). thdfreddféfibn %6 4 data piel
absWARh.0fimage can bg made 1o be fwofald 48&%?&@&@5%‘@”% kesg %“0”

in this way allows positioning in accordance with irradiation position offset
11 gettherreptoduceddmagedo e performed with higher precision.  The

image signal following up-scaling by the up-scaling unit 21 is supplied to

théegaalizing filker22 STheveguatizingfitter 22 receivésiinput of thesintae
per%icgrnr%lisnfg"%vggl otgg av?i?i\:/ﬁ ugﬁsiciiilig%k%ré%\év%{%fgrrgfeqru&lfiéipgnce light
as with the related art, without performing such coherent
addition in the present embodiment. An example will be
illustrated herein wherein the maximum and minimum
amplitudes of the recording image corresponding to "+1" and
"-1" with the phase mask are 0.078 and -0.078, respectively.

With the above assumption, the output value of the

image senscr 11 obtained in accordance with the maximum and
minimum amplitudes of the recording image are the same value
at ©6.1E-3, which i1s the square thereof. Thus, values
eguivalent to "+1" and "-1" are detected at the same value
at the image sensor 11, so¢ regardless of whatever signal
processing is performed heresafter, the lost phase
information is not accurately restored. In other words,
non-linear distortion has occourred.

On the other hand, with the case of the present

embodiment whereiln coherent light is irradiated, a value
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S0O9P0963 processing to prevent inter-code interference. Such equalizing
processing for preventing inter-code interference can understood as a
two-dimensional adaptation of waveform equalizing processing on
one-dimensional signals, which is widely employed in the fields of oftitaF0263
discs, communication, and so forth.  The resampling unit 23 obtains
amplitude values of each of the data pixels from the image signals

following equalization processing by the equalizing filter 22. That is to say,
upon having identified the positions of each of the data pixels in the image

COT SRR the dmphificd Valties &t BacH oPthe dita Pkt positions & ©=7 Pe
ada Q8! ‘%edcf?é‘er%@%g%ﬂ”o%!;Pff%‘éfg%%e”“% %Of%.*heep%%iﬁ%%%ﬁ{ftth 2 is a

pixels form the readout image sighals and obtaining the amplitude values
pC abeachehthedata pixel pasitions,is caled FasamphiRg: PEOCESSINGE bete,
With the first embodiment, processing using linear interpolation is
and performed ag such resamplingprocessing shig description oftheinternaled
configuration of the resampling unit 23 which performs this resampling

oL grg@askigYEnd speEific processing performen therebyFwillBe desdrivey ©F
the'%‘%ﬁ{%r tg% 5§§%é’cfi Cgrs‘;]’%”ci %%eg-m; EQre%%%ta'ndé%E”%J‘%*ﬂ{]‘eg %Q%%tpdhase
performs data distinguishing bit determination) based on t e amplitude
of Yaklesof theydata-pixels obtajned hy the resapwlingdit23.on the image
sensor 11 the reproduced image cbtained in accordance with
irradiation of the reference iight. That is to say, a
predetermined amplified value can be added fo The reproduced
image. Thus, we can see from Figs. © and 7 that this
phenomenon has been demonstrated.

Now, if we say that the added amount of coherent light
satisfying the condition of "greater than the absolute wvalue
of the minimum amplitude of the reproduced image" is set To
0.1 for example, adding the component of .1 to the
reproduced image resulis in the maximum value 0.078 being
0.178% = 0.032 and the minimum value -0.078 being 0.022° =
4.8E-4 in intensity as detected by the image sensor 11. In
this case, the output of the image senscr 11 is subjected to
processing wherein the scguare root of the intensity read out
thus is calculated and the added component is removed.
Accordingly, the maximum amplitude 0.078 can be restored to
the original wvalue by 0.178 - 0.1 = (0.078, and the minimum

amplitude -0.078 can alsc be restored to the coriginal value



S0O9P0963 Now, in accordance with the description made earlier, at the

time of recording, 8 bits of recording data are converted into a

block-shaped data array (symbol) of 4 x 4 - 16 bits by sparse coding, and

the symbols are mapped into the hologram page. This sparse 0&9@5)0963
involves taking just m bits of the 16 bits as "1", and the rest as "0", for
example. Thus, the data distinguishing unit 24 performs data

distinguishing (also called "sort detection") by taking the bits of the m data

by §ipishaving e greatest ampljude values out ofallof he datapixelsin,

Hatsymbol a5 "1", and'the res it va ned in

11 ndncrements of symRols by the data distinguishing pefgrmed i, incrementss o
of symbols by such sort detection, are supplied to the downstream sparse
mas kode decadihgamjt 2mn bFhespatse=cade decoding unit 25 inputs the

bit values in increments of symbols obtained as described above, and
petforms decdding of the sparsescode for @ack Bfmboll That it saycthe

ddg X 4 = 16 bits are, decoded in;o thg Of] ir@ 8 hits of dat%, thereb o
acc b ddaueiig iR récsordihog’da]tﬁ sHown'in Fig® 1+ &S acording datafé =+ o

(0. @bfained. Effects of Goherent Addition . ;With the recoedingfrepraducing ,,
device 1 according to the present embodiment which performs the readout

the usingeeoherentadditiormdescribed aboverthephase information (1.078,
SO9P0963

0.922) calculated, and the added amount is subtracted (1.078

- 1.0, 0.9%922 - 1.0}, thereby restoring the original

amplitude of +0.078.

That is to say, the only condition which the magnitude
of the coherent addition has tc clear iz "a value greater
than the absclute value of the minimum amplitude of the
reproduced image", so that there 1s no negative folding
regarding the intensity detection by the image sensor 11
{squaring) .

This, performing the coherent light addition readout
according to the present embodiment allows information to be
correctly read out even in cases that ternary information of
amplitude "-1%, "0", and "+1" is recorded to the holocgram
recording medium HM. That is to say, in addition to the
amplitude "07", ampiitudes "-1" and "+1" including phase
information can be correctly read out, and linear readout

can bhe realilzed.

Now, of the operations described above with the present
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recorded in the hologram recording medium HM can also be correctly

read out, thereby realizing linear readout. Realizing linear readout means

that restrictions on the aperture size, which the non-linear systems

according to the related art had, can be done away with. Doing awa§%ﬁ10963
the restrictions on aperture size in this way means that the only condition
determining the over-sampling rate and aperture size is the Nyquist

sampling theorem, i.e., the only restrictive condition determining the

oggr-sampll\%ﬁtrate and aperture. gézlg |§ attﬂact qvgg-sampémg rate > ggeg%ec

emb%.zemr‘?&‘ds. i tﬁigou%%se?sltgﬁdlng, we canusay tﬁglgby gnagl%%af"near

and 'eagdout.the.gonditians forthe.sapaplingtheorem 1o hecorrestlye r £o rmed
established are all present.  For example, with a system according to
by therelated arérarvaperiurg sizelaf drdundihas b&eén thel lowerHimit,
and further reduction has been difficult, but doing away with the restriction
intoRthe aperiie diza Meansthat BpértaretsizeSsrhaterthaf 2:6'¢an be
realized, This means that the over-sampling rate can also be reduced to
SROWY S lowet; drl?e o th%}lgfrﬁplfn% t]f;le%r'er%." Suac%ﬁ%gngﬁl#% of redUction in°

uni Sizeofthe apertyre-size, and reduction of the: averssamplingrate, enables. o

realizing of high recording density to the hologram recording medium HM
unianddmpsevethdatadiansfenrate: Figs. 9 and 2B Hlustiatef diagramsFor =
viewing SO9P0963
resampling unit 23, a data distinguishing unit 24, and a
sparse code decoding unit 25.

The signal processing for the above-described linear
readout is performed by the linearization processing unit 20.
As shown in Fig. 8, the linearization processing unit 20
includes a sguare root calculating unit 20a and a
subtraction unit 20b. The square root calculating unit 20a
calculates the sguare roots of the values making up the
image signals obtained by the image sensor 11, and supplies
the results to the subtraction unit 20k. It should be noted
that the image sensor 11 represents the intensity cf light
detected in amplitude values in predetermined steps, such as
256 steps for example. The sguare root calculating unit 20a
performs sguare root calculaticn for the amplitude values of
each of the pixels of the image sensor 11.

Also, the subtraction unit 20b subtracts a value
corresponding to the coherent light addition amount from the

square root values obtained from the sguare root calculating
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linearity", calculated using a simulator of a hologram

recording/reproducing system, which performs coherent addition readout
according to the present embodiment. Figs. 9A and 9B are diagrams
illustrating the results of comparison between the amplitude of readétit 20963
signals which should be obtained, and the amplitude of signals actually

read out by the image sensorThe amplitude of readout signals which

should be obtained is obtained by the input signal simply integrated in

. accaordance with the size of the pixe|. Also, the amplitude of signals ,
uns Scéﬁﬂy reat’ Sﬁﬁgﬁﬁﬁéiw";{get&%sbpﬁ?ﬁ thi¢ c8de IS 6btaimed Byt 119Nt

in Ealcylating he square root of thesignal oyt g the, m%gfg%%gst%rllthan

having been squared and integrated in accordance with the size of the
© he pixes ng-then sublrasting: a v aluerinageordance withsthedntensity of the
coherent light. Note that the "amplitude of signals actually read out by
rephelintage densot 118 has beehstbjgetatt it /colierentcaddition, amdahe Led
"signal input to the image sensor 11" has added thereto the coherent light

OUt bmpohentwhithi8 dfthe Sdife Phase B_HE réfréite st within thé

e ad image an er t solute yalue of | inimu
e e LR T e

is horizostakaxis represeatsdhe amplitudaseftheseadeutsignal yvhieh e

originally should be obtained, and the vertical axis represents the
intanplitudes SOIR0IRZ 6f:the signialattually $edd ot By the infaigesersor

11, with the relation therebetween plotted. With the simulator in this )
STCRREE, dripixél of the ELVFA is Bivided it £6 %16 BIDEKS, anddis6 dne =" s

ixel of the_| 1j t size pf 8 x 8b s,.as.with th

T i SACIator Shin T Blgs TEA S 0 T T By e 22F

over-samplingratenis 210 times{(over:samphng-efe2 x23. Ia-this case as

well, integration is performed with the understanding that only the region
LinektherBkBoblotks abtheicenterportion bf.thereselpixel efitbedmhagérom the
. sensor 11 is valid. This condition has been set based on the actual fill
1ma%§n§€8ﬁﬂéi%%ge%%ﬁs&ﬁlﬂfdef to reproduce the reccrded data

shown in Fig. 1, resampling processing has to be performed
wherein the positions of each of the data pixels are
identified from the image signals obtained by the
linearization processing, and the amplitude values of each
cf the data pixels are obtained, as well as data
identification processing wherein the bit values of "0" and
"1" arrayed within the hologram are identified from the
amplitude values of the data pixels cbtained by
theresampling processing, and further decoding processing
regarding the aforsmentioned sparse ccde. To this end, the
data reproducing unit 13 is provided with the up=scaling

unit 21, egualizing filter 22, resampling unit 23, data
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Also, in this case as well, the aperture size has been set to the 1.2 x 1.2 of
the Nyquist aperture size. Moreover, in this case as well, no intentional
positional shifting of the recording image has been performed in the
simulation. Fig. 9A illustrates the results of a case of no phase SO9P0963
modulation as a phase mask at the time of recording (case of no phase
mask), and Fig. 95 illustrates the results of a case of performing phase
modulation as a phase mask at the time of recording (case with phase
. _mask)..As_can be understood from comparison with the "diagrams, for

s R ey Tt A AR T e e T T pr Sk € 25-
embadiment wherg,caherent,addition readout is,perfarmed., fhe valugs of
the vertical and horizontal axes almost perfectly SO9P0963 match for

cal boflecases ofmumask £ with mask, andtapproxXimmately perfectlinearigy. is the
obtained. The simulation results in Figs. 9A and 9B here as well show that

LinfRg&arieadsiitis enabfecEby pBAcitifg $He edhereht additen REESrdingto

linthergrzeseing%mbggic%e%t., I@esarggjﬁin% E’VOC%SQ“QJU?Jng inear e o1
?r?terpo?attlon (rgsampﬁnglp%cgssing acCordlngeto firstem %Hﬁhélnrbli)

up- Regouling Format, o Next the resampling procgssing accarging toithey,
first embodiment which is performed by theresampling unit 23 shown in

per FgBiwidl hendesgrsibed; with refesercestorkeigs £H0-thraugip 16, on the

readout signals.

Note that with the recording /reprcducing device 1
according to the present embodiment, as described earlier,
over-sampling is performed in which 1 data pixel with of
image 1s received with n pixels (where n > 1) of the image
sensor 11. That is to say, the up-scaling unit 21 enables
high resclution with further up=-scaling on the over-sampled

image signals. For example, 1f we sdy that the over-

sampling rate is twofold (2 x 2 = 4) and the up-scaling
scale is twofold (2 x 2 = 4), the resolution as to 1 data
pixel worth of image can be made to be twofold 4 x 4 = 16.

Improving resolution in this way allows positioning in
accordance with irradiation position offset of the
reproduced image to be performed with higher precision.

The image signal following up-scaling by the up-scaling
unit Z1 is supplied to the equalizing filter 22Z. The
equalizing filter 22 receives input of the image signals

following the above up-scaling, and waveform egualizing



First, we will consider again a data array in a hologram page based on the

recording format described earlier, with reference to Fig. 10. Fig. 10

illustrates an example of a data array in the signal light area A2, wherein

the minimum laying increment is set to 1 symbol (4 x 4 = 16 pixels), He?FC0963

sync interval i_sper is set to 24 bits (pixels), and the radius i rad of the

signal light area A2 is set to 156 pixels.  In Fig. 10, a whiteout portion

indicates an area surrounded by four syncs, a wavy line portion indicates

an area surrounded b% three syncs, a diagonal IiPeZportion indécat%s. an
Progfsdiitounded k?yvtf\a/votsyﬁqc%, a s%?edeeneon goe?ﬁor? ndicatés an area

equsdroynded.by.ope syng, and-a SQ9ENRE63 blackportion idicates.are rence

area net surrounded by syncs, or a sync itself. As shown in Fig. 10, with
canthenreeording foramat accarding to=the jpreséntemhaodiment; in thevsigadb rm
light area A2, most areas are areas surrounded by syncs at four corners
equiher&af BUPCHE DUtErpetipherd poHisH 6f thesig fdl g At dreai 2. Sheres
; g&re areas.not syrroun dbys Ecs at four corner thcgreof. As patterns of
WY arH TS ard thTEE paRBITSIn otal ™ 62 SRsE MG three of the

comdQUr corners,are syrrounded by syncs (the wavy line portion), those where
two are surrounded by syncs (the diagonal line portion), and those where

ontyhene-isssuiroundedbyia syic (he screenedportion)e values of each
of tThe datea pixels from the image signals following
egualization processing by the egualizing filter 22. That
is to say, upon having identified the positions of each of
the data pixels in the image signals, the amplified values
at each of the data pix@l positions are obtained. The
preocessing for this identifying of the positions of the data
pixels form The readout lmage signals and oktaining the
amplitude values at each of the data pixel positions, is
called "resampling processing” here.

With the first embodiment, processing using linear
interpolation is performed as such resampling processing,
but description of the internal configuration of the
resampling unit 23 which performs this resampling processing,
and specific processing performed thereby, will be described
later, for the =ake of convenience.

The data distinguishing unit 24 performs data
distinguishing (bit determination} based on the amplitude

values c¢f the data pixels obtained by the resampling unit 23.
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In Figs. 11 and 12, as with Fig. 10, the whiteout portion indicates an area
surrounded by four syncs, the wavy line portion indicates an area

surrounded by three syncs, the diagonal line portion indicates an area
surrounded by two syncs, the screened portion indicates an area 509p0963
surrounded by one sync, and the black portion indicates an area not
surrounded by syncs, or a sync itself. 2) Detection of Sync Positions

First, a technique for detecting a center position of a page will be

exgllqai_réed with r%fereant 0 I@g Il. (Petectiorlt 9fo themcaegéer e%osi't;il_ogrof th% che

Now coQrdance w e gdeicri
‘bage is per ormed as rough alignment of the entire page, With a cefiter

£ 1mSYRE RAsitioned, SO QI635Q-as 10-be AsyAbal positionat the,center gf

the page, as a reference. By performing such rough alignment of the
intentiré page;-asiathe past; the: search fapgétar)performing detecting bf.ts

sync positions, which will be described later, can be narrowed down, and
DY HeERInGHy,TealcticHn the TafttfktivhproEssiig kid during thesync

sition detection, and reduction in a detection time, can be realized.

. po
ho*%]‘c%mbo%ﬁ%%"detection of a page center is performed using multiple syncs

seleated with reference 0,a syne which shaouid be-detected at the page he

center. Specifically, as shown in Fig. 11, the detection of a sync position in
16 dhe eenter islperfarmed-using ame syncsif fotabinchkiing-the syntiimthe the

page center and the nearest eight syncs around the sync. In other words,
datghée' deteetigh b a'syfic Positionin B EErtaP istFerforiet-isiag hine ng

(a1 SYNES Inotal @ég‘é’%d?ﬁ%t‘?‘es&l%é%ﬁﬁ‘a &ot3 Zéfﬁé%sr."&»ﬁ‘g tB%%g”%%‘ ﬁhee m
center. ~ “As a Spécific procedure of the sync position detection’in this

dat&%?x@% %I%Qﬁit}%‘ ‘Q’H%r S¥Re E‘;ta Papge f@ﬁ%_%‘&y@e@ B@§e_8_tfina11
the image signals subjected to equalization processing by the equalizing

of ditter 22 ts:egtimated from the recopding fosmat” Cofretationvaduessst as
between amplitude values in the sync positions and the sync patterns, at

"0" the TiRfe Whén thelrine syRES innd ihtervalpositionabrelationysdtols by

thek§§¥§hggggigggyggggggperformed in incremnents of symbols

by such sort detection, are supplied to the downstream

" sparse code decoding unit 25.

The sparse code decoding unit 25 inputs the bit values
in increments of symbols cobtained as described above, and
pverforms decoding of the sparse code for each symbol. That
is to say, the 4 x 4 = 16 bits are decoded intoc the original
8 bits of data, thereby reproducing the recording data shown
in Fig. 1, i.e., recording data is obtained.

Effects ¢of Coherent Addition
With the recording/reproducing device 1 according to

the present embodiment which performs the readout using

cocherent addition described above, the phase information
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SO9P0963 11 are moved such that the nine syncs are moved within a
predetermined range including the estimated position where the sync in

the center should be present, are calculated, and the total value of the
correlation values is calculated. As a result, the position of the sync Phav 263
center when the total value of the correlation values in the sync positions

is greatest, is ultimately specified as the position of the page center. The
multiple syncs used for the detection of such a page center position can

recfelagreased o, for.example, 5,57 7, and so forth, Jnhis case, the,
postion detection accu?acy can be mpro%e&n, 5uton the other Ran , when

cor F@f‘c@%'{%b?éQES%,U%QQJ%:@WG:@@E?E%HES increased g_}élégi&ggrglation
calculation becomes complicated, leading to a problem of increase in
Rea talcitagiohipreeessing: ihadtand:delay thdetection. dn thiswvay, the the

improvement of the position detection accuracy and reduction in the
ape prscessibdbad @nd detéetoritific afe i tradésfTélafior CTe-Aigmber the
rel aof sglncasr%serga@r sync d tecaon should be appropri tely set to an (&ptlgplal

vaite according to ié'actia 8%%e§§iﬁ§ s‘bfeed. Rer tive’ detettion oft he

res 8296 center,position.is perfarmed, detection of, the SYNCROSIONS IS o
performed based on the center position. In the case of the present
on 1 embodiment, detectionnof fiespective syne pesitiops is-alse pedoemed

using multiple syncs selected with an object sync SO9P0963
aperture size is the Nyguist sampling theorem, i.e., the
only restrictive condition determining the over-sampling
rate and aperture size 1s that

over-gsampling rate > aperture size
holds. With this understanding, we can say that by enabling
linear readout, the conditions for the sampling theorem to
be correctly established are all present.

For example, with a system according to the reiated art,
an aperture size of arcund 2.0 has been the lower limit, and
further reduction has been difficult, but deoing away with
the restriction on the aperture size means that aperture
sizes smaller than 2.0 can be realized. This means that the
over—-sampling rate can also be reduced to 2.0 or lower, due
to the sampling theorem. Such enabling of reductilon in size
of the aperture size, and reduction of the over-sampling
rate, enables realizing of high recording density to the

hologram reccrding medium HM and improved data transfer rate.

Figs. %A and 9B illustrate "diagrams for viewing



as areference.  The detection of respective sync positions using the
multiple syncs is performed as shown in Fig. 12. First, basically, as
indicated by (a) in Fig. 12, the detection of the object sync is performed
using five syncs in total, i.e., the object sync and four syncs adjacen?%gPO%:a
the object sync horizontally and vertically. Specifically, first, with the
detected page center position as a reference, a position where the object
sync should be present in the image signals which have been subjected to
. equalization processing hy the equalizing filter 22, is estimated from the
i o oSt Eof SRl 1o ATATL REA i bage Lonter 8 the
recObject synegan e found from the regerding fopmat, se-a pesition 4t that
distance from the detected sync position in the page center can be
add estimatedtasithe-objectsyfhicrpositiont: e Goresdation valves batween Figs.
amplitude values in the sync positions and sync patterns, when the center
oA “I%S?ﬁﬁ tife. 285jeEtiSYMERBFthe fivessyes iR thetiffervalisbsitoral relation
set beforehand as illustrated in (a) in Fig. 12 are moved as a whole so,a
o T R s BB Aot g e Suh g e
shoROSItQR where the abject syng.should bepresent -are;calculated, and the,
total value of the correlation values are calculated. The position of the
readenter sypc whenithe detakwalue of the. correlatiamypdlies drthefrespective:
sync positions is the greatest is SO9P0963 ultimately specified as a
=1 opositiontof the Bbjeetsyiee CLNaW: ik precisivriéfthe dyncpasitibarut
. £Stimated based on the page center Eosigon identified beforehand as h
> 9éscriibéd aBove ' cair be made o 5 higher than thé precisionof asynic <
pix@%mﬂﬁé@ma&%0@9{5&%&&%r%@f@l@%ﬁ%@gﬁ%mﬁp§rf9ga@gout by
detection of page center position. Thus, the accuracy of the estimated
the positiga of ¢he object sync ishigh, and-accordibgly eved itthedange bk theng
correlation calculation (search range) during the detection of a sync is set
the naglewes tharrthad at theetirhé Wieh detestiortef pate démerpasiticreis 11
not pErformed, deterioration in detectior%@re.cision can he sugpre.ssed.

Baviingy S R e et thE predent éhibodimént iR Wiich, Hiter détection tt
s12Dage centerposition, detection of the.sync posifions is performed based

on the center position, reduction in the search range (correlation
acccaltytationvrange):and fedustion iy calculatien processing loadand
detection time can be realized.

Note that the "amplitude of signals actually read out
by the image sensor 11" has besen subjected to ccherent
addition, and the "signal input to the image sensor 11" has
added thereto the coherent light compeonent which is of the
same phase as the reference phase within the reproduced
image and greater than the absolute value of the minimum
amplitude of the reproduced image.

With Figs. 94 and 9B, the horizontal axis represents

the amplitude of the readout signal which originally should

be obtained, and the vertical axis represents the amplitude

- 70 -



In the signal light area A2, it is assumed that syncs adjacent to the object

sync horizontally and vertically (i.e., nearest to the center sync) are

present in most sync positions as described above. However, as shown in

Fig. 12, in the outer peripheral portions of the signal light area A2, thef&F0963
are cases wherein there may not be all of the syncs horizontally and

vertically nearest to the object sync. Specifically, there is the case wherein
only one sync of the SO9P0963 syncs horizontally and vertically adjacent

missin shown i S:é) in Fig. 12, and the case wherein two syncs of .
of theesfnlcgir%?iz%%%f@/ al ver |cgalf§/uz:1tdjggene%?e %nr?sas?r?g,saesnssr%wrr#cﬁf (c‘}“L “h

the NEG: 124 (Whenanly,0ae sync,otthe syncs horizontally and vertically
adjacent is missing as shown in (h) in Fig. 12, the position detection of the

objectisyntés perfarnzecbusing total tour syacs excluding ¢he missing: StM 4
sync. For example, as shown in (b) in Fig. 12, when the sync on the left of
is He SRS Hetzontdly antbvertiesliycadjadeht ds Ailssiig pdsitord bf thes
. __Object sync is_detected using four syncs in total, i.e., the object sync and
i 8 e et aboe bORE ANd on the Hghy OF i oBfBct S
the INthis case agwell; the. detection,operation itsglf can be simply-performad, .
by the correlation detection method the same as when five syncs are
is tsedzdescrihed @boyve slishouldbernated thatihe position where the
object sync should be present in the image signals following equalization
sampldcedsing 8 estimated fron-theTeesring format, with - thiesdstatéd page
as a reference, Correlation values hetween amplitude

oo (G i Teabatle SRS BESHONE ARE SRE barEms o the ERBAIHeR e e
5 faursyncs in intevalipositional relation set beforghand, as shown in £b)-in,

Fig. 12, are moved as a whole in such a manner as to move the sync in
imadhe eemien(.ell is valid. This condition has been set based
on the actual £ill factor of the image senscr 11.

Also, in this case as well, the aperture size has been
set to the 1.2 x 1.2 of the Nyguist aperture size. Moreover,
in this case as well, no intentional positional shifting of
the reccrding image has been performed in the simulation.

Fig. 9A illustrates the results of a case ¢f nc phase
modulation as a phase mask at the time of recording (case of
no phase mask), and Fig. 98 illustrates the results of a
cage of performing phase modulation as a phase mask at the
time of recording (case with phase mask). As can be
understood from compariscn with the "diagrams for viewing
linearity" in Figs. 71A ana 71B, in the case of the present
embodiment where coherent addition readout is performed, the

values of the vertical and horizontal axes almost perfectly
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S0O9P0963 the object sync) within a predetermined range around the

position where the object sync should be present, are calculated and the

total value of the correlation values is calculated. The position of the

center sync, when the total value of the correlation values is the gre&esg 0963
is ultimately identified as the position of the object sync. When two

syncs among the syncs horizontally and vertically are missing as indicated

by (c) in Fig. 12, position detection is performed using a total of four syncs

including a sync in a diaganal position nearest to the object sync. For
mat%%(aurﬁ%fe,%%?ﬁdi%g eedsby% %cr:]) ?ngF%é ig, v%h%ﬁ “sky}n%lsa ggdvearalr% on the right

appPhihg.ehjsct sync.of syncs hodzontally and yertically.adjacentare Mmissing; on
the position detection of the object sync is performed using four syncs in
restdtak i.er the preseht synes Gktheslest and below tbée objechsync and ar
sync diagonally below the object sync in a diagonal position nearest to the
readpjeet $ynEHRhESteSeNtEYRES N thIS dase a8 Welk 2he spddéteetion
ogce{rationgtsc\e)g can be perf rmeq?b ed on the correlation detection
FCCmethod. - Hgn %E?Tto’)?rﬁinged% Stich S the syncs as well, further

resdMPrOVEMENt of positipn detectionprecision-canche realized by pegforming; 1,

correlation detection using a greater number of syncs. However, since
prodraprvement of adeuracy and complication ofrealeylation are in a tradeoff

relation as SO9P0963 described above, an optimal value should be set
1) forahe insiseriot 89AEs used for sync detection, in accordance with the

mﬁ%ﬂéyo%ﬁghgéggﬁ%king processing according to the first
embodiment which 1z performed by theresampling unit 23 shown
in Fig. 8 will be described, with reference to Figs. 10
through 16.

First, we will consider again a data array in a
hologram page based on the recording format described
earlier, with reference to Fig. 10. Fig. 10 illustrates an
example ¢f a data array in the signal light area A2, wherein
the minimum laying increment is set to 1 symbol (4 x 4 = 16
pixels), the sync interval i1 sper i1s set to 24 bits (pizels),
and the radius 1 rad of the signal light area A2 is set to
156 pixels.

In Fig. 10, a whiteout portion indicates an area
surrounded by four syncs, a wavy line portion indicates an
area surrounded by three syncs, a diagonal line portion
indicates an area surrounded by two syncs, a screened

portion indicates an area surrounded by one sync, and a
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3) Identifying Data Pixel Position Following detection of respective

sync positions as described above, in order to perform data distinguishing

of values of the data pixels (recording bit values) corresponding to one

pixel increment of the SLM 4, the positions of the pixels are identifie§ @R 263

amplitude values at the data pixel positions are calculated. A feature

of the resampling according to the present embodiment is in that, rather

than identifying a position of an object pixel from only one sync to identify
. thKe osi'géons of, hg data %ixels, the position of the ob'e%t p'xo%l is identified

3 BasEd On TUPIRSYRES “h & Herferafly-U8&d tethhigtieactording¥0 e ©F
ated.art, -a-hologram page is internally divided into increments called

sub-pages", and syncs called "sub-page syncs" are inserted into the
subspageswane subpageisyncite arsubnpages Aecotdinglycatihe time of
identifying the position of the data pixels, first, the position of a sub-page
ACCRYAE Withibca SOI5-page 3§ identife diiteihe position of exctirdata pixght

within the sub-page is identified based on the position of the sub-page

ATEqyAc InPEGardI0ThRIS pontt, with e fechhitie détording Y6 the fetated™*
corfl-denfitying of the, pbject dafa pixel. 309P0963;position is perfgrmed:
based only on one sync, which is the sub-page sync. On the other hand,
sigmath the presentemboriment: the pesitians ebtheddata pixels:are-identified

using multiple syncs.  As a specific technique for identifying data pixel
synpdsiions agingdnukiplessynes ire this walys with thée present erfbodiments a
technique is employed wherein four syncs that surround a position of an

thebpjett pixel'ars st oTaicuatd a pikerpositidir by pefbfmifg=t® =h*ee
of Mye-dpepsianalinear ifernolalion, pracessNe WO he wavy line

portion), these where two are surrounded by syncs (the

a 3

diagonal line porticn), and thcse where only one is
surrounded by a sync {the screened portion}.

In Figs. 11 and 12, as with Fig. 10, the whiteocut
portion indicates an area surrounded by four syncs, the wavy
line portion indicates an area surrounded by three syncs,
the diagonal line portion indicates an area surrounded by
two syncs, the screened portion indicates an area surrcunded
by one sync, and the black porticon indicates an area not
surrounded by syncs, or a sync itself.

2) Detecticn of Sync Posgitions

First, a technigque for detecting a center position of a
page will be explained with reference to Fig. 11. Detection
of the center positicen of the page is performed as rough

alignment of the entire page, with a center sync, positioned

- TR



However, when employing such an identifying method (calculation

method) of pixel positions, we must keep in mind that the number of syncs
that surround the position of an object pixel may be less than four. This is
because, for example, as it is seen with reference to Fig. 10, in the GRR&F0963
peripheral portion of the signal light area A2, there are areas in which the
number of syncs that surround a position of an object pixel is only three,

two, or even one. Therefore, in portions where the number of syncs that
surround a position of an object pixel is less than four, missing syncs are

SO BRtr&polafediusvg Rt syHeS on i ififier diGe T Bh&ble ThlduiRiodneSthe 25
2 ropelposiion, using (i sypos, b dlaiean, o Figs- 13 lhiough Teg are
diagrams describing a specific technique for such extrapolation of syncs in
ent this §0930963 wayn Here, an area ofjustionr-uRits- (2 F4 MNEs)iSorming
extracted and shown, one unit being a region of 24 pixels x 24 pixels in
detgwtholograim page. Syncstibsarted imthelrespédtiiesredgiohsribed later,
corresponding to individual units in the regions for four units will be

can bgBatd as BEyIRETT _"s;?ﬁbdZ'Ef‘ ST syt A in-6Fdet Bf GPFer
cal J:eIIE EPESEH%}}IOI(Qé/\éegf[@tu%%ddlowjgl%% the sync position

detection, and reduction in a detection time, can be
realized.

Such position detection of a page center is performed
using multiple syncs selected with reference to a sync which
should be detected at the page center. Specifically, as
shown in Fig. 11, the detection of a sync position in the
center is performed using nine syncs in total including the
sync in the page center and the nearest eight syncs around
the sync. In other words, the detection of a sync position
in the center is performed using nine syncs in total arrayed
in a sqgquare shape of 3 x 3 around the sync in the center.

As a specific procedure of the sync position detection
in this case, first, a position where a sync in a page
center should be present in the image signals subjected to
egqualization processing by the egualizing filter 22 is
estimated from the recording format. Correlation values
between amplitude values in the sync positions and the sync
patterns, at the time when the nine syncs in the

interval/positional relation set beforehand as shown in Fig.
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In the following description, a coordinate plane with an ordinate i and an

abscissa j is assumed. The coordinates of sync _I through sync _4 are

defined as follows. sync_1(i,j,1): ordinate of sync _1 sync_1(i,j,2) :

abscissa of sync _| sync_2(i,j,|) : ordinate of sync _2 sync_2(i,,2) : SO09P0963

abscissa of sync _2 sync_3( ,j,I) : ordinate of sync 3 sync_3(i,},2) :

abscissa of sync _3 sync_4(i,},l) : ordinate of sync _4 sync_4(i,j,2) :

abscissa of sync _4 The "s row" and "sod" in the following description

indicate sync intervals in .increments of symbols (4 pixels x 4 pixels). In a
11 are mov 8 suc% E%Ft %he HaRS B 55 ér moved %l%ﬁ%n a

case where the'intervalsi_sper are’set as in the present
pre§IROIMERL range inciuding the estimated position where
the sync in the center should be present, are calculated,
and the total value of the correlation values 1s calculated.
As a result, the position of the sync in the center when the
total value of the correlation values in the sync positions
is greatest, is ultimately specified as the position of the
page center.

The multiple syncs used for the detection of such a
page center positicn can be increased to, for example, 5 x 5,
7 x 7, and so forth. In this case, the position detecticn
accuracy can be improved, but on the other hand, when the
number of syncs used for sync detectlon is increased thus,
correlation calculation becomes complicated, leading to a
problem of increase in calculation processing load and delay
in detection. In this way, the improvement of the position
detection accuracy and reduction in the processing load and
detection time are in a tradecff relation. The number of
syncs used for sync detection should be appropriately set to
an optimal wvalue according te the actual processing speed.

When the detection of a page center position is
performed, detection of the sync positions i1s performed
bagsed on the center position. In the case of the present

embodiment, detection of respective sync positions is also

performed using multiple syncs selected with an object sync



s row = s col = 24/4 = 6 holds. Figs. 13A through 13D illustrate a

technique for 50990 963 extrapolating a sync when there are three syncs

that surround a position of an object pixel. Here, Fig. 13A illustrates a

case wherein sync_| is missing as a surrounding sync, Fig. 133 illusfa@s0963
a case wherein sync _2 is missing, Fig. 130 a case of sync _3 missing,

and Fig. 13D a case of synt_4 missing. First, to describe a case

wherein when sync _| is missing as shown in Fig. 13A, the ordinate of

sync 2 is substituted in the ordinate of sync_| according to sync 1(i,j,1) e-

as %ynéi_! f»ﬁﬁlce,

The detection of respective sync positions using the
multiple syncs i1s performed as shown in Fig. 12. First,
basically, as indicated by (2) in Fig. 12, the detection of
the object sync is performed using five gyncs in total, i.e.,
the object sync and four syncs adjacent to the oblject sync
horizontally and vertically. Specifically, first, with the
detected page center position as a reference, a position
where the object sync should be present in the image signals
which have been subjected to egualization processing by the
equalizing filter 22, i1s estimated from the recording format.
For example, the distance from the page center to the object
sync can be found from the recording format, so a position
at that distance from the detected sync position in the page
center can be estimated as the oblject sync position.

Correlation values between amplitude values in the sync
positions and sync patterns, when the center sync (i.e.,
obiject sync) of the five syncs in the interval/positional
relation set beforehand as illustrated in (a) 4in Fig. 12 are
meved as & whole s0 as to be moved within a predetermined
range including the estimated position where the object sync
should be present, are calculated, and the total value of
the correlation values are calculated. The position of the
center sync when the total value of the correlation values

in the respective svyno positions 1s the greatest is
e Y



and the abscissa of the sync _4 is substituted as the abscissa of the
sync_| according to sync_1(i,j,2) e- sync_4(i,},2). Consequently, the
missing sync_i can be extrapolated in this case. In this way, when one
sync among four syncs that should surround the position of the objegt? #0963
pixel is missing, an ordinate of a sync present exponentially in the
abscissa direction of the missing sync and an ordinate of a sync present
exponentially in the ordinate direction of the missing sync are substituted,
respectively, to pe extrapolation of the missing sync. . The same

Tle Chiba o8l 10 837150,

ult%énc %lq Thé ujsgg f6rtha da38 of 1:?(513. 9 O\abnjae f§0.8§61e%ific
exyapolation techniques,are.as follaws, RO9RAIE3 Caselhig+ o8 o seq
sync _2 is extrapolated.
cn the page center position ldentified beforehand as
described above can be made tTo be higher than the precision
of 2 sync position estimated only froem the reccrding format
without performing detection of page center position. Thus,
the accuracy of the estimated positicn of the object sync is
high, and acccrdingly even i1f the range of the correlation
calculation (search range) during the detection of a sync is
set narrower than that at the time when detection of page
center position i1s not performed, deterioration in detection
precision can be suppressed. That is, in the case of the
present embodiment in which, after detection of page center
position, detection of the sync positicons is performed kased
on the center pesiticn, reducticn in the =zearch range
{correlation calculation range) and reduction in calculation
processing lcad and detection time can be realized.

In the signal light area AZ, it 1s assumed that svyncs
adijacent to the obiect sync horizontally and vertically
(i.e., nearest to the center sync) are present in most sync
positions as described above. However, as shown in Fig. 12,
in the outer peripheral porticns of the signal light area A2,
there are cases wherein there may not be all 0f the syncs

horizontally and vertically nearest to the object sync.

Specifically, there is the case wherein only one sync of the



sync_2(irj,1) e sync_1(i,j,l) sync_2(i,j,2) *- sync_3(i,j,2) Case of Fig. 15C:

sync _3 is extrapolated. sync_3(i,j,I) *- sync_4(i,j,I) sync_3(i,},2) *-

sync_2(i,j,2) Case of Fig. 150: sync _4 is extrapolated. sync_4(i,j,I) k-
sync_3(i,j,I) sync_4(i,j,2) sync_1(i,j,2) In Figs. 14A to 14F, there are ¥ FC0963
syncs that surround the position of an object pixel. Fig. 14A illustrates a

syncs horizontally and vertically adjacent is missing, as
shown in (b) in Fig. 12, and the case wherein two syncs of
the syncs horizontally and vertically adjacent are missing,
as shown in (¢} in Fig. 12.

When only one sync of the syncs horizontally and

vertically adjacent is missing as shown in (b) in Fig. 12,

L4}

the position detection of the obiect sync is performed using
total four syncs excluding the missing sync. For example,
Ias shown in (b) in Fig. 12, when the sync on the left of the
syncs horizontally and vertically adijacent is missing, a
position of the object sync is detected using four syncs in
total, i.e., the object sync and the three syncs adjacent
above, below, and on the right of the object sync.

In this case as well, the detection operation itself
can be simply performed by the correlation detection method
the same as when five syncs are used, described above. It
should be noted that the position where the object sync
should be present in the ilmage signals following
equalization processing is estimated from the recording
format, with the detected page center position as a
reference. Correlation values between amplitude values in
respective sync positions and sync patterns at the time when
the four syncs in interval/positional relation set
beforehand, as shown in (b) in Fig. 12, are moved as a whole

in such a manner as to move the sync in the center (i.e.,



case wherein sync _| and sync_2 are missing, Fig. 148 a case wherein
sync _2 and sync _3 are missing, Fig. 14C wherein sync _3 and sync _4
are missing, Fig. 140 wherein sync _4 and sync _| are missing, Fig. 14E
wherein sync _| and sync _3 are missing, and Fig. 14F wherein syncc02P0963
and sync _4 are missing.  An example shown in Fig. 14A of a case of
sync _| and sync_2 being extrapolated will be described. Assuming that
the difference between ordinate sync_4(i,j,l) = sync_1(i+s_row,j,i) of sync
4 below sync | and syn¢_1(i+2*s_row,j,I) below sync 4 is equal to the

theyiréitce betieen'syhe 1 fI) A S ne TaHE Yona T Soyic 1§t he
posw@E%HS&@%Pgﬁ@ﬁ@‘Hﬁ?@&@l8 %9e§ﬁg&%geggwpresent ar

sync_1(i,j,)2*sync_1(i+s”row,}j,1)-sync_1(i+2*s_row,], ). 809I5096§
calAlsorassuming thaksyre 4(i,j;2) which is theabseissa pisyae_kisthes is

same as sync_4(i,j,2) = sync_1(i+s_row,j,2), the abscissa of sync_| can be
calgu&ﬁﬁm@d[nﬁhe position of the center sync, when the total
value of the correlation values is the greatest, is
ultimately identified as the position of the object sync.

When two syncs among the syncs horizontally and
vertically are missing as indicated by (c) in Fig. 12,
position detecticn is performed using a total of four syncs
including a sync in a diagonal position nearest to the
object sync. For example, as indicated by (¢) in Fig. 12,
when syncs above and on the right of the object sync of
syncs horizontally and vertically adjacent are missing, the
position detection of the cobject sync is performed using
four syncs in total, 1.e., the present syncs on the left and
below the object sync and a sync diagonally below the cobject
sync in a diagonal position nearest to the oblect sync of
the present syncs. In this case as well, the sync detection
operation itself can be performed based on the correlation
detection method.
When performing detection of the syncs as well, further

improvement of position detection precision can be realized
by performing correlation detectlion using a greater number

syncs. However, since improvement of accuracy and

Hh

C

complication of calculation are in a tradeoff relation as

_.'79__



sync_1(i,j,2) e sync_4(i,j,2). Similarly, assuming that the difference

between ordinate sync_3(i,j,I) = sync_2(i+s_row,j,l) of sync _3 below sync
_2and sync_2(i+2*s_row,j,I) below sync _3 is equal to a difference

between sync_2(i,j,) and sync_2(i+s_row,j,1), sync_2(i,j,)) which is ti8 $P0963

ordinate of sync_2 can be calculated by

sync_2(i,j,1)2*sync_2(i+s_row,j,1)-sync_2(i+2*s_row,j,1).  Also,

assuming that sync_2(i,j,2) which is the abscissa of sync _2 is the same

sos SR PEIE Hiocion ) e cbpepsmol o 2 e

numﬁéefeé%aévﬁ‘%@”ﬁ% éfbv%@?a'%h%@é‘é% directions, é%%é@'&‘gnce with
procedures can be followed. Case of Fig. 14B: sync_2 and sync _3 are

the extrapelatesk syre 2(hid)sype=3(" )

3) Identifying Data Pixel Position

Following detection of respective sync positions as
described above, in order to perform data distinguishing of
values of the data pixels {recording bit values)
corresponding to one plxel increment of the 3LM 4, the
positions of the pixels are identified and amplitude values
at the data pixel positions are calculated.

L feature of the resampling according to the present
embodiment is in that, rather than identifying a positicn of
an object pixel from only cne sync tc identify the positions
of the data pixels, the position of the chiect pixel is
identified based on multiple syncs. In a generally-used
technique according te the related art, a hologram page is
internally divided into increments called "sub-pages”, and
syncg called "sub-page syncs" are inserted into the sub-
pages, one sub-page sync to a sub-page. Accordingly, at the
time of identifying the position of the data pixels, first,
the peosition of a sub-page sync within a sub-page is
identified, and the position ¢f each data pixel within the
sub-page is identified based on the position of the sub-page
sync. In regard to this point, with the technigue according

to the related art, identifying cof the cbject data pixel



sync_2(i,j,2) +- 2*sync_2(i,j-s_co1,2)-sync_2(i,j2*s co1,2) sync_3(i,j,I) -
sync_4(i,j,))  sync_3(i,j,2) 4-- 2*sync_3(i,j-s_co1,2)-sync_3(i,j2*s col,2)
S0O9P0963 Case of Fig. 140: sync _3 and sync _4 are extrapolated.
sync_3(1,j,))2*sync_3(i-s_row,j,1)-sync_3(i- 2*5 row,j,|) sync_3(i,j,2) 3V SP0 963
sync_2(i,j,2);

position is performed based only on one sync, which is the
sub-page sync. On the other hand, with the present
embodiment, The positions cf tThe data pixels are identified
using multiple syncs.

BAs a specific technigue for identilfying data pixel
positions using multiple syncs in this way, with the present
embodiment, a technique is employed wherein four syncs that
surround a position of an object pixel are used tc calculate
a pixel position by performing two-dimensioconal linear
interpolation preocessing therefrom.

However, when emploving such an identifving method
(calculation method) of pixel positions, we must keep in
mind that the number of syncs that surround the position of
an object pixel may be less than four. This is because, for
example, as it is seen with reference to Fig. 10, 'in the
outer peripheral portion of the signal iight area AZ, there
are areas 1in which the number of syncs that surround a
position of an okject pixel 1s only three, twoe, or even one.
Therefore, in porticns where the number of syncs that
surround a position of an object pixel is less than four,
missing syncs are extrapolaﬁed using the syncs on the inner
side to enable calculation of the pixel positicn, using four
syncs in all areas.

Figs. 13A through 15D are diagrams describing a

specific technigue for such extrapclation of syncs in this



sync_4(i,},l) 4- 2*sync_4(i-s_row, 1)-sync_4(i-2*s_row sync_4(i,},2) 4-
sync_1(i,j,2). . Case of Fig. 140: sync _4 and sync _| are extrapolated
sync_4(i,j,l) 4- sync_3(i,j,1); sync_4(i,j,2) 4- 2*sync_4(i,j+s_co 2)-
sync_4(i,j+2*s_col,2) sync_1(i,j,1) 4- sync_2(i,j,I) sync_1(i,j,2) 4- S09P0963
2*sync_| (i,j+s_co1,2)- sync_1(i,j+2*s_col,2) On the other hand, in

Figs. 14E and 14F, two syncs present in diagonal directions of the object

sync are extrapolated. To describe the example in Fig. 16E wherein

syne,] and syne._3.are extrapolated, assyming tha the grdingte of syne |
matches the ordinate o?syr?c -~ and the

extracted and shown, one unit being a region of 24 pixels x

way

24 pixels in the hologram page. Syncs inserted in the
respective regions corresponding to individual units in the
regions for four units will be referred to as "sync 17,
"sync 2V, "sync 3", and "sync 4", in order of upper left,
upper right, lower right, and lower left.

In the following descripticen, a coordinate plane with

an ordinate 1 and an abscissa 7 is assumed. The coordinates

of sync 1 through sync 4 are defined as follows.

sync_1{i,j,1): ordinate of sync 1
sync_1(i,3,2) : abscissa of sync 1
sync_2(i,3,1) : ordinate of sync 2
sync 2(i,73,2) : abscissa of sync 2
sync 3(i,3,1) : ordinate of sync 3
sync_3{i,73,2) : abscissa of sync 3
sync_4(i,3,1) : ordinate of sync 4
sync_4(i,3,2) : abscissa of sync 4

The "s row" and "s col" in the following descripticn
indicate sync intervals in increments of symbols (4 pixels x
4 pixels). 1In a case where the intervals 1 sper are set o
24 as in the present embodiment,

5 row = 5 col = 24/4 = €
holds.

Figs. 13A through 13D illustrate a technigque for
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abscissa of sync _| matches the abscissa of sync 4, sync _1 can be
extrapolated by the following. sycn_1(i,},i) 4- sync_2(i,},l) sync_1(i,j,2) 4-
sync_4(i,j,2)  Also, assuming that the ordinate of sync _3 matches the
ordinate of sync _4 and the abscissa of sync _3 matches the SO9PB9E8 0963
abscissa of sync 2, sync _3 can be extrapolated by the following.

extrapclating a sync when there are three syncs that
surround a position of an object pixel. Here, Fig. 13A
illustrates a case wherein sync 1 is missing as a
surrounding sync, Fig. 13B illustrates a case wherein sync 2
is missing, Fig. 13C a case of sync 3 missing, and Fig. 13D
a case of sync_ 4 missing.

First, tc describe a case wherein when sync 1 is
missing as shown in Fig. 13A, the ordinate of sync 2 is
substituted in the ordinate of sync 1 according to

sync_1(i,3j,1) « sync 2{(i,7,1)
and the abscissa of the sync 4 is substituted as the
abscissa of the sync 1 according to

sync 1(1,53,2) « sync 4{i,3,2).

Conseguently, the missing sync 1 can be extrapolated in this
case.

In this way, when one sync among four syncs that should
surround the pesition of the object pixel is missing, an
ordinate of a sync present exponentially in the abscissa
directicn of the missing sync and an ordinate of a sync
present exponentially in the ordinate direction of the
missing sync are substituted, respectively, to perform
extrapclation of the missing sync.

The same technigque can be used for the case of Figs.
15B, 15C, and 15D. Specific extrapolation technigues are as

follows.



sync_3(i,j,l)sync_4(1,},1) sync_3(i,j,2)sync_2(i,j,2) Similarly, in the case of
Fig. 14F, sync _2 and sync _4 can be extrapolated as follows. sync 2(i,j,I)
- sync_1(i,j,l) sync_2(i,j,2)sync_3(i,j,2) sync_4(i,j,sync_3(i,i,l)
sync_4(i,j,2)sync_1(i,j,2)  The situations in Figs. 14E and 14F dohe¥FC0563
occur when the recording format described above as an example (the
minimum laying unit is 1 symbol, the radius i_rad is 154 pixels, the sync
size is 1 symbol, and the sync intervals i_sper are 24 bits) is employed.

Howevir,ﬁghen Eogg]gts other :Ehan the record|r1C forlgat are employed, it is

) C%‘F’oei)a at such si‘tuz'a‘sﬁ{c{ﬁ%*ma):/L %cgﬁr%f]i:r? Riich e the extrapolation

of §¥ggs~§y( mej gnfjthc;omls g%gibpgiqtﬁqvg) can be performed.

sync_2(1,7,2) <« sync 3(i,9,2)
¢ Case of Fig. 15C: sync 3 is extrapoclated.

sync 3(i,3,1) <« sync 4(i,3,1)

sync 3{i,3,2) <« sync 2(i,73,2)
= Case of Fig. 15D: sync 4 is extrapclated.

sync_4{i,3,1) <« sync 3(i,3,1)

sync_4(i,3,2) <« sync 1{(i,3,2)

In Figs. 14A to 14F, there are two syncs that surround
the position of an object pixel., Fig. 14A illustrates a
case wherein sync 1 and sync 2 are missing, Fig. 14B a case
wherein sync_2 and sync 3 are missing, Fig. 14C wherein
sync_3 and sync_4 are missing, Fig. 14D wherein sync 4 and
sync 1 are missing, Fig. 14E wherein sync 1 and sync 3 are
missing, and Fig. 14F wherein sync 2 and sync 4 are missing.

An example shown in Fig. 14A of a case of sync 1 and
sync_2 beilng extrapoclated will be described. Assuming that
the difference between ordinate sync 4(i,3,1) =
sync_1{(i+s row,3,1) of sync 4 below sync 1 and
sync_1(i+Z*s_row,3j,1l) below sync 4 is egual to the
difference between sync_1{i,j,1) and sync 1l{i+s row,Jj,1),
sync_1(1,3,1) which is the ordinate of sync_ 1 can be

calculated by

sync 1{i,3,1) <« Z2*sync_1{i+s row,j,1l}-sync 1{i+2*s row,3,1).
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Figs. 15A to 15D illustrate cases wherein there is only one sync that
surrounds a position of an object pixel. Fig. 15A illustrates a case wherein
there is only sync 4, Fig. 15B illustrates a case of only sync 3, Fig. 15C
illustrates a case of only sync 2, and Fig. 15D illustrates a case of orilf 9FC963
sync 80930963  To describe the example in Fig. 15A where only sync

_4 is present, assuming that the difference between ordinate
sync_4(i,j,1)=sync_1(i+s_row,j,I) of sync _4 immediately below sync _|

and syne_L(:2's.fow) two syncs belowsyrc disequaliothe . o

differdnce Batween nc_if‘l,jf) and—syhc’_?t(l _rov\r,J, ,6Fd|r1f S

of YN Uii:Ofsync  Lgan be inferpolated by sync_1(Lj,) 4- 27syne_1@#s 4, 2y,
row,j,I)-sync_1(i+2*s row,j,1). - - -

the abscissa of sync 1 can be substituted by

sync 1(i,3,2) « sync 4(i,3,2).

Similarly, assuming that the difference between
ordinate sync_3(i,3,1) = sync_2{i+s_row,J,1l) of sync 3 below
sync 2 and sync 2(i+2*s row,3,1l) below sync 3 is egual to a
difference between sync 2(i,3,1) and sync 2(i+s_row,]j, 1},
sync_2{i,3,1) which is the ordinate of sync 2 can be
calculated by
sync_2(1,3,1) <« 2*sync_Z2(it+s_row,],1l})-sync 2{i+2*s row,j,1}).

l1so, assuming that sync 2(i,3,2) which is the abscissa
of sync 2 is the same as sync_3(i,7,2)=sync_2{i+s_row,3, 2},
the abscissa cf sync 2 can be substituted by

sync 2(1,3,2) « sync 3(i,3,2).

In Figs. 14B to 14D, while there is a difference in
vertical and horizontal directions, the same procedures can
be followed.
¢ Case of Fig. 14B: sync 2 and sync 3 are extrapolated.

sync 2{i,3,1) <« sync 1(1i,3,1}

sync_2(i,3,2) 4 2%*sync 2(i,j-s cel,2)-sync 2(i,73~
2*s col, 2)

sync_3(1,3,1) « sync 4(i,3,1)

sync_3(i,],2) ¢« Z*sync 3{(i,j-s_col,Z}-sync 3(i,7-

2*s col, 2)
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In this case, the abscissa sync_1(i,j,2) of sync_I may be the same as the
abscissa sync_4(i,j,2) of sync 4.  Also, ordinate sync_3(i,j,I) of sync _3
may be the same as sync_4(i,j,1). Assuming that the difference between
the abscissa sync_4(i,j,2)=sync_3(i,j-s_col,2) of sync _4 immediatefytF 963
the left of sync_3 and sync_3(i,j-2*s_co1,2) two syncs on the left of sync

_3is equal to the difference between sync_3(i,j,2) and sync_3(i,j-s_co01,2),
the abscissa sync_3(i,},2) of sync _3 can be extrapolated by sync_3(i,},2)

4- 2* c 3(| 0012 sy C 3| -2*s_col, Moreover, assuming that
case?he d){:I e 01‘ sync %%equa th%}mr(amaté’agﬁsf rla%%?tﬁge scissa

of é}é% _2 gegual to the jssa of sync §D§yr5c %ng extrapolated
by t efb‘llowmg sync_ 2( Js I) - sync_1(i,j;) sync_ 2(|12) sync_3(i,},2) In
2 * s theoeaseslin Figs. 15B to 15D, the syncs can be

sync 3(i,3,2) <« sync 2(i,3,2);

sync_4(1,7,1) <« Z*sync_4(i-s_row,j,1)-sync 4(i-2*s row
3. 1)

sync 4(1,3,2) < sync 1(i,3,2).

° Case of Fig. 14D: sync 4 and sync 1 are extrapolated
sync 4(i,3,1) « sync 3(4i,3,1):

sync_4(1,3,2) € Z*sync 4(i,i+s_col,2)-
sync_4(i,]+2%s col,2)

sync_1(i,3,1) <« sync_ 2(i,13,1)

sync 1(1,7,2) « 2%sync 1 (i,3+s _col,2)-
sync_1(i,3+2*s col,2)

On the other hand, in Figs. 14E and 14F, two syncs
present in diagonal directions of the obiect sync are
extrapolated. To describe the example in Fig. 16E wherein
sync_1 and sync 3 are extrépolated, assuming That the
ordinate of sync_l matches the ordinate of sync 2 and the
abscissa of sync_ 1 matches the abscissa of sync 4, sync 1
can be extrapolated by the following.

sycn _1(1,3,1) <« sync 2{(i,7,1)

synce 1{(i,3,2) « sync 4(1,3,2)

Also, assuming that the ordinate of sync 3 matches the

ordinate of sync 4 and the abscissa of sync 3 matches the
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SO9P0963 extrapolated based on the same idea. Case of Fig. 15B: sync
2, sync 4, and sync _1 are extrapolated. sync_2(i,j,l) 4-
2*sync_2(i+s_row,1)- sync_2(i+2*s_row,j,1) sync_2(i,j,2) 4- sync_3(i,j,2
sync_4(i,j,l) 4- sync_3(i,j,l) sync_4(i,j,2) 4- 2*sync_4(i,j+s_col,2)- UIP0963
sync_4(i,j+2*s_col,2) sync_1(i,j,l) 4- sync_2(1,j,) sync_1(i,j,2) 4-
sync_4(i,j,2)
abscissa of sync Z, sync 3 can be extrapolated by the
following.

sync 3(i,73,1) < sync_ 4{i,73,1)

sync 3(1i,3,2) « sync 2{(i,]J,2)

Similarly, in the case of Fig. 14F, sync 2 and sync 4
can be extrapclated as follows.

sync_2(i,J,1) <« sync_ 1(i,3,1}
sync 2(i,3,2) 4« sync_3{(i,73,2)
sync_4(i,3,1) <« sync_3{i,7,1)
sync 4(1,7,2) <« sync 1(1,3,2)

The situations in Figs. 14E and 14F do not occur when
the recording format described above as an example (the
minimum laying unit is 1 symbol, the radius i rad is 154
pixels, the sync size is 1 symbol, and the sync intervals
i sper are 24 bits) is employed. However, when formats
other than the recording format are employed, it is probable
that such situations mav occur, in which cases the
extrapolation of syncs by the methods described above can be
performed.

Figs. 15A to 15D illustrate cases wherein there 1s only
one sync that surrounds a position of an object pixel. Fig.
15A illustrates a case wherein there is only sync 4, Fig.
15B illustrates a case of only sync 3, Fig. 15C illustrates
a case of only sync 2, and Fig. 15D illustrates a case of

-

only sync 1.
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Case of Fig. 15C: sync_1, sync 3, and sync _4 are extrapolated. sync

1(i,j,1) e- sync_2(i,j,1) sync_1(i,j,2) 4- 2*sync_1(i,j+s_col,2)-sync_|
(i,j+2*s_col,2) sync_3(i,j,l) 4- 2*sync_3(i-s_row,j,1)-sync_3(i-2*s_row j, 1)
sync_3(i,j,2) 4- sync_2(i,j,2) sync_4(i,j,l) 4- sync_3(i,j,)) SG9P0963

To describe the example in Fig. 15A where only sync 4
is present, assuming that the difference between ordinate
sync 4(i,3j,1)=sync 1l{i+s row,J,1l) of sync_4rimmediately
below sync_ 1 and sync 1(i+Z2*s row,73j,1l) two syncs below
sync_1 is equal to the difference between sync 1(i,j,1}) and
sync_1{i+s_row,3,1), ordinate sync 1(i,3,1) of sync 1 can be
interpolated by
sync_1(i,3,1) <« Z¥*sync 1l(i+s row,]j,1l)-sync 1{i+2*s row,3,1).

In this case, the abscissa sync 1(1,3,2) of sync_ 1 may
be the same as the absclssa sync 4(i,3,2) of sync 4.

Alsc, ordinate sync_3(i,j,1) of sync 3 may be the same
as sync 4(i,73,1). Assuming that the difference between the
abscissa sync 4(i,3,2)=sync_3(i,3-s _col,2) of sync 4
immediately on the left of sync 3 and sync 3(i,3-2%s col,2)
two syncg on the left of sync 3 is equal to the difference
petween sync_ 3{i,3,2) and sync_3{i,3-s col,2), the abscissa
sync_3{1i,73,2) of sync 3 can be extrapolated by
sync_3(1,3,2) < Z2*sync _3(i,j-s_col,2)-sync_3(i,3-2%s col,2).

Moreover, assuming that the cordinate of sync 2 is equal
to the ordinate of sync 1 and the abscissa of sync 2 is
equal to the abscissa of sync_ 3, sync 2 can be extrapolated
by the following.

sync_2(1,3,1) « sync 1{i,3,1)

sync_2(i,3,2) <« sync_3(i,3,2)

In the cases in Figs. 15B to 15D, the syncs can be
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sync_4(i,j,2) 4- sync_1(i,j,2) Case of Fig. 15D: sync 2, sync 4, and sync

_3 are extrapolated. sync_2(i,j,l) 4- sync_1(i,j,I) SO9P0963

sync_2(i,j,2) +- 2*sync_2(i,j-s_co1,2)-sync_2(i,j2*5 co1,2) sync_4(i,j,l) -
2*sync_4(i-s_row,j,1)-sync_4(i-2*s_row j, 1) SO9P0963

extrapolated based on the same idea.
* Case of Fig. 15B: sync_2, sync_4, and sync 1 are
extrapolated.

sync_2{i,3,1) <« 2¥*sync 2(i+s row,3,1)-
sync Z2{i+2*%s row,],1)

sync 2(i,73,2) ¢ sync 3(1,3,2)

sync 4(1,73,1) « sync 3(i,3,1)

sync_4(1,3,2) « Z*sync 4(i,3+s col,2)~
sync_4(i,3+2%s col,2)

sync 1(i,3,1) <« sync 2{(i,3,1)

sync 1(i,7,2) « sync 4{i,3,2)
¢« Case of Fig. 15C: sync 1, sync 3, and sync 4 are
extrapolated.

sync_1(i,3,1) « sync 2{(i,3,1)

sync 1(1,73,2) « 2*sync_1(i,j+s col,2)-sync 1
{i,3+2*%s col,2)

sync_3({i,3,1) « 2*sync 3{i-s row,],1l)-sync 3(i-2*s row
S

sync_3(i,3,2) « sync 2(i,],2)

sync 4(i,3,1) < sync 3(i,3,1)

sync 4{1,3,2) <« sync 1(i,7,2)
¢ Case of Fig. 15D: sync_ 2, sync_4, and sync 3 are

extrapolatad.

sync_2(i,73,1) <« sync 1{(i,3],1)
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sync_4(i,j,2)sync _1(-,j,2) sync_3(i,},l) +- sync_4(,},!)

sync_3(i,j,2)sync_2(i,j,2) For example, according to the method

described above, it is possible to extrapolate syncs such that respective

pixel positions in a page are surrounded by the syncs from the four S09PC963
directions. In the present embodiment, after setting all the pixel positions

to be surrounded by the syncs from the four directions, a position of an

object pixel is calculated (identified). by performing linear interpolation

using the.four syncs that surround the pixel positjon,. _Fig. 16A, .
CRSEHbed L A Toedmping Weinbd Hocarime b he pralene” 1

2+ s empodiment and illustrates an object pixel position (ph) and four syncs
(sync _Ito sync 4) that surround the pixel position. In Fig. 16A, an area
sugrpunded by theé symes at fourcotnersysyncr, itp syne djis ghowz as anow

~areafor 4 x4 - 16 pixels. However, as described above, when the sync

J+ lintervals i_spert-24 bits are set as the recording format according to the

present embodi t, the region_surrounged by the four syncs (sync _|
85%969(‘;@ td %}%14)% e??’cgg%r} 5t gft)mit (6 symbols x 6 symbols).

sync_3(i,3,1) < sync 4(i,3,1)

sync_3{i,3,2) <« sync 2(i,3,2)

For example, according tc the method described above,
it is possible to extrapolate syncs such that respective
pixel positions in a page are surrounded by the syncs from
the four directions. In the present embodiment, after
setting all the pixel positions to be surrounded by the
syncs from the four directions, a position of an object
pixel is calculated (identified) by performing linear
interpolation using the four syncs that surrcund the pixel
position.

Fig. 16A describes such a resampling method according
to the present embodiment and illustrates an cbject pixel
position (ph) and four syncs (sync_ 1 to sync 4) that
surround the pixel position. In Fig. 16A, an area
surrounded by the syncs at four corners {sync_ 1 to sync 4)
is shown as an area for 4 x 4 = 16 pixels. However, as
described above, when the sync intervals i sper=24 bits are
set as the recording format according to the present

embodiment, the region surrounded by the four syncs (sync 1
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First, in performing resampling for a certain pixel position (object pixel
position), four syncs that surround the object pixel position are determined
from coordinates of the object pixel position. The data pixel position is
calculated and identified with the procedure described below, using ##2F02€3
four syncs determined in this way.  First, let us say that for example,

with a position of sync _| at the upper left end as a reference, the object

pixel position is in a position from sync _| downward by nr bits and to the

to JgRLOY me.bits, Upon defining the objectpixe posiion with the posidon of
sync—I'and nr and mc, and atter performing t efolYowmg inear

interpalation in the vertical direction to-calguateph 1.4Jand,ph, 2,3 Lin;
_ Figs. 16A and 163 using sync_l.sync_4 and sync_2.sync_3

rosphidA_1s{(ispermtsyncoddjd)darisynoud(i. s ik sspetph_2:3 ddund
(i_sper-nr) "sync_2 (i, j, 1) +nr*sync_3 (i, j, 1) 1 /i_sper, an ordinate

the phbgRihe ohied pixst eah becaldifated i furherparorming telichoing of

. Iin%ar ingerBoIatign in the vertical direction using ph_14 i and ph_23_i.

12 BRRYE Sper-mcpi T4 HmEPh 2.3 ffi_§ie= PrFET position iE

calculated and identified with the procedure described below,
using the fcour syncs determined in this way.

First, let us say that for example, with a position of
sync 1 at the upper left end as a reference, the object
pixel position is in a pesition from sync 1 downward by nr.
bits and to the right by mc bits. Upon defining the obiect
pixel position with the pesition of sync 1 and nr and mc,
and after performing the following linear interpolation in
the vertical direction to calculate ph 14 1 and ph 2¢3 i in
Figs. 16A and 16B using sync lesync 4 and sync _Zesync 3
ph le4 i={(i sper-nr)*sync 1(i,J,l)+nr*sync 4(i,3,1)}/1i sper
ph_2+3_i={({i_sper-nr)*sync 2(i,]j,1)+nr*sync 3{(i,]j,1)}/i sper,

an ordinate phi of the oblect pixel can be calculated
by further performing the following linear interpclatiocn in
the vertical direction using ph 14 i and ph 23 i.

phi={{i_sper-mc)}*ph_le4 i+mc ph 2+¢3 i}/1i sper

It is expected that this value has a value of decimals
because positioning (detection of the sync positions) is
performed after over-sampling and up-scaling. Thus, the

value is divided intc an integer part phi int of the

- 91 -~



It is expected that this value has a value of decimals because positioning
(detection of the sync positions) is performed after over-sampling and
up-scaling. Thus, the value is divided into an integer part phi_int of the
SO9P0963 ordinate and a decimal part phi flt of the ordinate as follows?FP0963
phi_int=floor(phi) phi_flt=phi_phi_int Similarly, after performing the
following linear interpolation in the horizontal direction

ph_1.4 j=f(i_sper-nr)*sync_1(i,j,2)+nr*sync_4(i, ,2)}/i sper ph_203_j=f(

ordfg%%énggs Q§7§Q£f%23“§£¥¥LSQﬁf%%kﬁg%“the ordinate as
follows.

phi_int=flooxr (phi)

phi flt=phi phi int

Similarly, after performing the following lineax
interpolation in the horizental direction
oh 1¢4 4={ (i sper-nr)*sync 1(i,j,2)+nr*sync 4{i,3,2)1/1 sper
ph 23 7={ (i sper-
nr)*sync 2(i,J,2)+nr*syunc_3(i,3,2)}/i sper,

abscissa phl of the object pixel position can be
calculated by further performing the fellowing linear
interpclation in the horizontal direction using ph 1°4 J and
ph 23 7.

phi={ (i sper-mc)*ph 1l¢4 J+mc*ph 2¢3 5}/1i sper

This value is also divided intc an ‘integer part ph7 int
of the abscissa and a decimal part phj flt of the abscissa
as follows.

phi_int=floocr{phl)

phi flt=phj-phi int

The positicn cof a pixel specified by the ordinate phi
and the abscissa phi calculated by the linear interpolation
in the vertical direction and the linear interpcolation in
the horizontal direction using the syncs at the four corners
is the object pixel position. In other words, the

calculation of the ordinate phi and the abscissa pht is



abscissa phj of the object pixel position can be calculated by further
performing the following linear interpolation in the horizontal direction

using ph_l.4_jand ph_2.3 j.

phj={(i_sper-mc)*ph_1.4_j+mc*ph_2.3_j}/i_sper  This value is als§®2F0963
divided into an 'integer part phj_int of the abscissa and a decimal part

phj_flt of the abscissa as follows. phj_int=floor(phj) phj=phj-phj_int The
position of a pixel specified by the ordinate phi and the abscissa phj

calc IatedgI the linear.interpolation in the vertical direction and the linear
=B soition n'thE NoRAGMAF ArSehion USIRS e Sy at HFrodl LBirers

o1 xS theQbjegt pixel %it@ﬁph%gbﬁ%wgﬁ% the calculation of the ordinate
phi and the abscissa phj is SO9P0963 equivalent to the calculation
cal{gdetection) of the ohjest pixekpasitan: By-employmngesuchqpixelposition
positions can be properly identified even when light of the
respective pixels of the SLM 4 are nct cast on ideal
positions on the image senscor 11 because of optical
distortion and the like.
4y Amplitude Value Calculation of Data Pixel Position

After calculating the ordinate phi and the abscissa phi
of the obkject pixel position as described above, the
amplitude value at that pixel positicn is calculated.

Fig. 16B illiustrates a fTechnique for calculating an
amplitude value of a pixel according to the present
embodiment. With the present embodiment, a method using
linear interpolation is employed for the calculation of the
amplitude value of a pixel as well. Specifically, linear
interpolation using amplitude values (rd 1, rd 2, rd 3, and
rd 4 in the figure) at four corners that surround the object
pixel pesition identified as described above is performed to
calculate the amplitude value of the object pixel.

In calculating the amplitude value, the amplitude
values rd 1, rd 2, rd 3, and rd 4 at the four corners that
surround the object pixel position are defined as follows.

rd i=1 rdata(phi int,phj int)

rd Z=1i rdata(phi int,phj int+l)



calculation by linear interpolation, respective pixel positions can be

properly identified even when light of the respective pixels of the SLM 4

are not cast on ideal positions on the image sensor 11 because of opt-cal
distortion and the like. 4) Amplitude Value Calculation of Data Pixel 09p0963
Position After calculating the ordinate phi and the abscissa phj of the
object pixel position as described above, the amplitude value at that pixel
position is calculated. Fig. 163 illustrates a technique for calculating an
argglitgg_e Va!:lf'etoaf ﬁ??li:])fel.aqﬁg%{ding to jghecﬁ)resent embodiment. With the

preserit embodime ,amlé‘t 0 L’ngn&ﬂ'ﬁ%a interpolation’is employed for

the galculation.of the @mplitude; value of aqixel as well. Specifically, linear
interpolation using amplitude values (fd_I, rd_2, rd_3, and rd 4 in the

fiure) atfottrecosngrs thatesurroundithe whject pikekpositiort identified asd_ 3,
described above is performed to calculate the amplitude value of the

and obfect ppéet S 1%A eadlcalating thelaniplitutiesvallie ARE aniplitGde valtiBs
rd_I, rd_2, rd rd_4 at ttgje L%Jé corners that surround tgg ;%’!?Ct pixel

oD GRbaHS dofen 36 TATOHS: 15, FaaatA I phL I 10
spedGARPRLINLPARILINGEL) < nceger part phi int of the ordinate
and the integer part phj int of the abscissa cbtained by the
calculation described above. BAlso, note that strictly
speaking, the amplitude value rd 1 at the upper left end of
the signal amplitudes rd 1, rd 2, rd 3, and rd 4 at the four
corners 1s a value in the cbject pixel position. However,
for convenience of explanation, rd 2, rd 3, and rd 4
including »d 1 ére defined as the amplitude wvalues in the
positions at the four corners that surround the object pixel
position.

Linear interpclation in the vertical directicn using
the amplitude values rd 1, rd 2, rd 3, and rd 4 and the
decimal coordinates obtained by the above calculation is
performed as follows.

rd led=(il-phi flt)*rd l+phi_ flt*rd 4

rd 2e3=(1l-phi flt)*rd 2+fit*rd 3

Finally, linear interpolation in the horizontal
direction is performed as described below using rd 14 and
rd 23, which are obtained by performing the lineax

interpolation in the vertical direction, and the decimal



rd 3=i ciata(pni int+1,phj_int) rd 4- _ data(phi_int+1,phj_int+1) That is

to say, these amplitude values rd_I, rd 2, rd 3, and rd 4 are signal

amplitude values in positions of the four corners that surround the object

pixel position specified by only the integer part phi_int of the ordinaté ango o263
the integer part phj_int of the abscissa obtained by the calculation

described above. Also, note that strictly speaking, the amplitude value rd

_l at the upper left end of the signal amplitudes rd_|, rd_2, rd_3, and rd_4

at the four corners is a value in the object pixel position. However, for

COOrdlnates., . . .
conveniénce of explanation, rd_2, rd_3, and rd_4 including rd_| are

defined ashe-amplitude values jnithe. pasitions-at;the jour.corners that
surround the object pixel' position. ~ Linear interpolation in the vertical
difgiction uising:the aenplitude valiessdel, tds 25 1d Byahtirdd4 anslthe of
decimal coordinates obtained by the above calculation is performed as
pixgdllowWs. ¥ . RPI BRIt Bl fistd 4on.  In Fig. 16B, an image

of rd sample determined by the linear interpolation in the

QJ

vertical direction and the linear interpolation in the
herizontal direction is shown.

Since the method of calculating an amplitude value of a
pixel using the linear interpclation is emploved, amplitude
values of respective pixels can be properly calculated even
when i1ight of the respective pixels of the SLM 4 are not
cast on ideal positions on the image sensor 11 becauss of
opticeal distortion and the like.

5} Data Distinguishing

By performing position identifying (caiculation) and
amplitude value calculation described above regarding
pesitions of the pixels Iin 2 page, amplitude values of the
respective pixels in the page can be obtained. That is to
say, data in the page can be resampled to 1 x 1. In this
case, as above, the data in the page is subljected to sparse
encoding in increments of symbol, so the final valuess of
respective recording bits of "0" and "1" can be detected by
performing data distinguishing by sort detection
corresponding thereto.

The sparse code is decoded for each of the symbols to



d 2.3-(1-phi flt)*rd 2+fit'rd 3 Finally, linear interpolation in the horizontal
direction is performed as described below using rd_14 and rd_23, which

are obtained by performing the linear interpolation in the vertical direction,

and the decimal SO9P0963 coordinates. rd_sample-(1-phj_) rd_1.43pky 0263
flt*rd 2.3 This rd sample obtained here is an amplitude value of a pixel

in the object pixel position. In Fig. 165, an image of rd sample determined

by the linear interpolation in the vertical direction and the linear

w1 {flemolation n the horizonial decton i shown, . _Siace tne method of
Calculatmg an amplitude “valt€ of a pixel'usingthé linear mterpolation’1s

int&mpleyed, amplitude yalyes of respective; pixels.can.be. propedly. o v o quced

calculated even when light of the respective pixels of the SLM 4 are not
by caston ideadpasitons:oa tHe image: sensar 111because ofepticald in this
distortion and the like.
way in the corder of data Nos. of the symbols. Conseguently,
repreduced data can be obtained.
6) Internal Configuration of Resampling Unit

Fig. 17 shows the internal configuraticn of the
resampling unit 23 shown earlier in Fig. 8, for realizing
resampling processing according to the first embodiment
described above. MNote that in Fig. 17, the up-scaling unit
21, equalizing filter 22, and data distinguishing unit 24,
shown in Fig. 8, as also shown along with the resampling
unit 23. As shown in Fig. 17, the resampling unit 23
includes a sync detecting unit 23a, a sync extrapclation
unit 23k, a data pixel position ldentifyving unit 23c¢, and a
pixel amplitude value calculating unit 23d.

First, as described with Fig. & earlier, image signals
following egualization processing at the equalizing filter
22 are input to the resampling unit 23. At the resampling
unit 23, the image signals are input to the sync detecting
unit 23a. The sync detecting unit 23a performs detection of
the sync position, based on the input signals input from the
equalizing filter 22 and information of the recording format
determined beforehand. Specifically, the position of the

sync at the center of the page {(center sync) is detected as



5) Data Distinguishing By performing position identifying (calculation)

and amplitude value calculation described above regarding Positions of

the pixels in a page, amplitude values of the respective pixels in the page

can be obtained. That is to say, data in the page can be resampled fF£R0963

1. In this case, as above, the data in the page is subjected to sparse

encoding in increments of symbol, so the final values of respective

recording bits of "0" and "1" can be detected by performing data

distinguishing by sort detection corresponding thereto, The _sparse code is
o= LG R e ot S BORTs  SBOP0oBatmately AR, the
oo detesied Bit values from L symbol.into. 1 hyte. 1., &.bits. Recording data.

can be reproduced by outputting the data for 1 symbol (1 byte) decoded in
witihis sayriarihe otderof glata Npspefdhe symbolss Gensequently;enter sync

reproduced data can be obtained. 6) Internal Configuration of Resampling
posyniton . Fig. 17 shows the internal configuration of the resampling unit 23

shown earlier in Fig. 8, for realizing resampling processing according to

the fifst SRS diment BEs& ibed abbve - Note that i Big1 7 3#6up-scaling
ext 2L, equalizing filter 22, and data distinguishing-unit, 24, show lr:‘.?ig@s']:f‘_;gions

8, as also shown along with the resampling unit 23. As shown in
det éhe resamplingunit,23-inchudes ai sync.getectingsunit 23a,a sYRe: 11y, sync
extrapolation unit 23b, a data pixel position identifying unit 23c, and a pixel
ext gmplilddelvalue Talculatimgmit 230l Lowing the procecures
described with reference to Figs. 13A through 15D, using the
information of the detected sync positions.

The data pixel positicn identifyving unit Z3c performs
determination of the data pixel positions within the
hologram page, based on the sync positions detected by the
sync detecting unit 23a and the information of the sync
positions extrapolated by the sync extrapolation unit 23b.
Specifically, the integer part phi int of the ordinate and
the decimal part phi flt of the ordinate, and the integer
part phj int of the abscissa and the decimal part phij flt of
the abscissa, are calculated by linear interpclation,
following the procedures described with reference to Fig.
16A earlier,

The pixel amplitude value calculating unit 23d ocobhtains
by calculation the amplitude wvalues at each data pixel
position, from the image signals following the egualization

processing at the equalizing filter 22, based on the



First, as described with Fig. 8 earlier, image signals following equalization
processing at the equalizing filter 22 are input to the resampling unit 23. At
the resampling unit 23, the image signals are input to the sync detecting
unit 23a. The sync detecting unit 23a performs detection of the syncS09F0263
position, based on the input signals input from the equalizing filter 22 and
information of the recording format determined beforehand. Specifically,
the position of the sync at the center of the page (center sync) is detected
. __as S09P0963 described earlier wijth reference to Fig, 11. Thereupan, the
8 SRRt e s 16 HekdtEd aSTRben OO cdar witiefeFnoctt:
ph Fig:12, baged,on the detected centersync positian. ; gIhe-sypgq
‘extrapolation unit23b performs sync extrapolation based on the
(cainfarmation ofithe Syac pasiions setecteskhy-thersyngdetactingrimit23a: 23c.
Specifically, sync extrapolation is performed following the procedures
Spegedénved with FéferenteltoFigs I8A thFodg 15BCUSIAG the inféredation
of the detected sync positions. The data pixel position identifying unit
005 53¢ BerfofmS UetemRatoN GFhE Hhta bitel pasiiGRE WA (e Molgram
11nPage.;hased.on the sync positions detected by the, sync detecting,unit 23a p;
and the information of the sync positions extrapolated by the sync
163 gxtrapelation Ui 23bn Speeificallyr thesinteger pastphiniat ef-therordinate.d
and the decimal part phi_flt of the ordinate, and the integer part phj_int of
the tigee abseissarand thig1dedimal part phi fle of theedlsscissae ale Calealatak by
. linear interpolation, following the procedures described with reference to

PR Fig Yl 6 earhiEr. ®°° The Hixdl dmpiitiué aiuB taldifdtingHinit 23d-obthins
abs QY galculation the amplityde yalues at gach data pixgl positiqn, from the,
Image signals following the equalization processing at the equatizing filter

rd_22, based on the

As described eariier with reference to Fig. 8, the
information ¢of the data pixel positions obitained at the
resampling unit 23 is supplied to the data distinguishing
unit 24. This data distinguishing unit 24, and the sparse
code decoding unit 25 shown in Fig. 8, have already been
described in the description of Fig. 8, and accordingly
description thereof will not be repeated here.
7) Experiment Results of Resampling Processing According to
the First Embodiment

Fits. 18 tc 20 illustrate experiment resulits
(simulation results) for describing the effectiveness of the
resampling technigue according to the present embodiment
explained above.

As results of experiments in which data reccrded in the
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SO9P0963 information of the data pixel positions (phi_int, phi_flt, phj_int,

and phj_flt for each data pixel) identified (calculated) by the data pixel

position identifying unit 23c. Specifically, the amplitude value for each data
pixel position is obtained by calculation, by performing the linear ~ S09PC963
interpolation described earlier with reference to Fig. 163, based on the

integer part phi_int of the ordinate and the decimal part phi_flt of the

ordinate, the integer part phj_int of the abscissa and the decimal part

hj_flt of t bscissa, and the amplitude values rd i, rd_2, rd 3, and rd 4.
rec SR BEA AN i AT Snbs 1 Eh e B o o PR

actPixel posiligns ghtained at the resampling pnit 231s sypplied o the data ¢
distinguishing unit 24. This data distinguishing unit 24, and the sparse

an €ofedeeedingimit.2b shown i Figo 8ohave alseady-been:desciibedqda the
description of Fig. 8, and accordingly description thereof will not be

to papedted herd. ArExpernnt Resaltd et Resampling Processingn in Fig.
According to the First Embodiment Fits. 18 to 20 illustrate experiment

18/ rdtits® (Simultion re&tits) 15 destibing the Bifeclivéréss GiRneS e 19
cechgsaMBling-teghnigye acgording fo.the.present embodiment explained; ..

above.
shown in Fig. 18. Also, the results of an experiment in
which only the detection of the syncs [(excluding detection
of page center sync) of the reproducing technigue according
to the present embodiment has been applied, the technigue
according to the related art has been applied to subsequent
data pixel positicn determination and amplitude value
cbtaining at the data pixel positions, are shown in Fig. 20.
Specifically, as for data pixel positicon determination and
amplitude value obtaining at the data pixel positions
according to the related art, a technique was used wherein
positions of object pixels were selected from a readout
signal of 4 x 4 based on the clecsest syncs, and these valuss
were taken as the amplitudes values.

In each of Figs. 18 through 20, error distribution in a
page, SER (Symbol Error Rate), and SNR (S/N ratio) are shown
as specific experiment results. The error distribution in a
page 1s indicated by outline squares in the figure. Double
sguares indicate errors in bit increments (bit error) at the

inner frame thereof and errors in symbol increments (symbol

- 09 -



As results of experiments in which data recorded in the SO9P0963
recording format according to the present embodiment is actually
reproduced by performing resampling, the results of an experiment to
which the reproducing technique according to the present embodiméft® 0963
has been applied are shown in Fig. 18, and results of an experiment in
which the reproducing technique according to the related art has been
applied are shown in Fig. 19. Also, the results of an experiment in which
only the detection of the syncs (excluding detection of page center sync)
=2 e et ORI TR aCeOT ARG 10 the st BRpBaLTert i
resPee0 applied,the fechnique accarding.tthe related.art has been applied
to subsequent data pixel position determination and amplitude value
per Dbiainng atthe data-pixelxpesittonst areyshewn ingFige 20cSpegjfically, as
for data pixel position determination and amplitude value obtaining at the
res gfaga pixel positisnstasevidiagao five ralafed o H-teBEHIgaB Wes dsed-he
wherein positions of obéctact pixels were selected from a_readout si%nal of 4

SANG L BasEf ST e Qo8B SyntS “ant tHese Val et el takEi a8 the €7~

b aMplitydes.values. . .- In gach of Eigs. 18 through 20, error distribution in
a page, SER (Symbol Error Rate), and SNR (S/N ratio) are shown as

specificiexpedoient sesultst The esros distrikutiondn anpageis indicatedily g

outline squares in the figure. Double squares indicate errors in bit
nethngements(bitarrorp atthe inneefraneahéredhand erfors ibsymbol it can

increments (symbol SO9P0963 error) at the outer frame thereof. As can

be $rTeen tibre SheTESuRS Fthe TESHEUive Hidgrams have Bden Ghtalted”

sucdy &&fﬁ?ﬂi‘g%& fo.the gatadistinguishing following resampling . The ;

technique for data distinguishing’is the same as described above for both
parthegase-ofthepresent embodiment apd the related atbrtion, to an

the

extent that is practical use thereof would be difficult. In
this case, the S8SNR was Z.63.

On the other hand, in a case of employing the
resampling technique according to the present embodiment
shown in Fig. 18, i1t can be seen that the concentration of
errors due to failure in sync detection is markedly
alleviated, and positions where errors occur are dispersed
as well as the number of the errors being markedly reduced.
In this case, the 3SNR was 3.25. From these results, it can
be understood that the resampling technigue according to the
present embodiment described above is more capable of
properly reproducing data as compared to the resampling
technique according to the related art.

Also, comparing the results shown in Fig. 20 with the
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First, looking at the case of employing the resampling method according

to the related art shown in Fig. 19, it can be seen that errors occur around
syncs that have not been successfully detected. In particular, the error

rate is particularly high at the outer peripheral portion, to an extent th#i $°0963
practical use thereof would be difficult. In this case, the SNR was 2.63.

On the other hand, in a case of employing the resampling technique

according to the present embodiment shown in Fig. 18, it can be seen that

the concentration of errors due to failure in sync detection is markedly
aPPAf&Ratet and pbsifioRs Whefe ERDFEBACUI Aré BidpersBifas el as'the ©©

number of the errors bei arkedly reduced. In.this case, the SNR wa
e (RAE Ft Tt A B (et s300 1iat T Fooarigintg " ose
e r rigchniqueapcopding to the;presgnt.embediment descrbed,ahovesis more
capable of properly reproducing data as compared to the resampling
o ratechnigueyvaccordingite thesrelated art: Alse; coawparing thé gesults, showh
in Fig. 20 with the SO9P0963 application of the entire resampling
COMpSthRigUE dctofdifg 3@ the. preseffembotinfert SRoWnGH Fig CEE shows to

... that, while errors slightly incre distribution of errars is practically the

“nesgr%ieaécset%a? %tthal‘%%%)é o]f?:ig?ile%", %%'co%aprz%rg ijt%% g‘a%% |ca)%10ne(§fm‘“ 5

is thestechaigue aggcording to-therelated agtghopinF 16, 19, marked, pe
reduction in errors is realized. In this case, the SNR was 3.24. It can be

undanderstabdtfrom the¢esudtsahireg.i20, Fhatis effectiveda détect eaelf Hé thei ve
syncs using multiple syncs, as with the present embodiment.

Lo edhesinifdiHe mét faEtedtingStheSyRe af thiel fage Béster @8ing th

mu}lﬂteiépslg3 Syncs the, 'gechnique does not exhibit the advantages thereof

fa Dodiment, _ . .\
a%ne, smce?ﬁis iS* ot for determining final sync positions. However, when

tinéing Fecaveryisperformedby extracting aclater-described . 2+ the page
two-dimensional clock as with a second embodiment for example, the
cenpesition ofithenpage pértesigrdeterminedasdhe finakpasitioning of axhibit
page, in which case it can be said that the technique of determining a
thepage eehAfed pOSHOA LRy Muftipfe syrcsas With thel présent éMbodiment
e Y5815 oxer P echnigue of determinind 2 age center positon.usiog only

the

recovery 1s performed by extracting a later~described two-
dimensional clock as with a second embodiment for example,
the position of the page center is determined as the final
positioning of a page, in which case it can be said that the
technigque ¢f determining a page center position using
multiple syncs as with the present embodiment excels over
the technigue of determining a page center position using
only one sync.

Overall Reproducing Properties Including up to Resampling
Using Linear Interpolation

The reproducing properties of having performed up to
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Overall Reproducing Properties Including up to Resampling Using Linear
Interpolation The reproducing properties of having performed up to
S0O9P0963 the resampling according to the first embodiment following

signal readout with coherent addition, will be described with referené&@?0263
Figs. 21A through 238. First, Figs. 21A and 218 illustrate comparison
results between a case wherein resampling according to the first

embodiment has been performed, and a case wherein pixel matching has

been performed. In Fi s 21A and 218, the horizontal x|s is the_ amplitude
the vﬁﬁ%%ﬁ X 15kt b eﬁﬁ&? by pe Fimi *hs%p?énﬁﬁ’ A 8b téPﬁofﬂg

s1gRYer-sampling results caloulated in Elgs; 9Aand 98 deseribegabave .

“'Also, the horizontal axis is the results of having performed resampling

w it sthgdinear interpelatiogwitiiolut peHesninlg gateal pixel matching. Here,
resampling results of a partway over-sampling rate of 1.33 x 1.33, which is
not artatitipfel ofsan imidgernshein the éffectivenéss obrasamipling bydiriear s
interpolation. Note that the resampling technique of data pixel position

PeTiRitifying ARA afSIRide cAICaRTEN, Uding tHe e thtefhotdtfort ~ =
embB55RMAING fo.the firste 'E%‘%m Pment descriped.abave, can perform, propar

resampling even in a case that a partway over-sampling rate of 1.33 x
mat i3 gvhich isaeta multiple-ekan integerr has been set sincellinear e

interpolation is used. Also, the simulator used for obtaining the results
hor showhda Figsl 21Asand 21 &isthe sante ds theesimillator used WithIFigs.

9A and 98 above. Alsg, no
obtained by performing simple thinning out of the 2 x 2

over—-sampling results calculated in Figs. %A and 9B
described above. Also, the horizontal axis iz the results
of having performed resampling using linear interpolation
without performing optical pixel matching. Here, resampling
results of a partway over-sampling rate of 1.33 x 1.33,
which is not a multiple of an integer, show the -
effectiveness of resampling by linear interpolation.

Note that the resampling technigue of data pixel
position identifying and amplitude calculation, using the
linear interpolation accerding to the first embodiment
described above, can perform proper resampling even in a
case that a partway over-sampling rate of 1.33 »x 1.33, which
is noet a multiple of an integer, has been set, since linear
interpolation is used. Also, The simulator used for
obtaining the results shown in Figs. Z21A and 21B 1s the same

as the simulator used with Figs. %A and 9B above. Also, no
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SO9P0963 intentional positional shifting of the recording image has been
performed in the simulation with this case as well, and accordingly the
amplitude values based on the 2 x 2 over-sampling results on the

horizontal axis in Figs. 21A and 218 can be handled as being the sape 58963
a case wherein pixel matching has been performed. Fig. 21A

illustrates a case of no phase mask, and Fig. 218 illustrates a case with

phase mask. In both Figs. 21A and 218, the values of the horizontal axis

an .vertlgLaI amsgltlej?r:eral y %%rega{_tas with éth% case OI: gllggi 9A and 98

intenticna sitiona ing o ng. image has
describe egrcﬁer. ISS OWS%h ev%n IN a case wnerein orﬁlca]inp&el

beeMaiching is nat @%rf%rm?ds ﬁ%@g@%@ﬁ §i9{3ﬁ| WQE@”@&:&?"&E&'W@@, and
same as a case wherein optical pixel matching is performed, in both cases

accotdithimithout phase maskidue £d perdforming«theresampling«using linear
interpolation according to the first embodiment described above.  Now,
s ampre-Bdaltigfion valuebf "RMSE Y (Norafized MeaniSqlarg Errerfis and 218

car G8fingd toquantiatively estimate computation error of sampling using. ,
linear interpolation, in‘the following SE definition expression.

nat NMSE 3 r0otmean squarg gf £A - B) / mean power of A where A

represents the amplitude value at a data pixel position obtained in a case

whiere .optical pixelrmatchingshas beer performed;ranekB representsdhe’iq .

amplitude value at a S0920963
21B illustrates a case with phase mask. In both Figs. Z1A
and 21B, the values of the horizontal axis and vertical axils
generally agree, as with the case of Figs. 5A and 9B
described earlier. This shows that even in a case wherein
optical pixel matching 1s not performed, reproduction signal
properties generally the same as a case wherein optical
pixel matching is performed, in both cases of with/without
phase mask, due tc performing the resampling using linear
interpclation according to the first embodiment described
above.

Now, the evaluation value of "NMSE" (Normalized Msan
Sguare Error) is defined to guantitatively estimate
computation error of sampling using linear interpolation, in
the following NMSE definition expression.

NMSE = root mean sguare of (A - B) / mean powsr of A
where A represents the amplitude value at a data pixel

position cobhtained in & case where coptical pixel matching has

been performed, and B represents the amplitude value at a
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data pixel position calculated by resampling using the linear interpolation
according to the present embodiment. As can be understood from this
definition expression, the smaller the deviation is from a case where

optical pixel matching has been performed (i.e., the better the S09P0963
reproducibility is), the smaller the value of NMSE is. Now, let us

consider the relation between aperture size and over-sampling, using

such an NMSE. Figs. 22A and 222 are diagrams illustrating the relation

between aperture,size and over-sampling rate by NMSE, and mor,
e A S e T Uil NSNS 1o a

1inange pfaperture-size.1.0 through 2,0.in, thﬁ'}@’%}m Qver-sampling |
rates having been setat 1.0 x 1.0, 1.143 x 1.143, 1.333 x 1.333, 1.6 x 1.6,

arks2.0202 Pdnithese-diagtain g, the horizentakaxis is: therapertire siziecof,
the Nyquist aperture ratio, and the vertical axis is the NMSE. As
the shB#h-iff the BRagiams 2theT8suis 6FRB case df the'ovsrssarmplingiratd dke

.000 times (2.0 x 2.0) is_plotted with crosses, the results of the case of
mat ?Zr?el G%er Sampiiig rats of T%@%%ingés‘ 1.6 X'1:6) ?%ep%t?éfd With squares,

rep HQiIRSUlls of the case of the aver-sampling Late.of 1333 tigpes{1.333 X

1.333) is plotted with triangles, the results of the case of the over-sampling
rate-af, 1.143 times(drkA3de 1.143) is-ploed withdaverted trigngles; aads i ze
the results of the case of the over-sampling rate of 1.000 times (1.0 x

and SOBPOIBIP.0) idplottéd Withséheleszn NMSE. Figs. ZZA and ZZB

are diagrams illustrating the relation between aperture size
and over-sampling rate by NMSE, and more specifically are
graphs i1llustrating the change in the value in NMSE as to a
range of aperture size 1.0 through 2.0 in the five caseszs of
over-sampling rates having been set at 1.0 x 1.0, 1.143 x
1.143, 1.333 x 1.333, 1.6 x 1.6, and 2.0 x 2.0. In these
diagrams, the horizontal axis is the aperture size of the
Nyguist aperture ratio, and the vertical axis is the NMSE.
As shown in the diagrams, the results of the case of
the over-sampling rate of 2.000 times {2.0 x 2.0} is plotted
with crosses, the results of the case of the over-sampling
rate of 1.600 times (1.6 x 1.6) is plotted with squares, the
results of the case of the over-sampling rate of 1.333 times
(1.333 x 1.333) is plotted with triangles, the results of
the case of the over-sampling rate of 1.143 times {1.3143 x
1.143) is plotted with inverted triangles, and the results

of the case ¢f the over-sampling rate of 1.000 times (1.6 x
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Fig. 22A illustrates a case of no phase mask, and Fig. 229 illustrates a

case with phase mask. The results of both Figs. 22A and 223 shown are

for cases of performing sampling using linear interpolation after having
performed linear readout by coherent addition according to the pres&ftSF0963
embodiment. The simulator used here is the same as the simulator used

with Figs. 9A and 93 earlier.  Also, as a comparison, Figs. 23A and 233
illustrate the calculation results regarding NMSE the same as with the

case of Figs. 22A and 222, but performing resampling using linear

1.0 3ntéﬁ)pﬁja€t%1ﬁt§é%q?’diﬁ8 t6 e %?embodimen_t in a case of using the
teghnique agcarding o, the related art where linear readot.with coheyept

addition is not performed. Fig. 23A illustrates a case of no phase mask,
22rand Fig233-ildstrates a-casedwitophase sk,  Ywhatisgommonf both
between Figs. 22A and 223 and Figs. 23A and 233 is that the value of
FigNMSEds sivalleih thdover-sampliftirate kesuffidientyr drearas do tienpling
aperture size. Specifically, it can be understood that in a case of the

U5 Ber-saifipling Fate OF 2.0°x 2°0°plotted with' €rodde, anti Wittt &n apefitre
re= 380D JORINRE 1909 Salied-and good reprodiiged slonal

prosperities can be obtained.  Taking this premise into consideration

emb@hd-deoking atthe results et the teghnique ascardinghto therelaied ake
SO9P0963 shown in Figs. 23A and 236, in the case of no phase mask

simghewnin Fige23AL the RMSE isPdrotnd 5% i achsenof over-sampling
rate of 2.0 x 2.0 and aperture size of 1.0, which is a value at which

prédtitia use cén %@%ﬁéé?ﬁ&m@éﬁ v ttﬁs?@a?é}cf}h&%%s i"l%waiﬁ.t%ate the
calgﬁ@@@g@g% sity-recording; by myftiplexing hologram.pages ysing . oa e

ase masks In E[%‘IIS case, as a ma ter%{?course.
of Figs. 22A and 22B, but performing resampling using linear
interpeolation according to the first embodiment in a case of
using the technigue according toe the related art where
linear readout with cocherent addition ig not performed. Fig.
23A illustrates a case of no phase mask, and Fig. Z23B
illustrates a case with phase mask.

What is common between Figs. 222 and 22B and Figs. 23A
and 23B is that the value of NMSE is smaller if the over-
sampling rate is sufficlently great as Lo the aperture size.
Specifically, it can be understood that in a case of the
over-sampling rate of 2.0 x 2.0 plotted with cresses, and
with an aperture size of 1.0, the NMSE iz the smallest, and
good reprocduced signal prosperities can be obtained.

Taking this premise into consideration and looking at

the results of the technigue according to the related art
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With the case of Fig. 236 with phase mask, setting an over-sampling rate
of 2.0 x 2.0 and sufficiently reducing the aperture size still yields an NMSE
value of around 10%. This means that in a case of performing phase
modulation as a phase mask at the time of recording with the relateF&#FC 263
the over-sampling rate has to be kept no lower than 2.0 x 2.0.
Conversely, with the case of performing the coherent addition according to
the present embodiment as shown in Figs. 22A and 226, it can be seen
that the NMSE value is lower overall as. compared with that in Figs. 23A
S0y a6 ot et B ng Hhass e g o aid AT
snofaskin Fig, 226, Specifically,yye ean confinpythat the value of NMSE i, -
smaller than 1% if within the range of satisfying the condition of the
samPlygbigt sampling threarem that "oves-samphing rates™ apedurelsize” holdsh
From these results, we can understand that with the present embodiment,
is peproduced Sigrnblipropeiicst SCOP0YE3 apptokimatelyithe sdmeésisowith 1n
..,.. acase of optical pixel matching can be obtained as long as the conditions
“hidt HeSGamptitiy thedrert ard S8tistied? ff OHEF words: €Vehin téséSwhere 9
oy QRal pixel matching Is not.peroymed. peforpinginegs adout with,
coherent addition enables reproduced signal properties equivalent to a
cacsgase of aptical pixel pratehing @ be obtained, by over-sampling and
resamp...ing processing.  Moreover, even in a case with no optical pixel
matehingtdrid thessversahipgling4ate i85t abd pastwayvaluesthat isrotan
multiple of an integer, data can be properly reproduced by sampling using

°ve fingal et Betafior. “S&Cortt Embodiniert™ =3==+eent Iy Fedicing

the aperture size still vields an NMSE value of arcund 10%.
This means that in a case of performing phase modulation as
2 phase mask at the time of recording with the related art,
the over-sampling rate has Lo be kept no lower than 2.0 x
2.0.

Conversely, with the case of performing the coherent
addition according to the present embodiment as shown in
Figs. 22ZA and 22B, it can be seen that the NMSE value is
lower overall as compared with that in Figs. 23A and 23B, in
both cases of no phase mask in Fig. 22A and with phase mask
in Fig. 22B. Specifically, we can confirm that the wvalue of
NMSE is gmaller than 1% if within the rangs of satisfying
the condition of the Nyquist sampling theorem that "cver-
sampiing rate > apsrture size" holds.

From these results, we can understand that with the

present embodiment, reproduced signal properties



Next, a second embodiment of the present invention will be described.
The second embodiment is the same as the above first embodiment in
that the above-described linear readout with coherent addition is
performed, and differs from the first embodiment in that the resamplifig?F0963
processing is performed with a different technique. Resampling by
Extracting Two-Dimensional Clock With the resampling processing
according to the first embodiment described above, a technique is
employed wherein sync positions inserted in a hologram.pages are
2P, Sl the it Bikel poditohs Are Sntidd BRLd o e &t

mat PYSHONS. . Fhalds 1g.say, sync-gepegdentresampling SOPPORES & ¢ 1o

performed with the first embodiment. However, in the case of
sampetfermingsuchrsyacsependent kesampling dorastual practices agtean
number of syncs are preferably embedded in the hologram in order to
casenstfeedéeteAnination pracision ot datalpikelipositionh ata eertaindevel. In
this sense, the technique of Qerformin%s_ nc-dependent resamplin

P bcBintrs diffictities A Rtargiiy the TECGHTY capatity FPlssrohacs
repFYhELith 8 case of pedorming syeepeadentresampling. ofSYBES i ca2

are damaged, there is the possibility that. effective resampling may not be
pixpertarned.iMereaverwhile: syne=aegpendent resamplingiis gxtemely

effective regarding shifting in the planar direction of the received
resampling processing.

Moreover, sven in a case with no optical pixel matching
and the over-sampling rate is set at a partway value that is
not a multiple of an integer, data can be properly
reproduced by sampliing using linear interpolation.

Second Embodiment

Next, a second embodiment of the present invention will
be described. The second embodiment is the same as the
above first embodiment in that the above-described linear
readout with coherent addition is performed, and differs
from the first embodiment in that the resampling processing
is performed with a different technigue.

Resampling by Extracting Two~Dimensicnal Clock

With the resampling processing according to the first
embodiment described above, a technigue is emploved wherein
sync positions inserted in a hologram pages are detected,
and the data pixel positions are identified based on the

sync positions. That is to say, sync-dependent resampling
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age, ensuring placement precision may be relatively difficult in the event

that the image has been enlarged/reduced, and further, ensuring

placement precision may be difficult regarding rotation of the image as

well. In the first place, syncs are intended to be used as informatidiP fdt = €3
sectioning predetermined data increments in a state where bit

synchronization is realized (i.e., where bit sectioning is fixed for each 1T),

but in the case of carrying out procedures of identifying the position of the
synes, andC}hVeJriljc%e .ti}flyin%the Qositi n 8Ethe dﬁqta pixels based on the

e %ync p(r)iéﬂl%ons, as with the first smbo ?merrﬁ?{he syncs are used for bit

synshronization, meaning:that SO9R0963-this usage-is differentifromythen«
originally intended usage. Accordingly, with the second embodiment, a
resiechnique, isipropasectwherein atwe:dimensional clockisrexifactedhformare
the readout image signals, and data pixel positions are identified based on
prefife fio-dint8hsisled €lock. Specifieaily 58 involvesSdrdefingsure
two-dimensional clocks.in the%< dérection of t reado;ég imagft(e.g.bertain

A= L RbTi2o1tar ditedtiony and Y difection (&.oF Vertcal§ Hirection)® and
1evidentifying the, positions.of the data pixels,from ke jntersections thereof.

Identifying data pixel positions based on such two-dimensional clocks
depsaidchdo awaywith dependenceten-synesior identifying the data pixel ng
positions. Configuration of Reproducing Device The following is a

the deseiption of thé RefAfiuTafion 'of fie ebrding/reproducing device

acgording to the.Sgiopd embodigent.T erecordingé/r(-ch_rgducin deJ\C/ice
2CROFNG fo 16 Setond GhiBodimenT ARRIS #3h there -Ceperten

resiggording/reproducing. device 1 accarding to-the firstembadiment oply;in.. ,,
that the Tonfiguration of the data reproducing unit 13 is different, and other
+ ha tonfifurationsaie:thengame as:thasenshovnrindkigsoland 3. Accordingly,,

in the following, the internal configuration of the data reproducing unit 13
whihichyihe réepreintyreprodicing devide Bt cemiingitethe seebpative
r@gggggﬁgnggg%¥iwyl?%d%%gwgyénar direction of the received
image, ensuring placement precision may be relatively
difficult in the event that the image has been
enlarged/reduced, and further, ensuring placement precision
may be difficult regarding rotation of the image as well.

In the first place, syncs are intended to be used as
information for sectioning predetermined data increments in
a state where bit synchronization is realized {(i.e., where
bit sectioning is fixed for each 17T), but in the case of
carrying out procedures of identifying the position of the
syncs, and then identifyving the position of the data pixels

based on the sync positicons, as with the first embodiment,

the syncs are used for bit synchronization, meaning that
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24 is a block diagram illustrating the internal SO9P0963 configuration of

the data reproducing unit 13 which the recording/reproducing device
according to the second embodiment includes. Note that in Fig. 24,
components which have already been described with Fig. 8 are dendtetF V293
with the same reference numerals, and description thereof will be omitted.

As can be understood by comparing Fig. 24 with Fig. 8, the data

reproducing unit 13 of the recording/reproducing device according to the

_. . second embodi t differs from the data reproducing unit 13 in that a
5 o Eagling it 30 N5 Bboni OB o ad oF & FesAr i Qe 23 2

a'ﬁ%é@@&%%@%?%@@'ﬂingk&@it&%@@a&}r{ﬂlﬂ?&ﬁé%%qﬁ@ ynit3d have s
been inserted between the resampling unit 30 and the data distinguishing
propuniad. whe Pedvided invthedésampling anit 30 @aré aitwosdimensiondl form

clock extracting / data pixel position identifying unit 31 and a pixel
the ahfsiRGHE valie FbtdingUniv 32 K5 Siiovin inRigl2aapetions are
ide 1,tlv%/g-fdjrg n%lonaldclock extrac mg_/_&g%?e%%(el | position, identifying unit 31, is

= - .+ . s 1y,
supplied’w ﬁ?r%agéjglgna% foWowmg equaﬁzﬁ%n processing rgr%ctﬁe:Lcal Y

thi Sayalizing diter.22. The tyosdimensional clock extracting L data pixele

position identifying unit 31 performs two-dimensional clock extracting
dirrodessing framdhe émage sighalssimputfrom,the egilatizing filter 22 canicbn )

data pixel position identifying SO9P0963
and y direction (e.g., vertically direction), and
identifying the positicns of the data pixels from the
intersections thereof. Identifying data pizel positions
bazed on such two-dimensional clocks would do away with
dependence on syncs for identifying the data pixel positions.
Configuration of Reproducing Device

The following is a description of the configuraticn of

the recording/reproducing device according to the second
embodiment. The recording/reproducing device according to
the second embodiment differs from the recording/reproducing
device 1 according to the first embodiment only in that the
configuration of the data reproducing unit 13 is different,
and other configurations are the same as those shown in Figs.
1 and 3. Accordingly, in the following, the internal
configuration of the data reproducing unit 13 which the
recording/reproducing device according to the second

embodiment has will be described.

Fig. 24 is a block diagram illustrating the internal
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based on the two-dimensional clock. Note that the specific processing of
two-dimensional clock extracting and data pixel position identifying based

on the two-dimensional clock performed by the two-dimensional clock
extracting / data pixel position identifying unit 31, and the internal SC9F0963
configuration thereof, will be described later. Also, image signals from

the equalizing filter 22 are input to the pixel amplitude value obtaining unit

32, and also input is information of the data pixel positions identified by

e two-dimensignal clock extracting / data pixel pasition identifyjng unit
con L R T aipliide (8 abRg Uritss Bs the TAITLASS
recé{@@ﬁ%ﬁE@%Qé%@iﬁ?;‘go%&kpféé“é@%@é&%é'%é‘sﬁ%ﬂ dhe ggualizing
filter 22, based on the information of the data pixel positions from the
emb dwagimensinnaleleck extractiagicata pixetpasition identifying unit 31lwhich
The specifics of the amplitude value obtaining processing performed by
haveha pixerdmphttide VafueCobiaiing uiift 30wl alsobe deseribeeidarerth the
The page sync positioning unit 33 performs page sync positipning
2 ey B el BT 6 nforation of ahipifd vallet 3t the HALpiRE

oms POsitions obtained by the pixel amplitude value obtaining unit 32. That is
to say, the page sync positioning unit 33 identifies at which position on the

regerdinghfasemat: that the- isentified datacpixelsdmore .SQ9PR968 rig. g,
particularly, the amplitude values thereof) correspond to. Also, the symbol

the exeraetintpanic 84 extractsthé symbofs thinithe hofbgramisageciased on
the information of the data pixels on the recording format that has been

A7 dhiticd By the Pag sYNE poitidhmg TIP3 tn the cadeof the™ “he
dat $€¢20d smbodiment, the amplityde values for eagh, of the data.pixels are.

grouped into increments of symbols by the symbol extracting unit 34, and
be et 46 the:datar-distinguishing urié 24mpote.that the-specifics-ef pages a

sync positioning processing performed by the page sync positioning unit
pagg3sad-thesybchextracting proeéssing performed byaké symibbhy unit

extracting unit 34 will also be described later. Specific Example of

4 TREERNSITG PrORESsiAG by TwH:BimeRSIonaISCIBER EXfatfiot 20 and the

data distinguishing unit 24.

Provided in the resampling unit 30 are a two-
dimensional clock extracting / data pixel position
identifying unit 31 and a pixel amplitude value obtaining
unit 32, As shown in Fig., 24, the two-dimensional clock
extracting / data pixel position identifying unit 31 is
supplied with image signals fellowing egualization
processing from the equalizing filter 22. The two-
dimensional clock extracting / data pixel position
identifyving unit 31 performs two-dimensional clock
extracting preocessing from the image signals input from the

equalizing filter 2Z, and data pixel position identifving
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The following is a description regarding the specifics of the resampling

processing according to the second embodiment. Description will proceed

in the following order. 1. X-Directional and Y-Directional Differentiation 2.

Non-linear Processing 3. Two-Dimensional Fourier Transform ProceZgiigl 263

4. Extracting Clock Signal Component 5. Phase Shift Processing 6.

Inverse Fourier Transform Processing
based on the two-dimensional clock. Note that the specific
processing of two-dimensional clock extracting and data
pixel position ldentifying based on the two~dimensional
clock performed by the two-dimensional clock extracting /
data pixel position identifving unit 31, and the internal
configuration therecof, will be described later.

Alsc, image signals from the egualizing filter 22 are
input to the pixel amplitude value obtaining unit 32, and
also input is information of the data pixel positions
identified by the two-dimensional clock extracting / data
pixel position identifying unit 31. The pixel amplitude
value cbtaining unit 32 obtains the amplitude values at the
data pixel positions in the image signals from the
equalizing filter 22, based on the information of the data
pixel positions from the two-dimensional clock extracting /
data pixel position identifyving unit 31. The specifics of
the amplitude value obtaining processing performed by the
pixel amplitude value obtaining unit 32 will also be
described later.

The page sync positioning unit 33 performs page sync
positioning processing based on the information of amplified
values at the data pixel positions cbtained by the pixel
ampiitude value obtaining unit 32. That is to say, the page
sync positioning unit 33 identifies at which position on the

recording format that the identified data pixels (more

- 111 -



7. Zero Cross Line Extraction S0920 963 8. Zero Cross Line Grid Point

Extraction It should be noted that in the following description, the term
“clock signal" is used in the sense that a "signal" is two-dimensional
having a scalar quantity, and accordingly is equivalent to a S09PC963

two-dimensional image. The coordinate system in expressions of the
image will be represented in the drawings with the X-direction toward the
right and the Y-direction toward the bottom. 1. X-Directional and

Y-Directional Differentiation _ First, Figs. 25 and 26 illustrat
0= R Wvige ShRing A¢ bl RS SoPAR-GI the HhAGS SOReat 11

a1s@ndanunssgaled image from fhe uprsealing wait 21 sespeglively, ote o

that with Figs. 25 and 26, and other images in the drawings which will be
witkeferreddoiater dhenveralidmageds difficutte grasp imdetainsatheche
same position of the image will be used in enlarged form among the
datgrawingss OrFifstsas & prerequisité forhe folaling desesstion: derilf ied
say that the image size of the sensor output.image shown in Fig. 25 is

By Eb%@(%fé’iﬁ&ls?’ﬁﬁﬁel\?/ﬁﬁ% H$§&i_p ion of the first embodiment
given earlier, the over-sampling [ate In.fhis, Gage 152 x.2, S0 I0is means.

that 2 x 2 pixels of the image sensor 11 correspond to one pixel of the
val$dM 4oThatisro say one pixekweorth of iage:atthe sl 4ilsdeceived

with four pixels of the image sensor 11.

increments of symbols by the symbol extracting unit 34, and
input to the data distinguishing unit 24. Note that the
specifics of page sync positioning processing performed by
the page sync positioning unit 33 and the symbol extracting
processing performed by the symbol extracting unit 34 will
also be described later.
Specific Example of Resampling Processing by Two-Dimensional
Clock Extraction

The following is a description regarding the specifics
of the resampling processing according to the second
embodiment. Description will proceed in the following order.
1. X~Directional and Y-Directlonal Differentiation
2. Non-linear Processing
3. Two-Dimensional Fourlier Transfcrm Processing

4. Extracting Clock Signal Component

5. Phase Shift Processing
6. Inverse Fourier Transform Processing
7. Zerc Cross Line Extraction
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SO9P0963 While this ratio can be considered to be generally

constant, the states (phases) of positioning vary widely, and there is
fluctuation within the image as well. Also, even if the ratio is generall

constant, the over-sampling rate changes, and there is fluctuation W%}Qi%PO963
the image as well. Further, it should be noted that there are various types

of fluctuation, distortion, and deterioration within the sensor output image.
Also, as can be understood from the relation between the image size of

the sensor output image and the over- amplin rate, the number of valid
8. p%x%fsooé[) ‘éﬁﬁrjﬁﬁt irslc(g'{jlstgolsl 812 X%Ifﬁ%(é“lgl? Comparing the

sensoLQuipubimage,inkig. 25 apd the image-following, up-scaling inFigr, |

26 shows that the image in Fig. 26 has higher resolution than the image in
the Figs 2b. Icthis-gase, dhe Up-scaling ¢atediis 2062, so-thedmage:size Ofthgnal”
~ image shown in Fig. 26 is 2048 x 2048 pixels, which is double '
is hotizehtaiyrvétically haviosa R 1622 pidelSoRhEimage SHOWHAR G o ly
. 25. Also, it can be understood that this inlagﬂe size of 2048 x 2048 i’xeliiﬁn
1 B OBS ToUr times hoMZomallyvErticalRy the 519 512 pkeld Sfthe
sysédescrbed eadier This is,due fo.4 x4, yp-scaling having beenperformed

overall as a result of 2 x 2 sampling andthen 2 x 2 up-scaling having been
the perfarmed.Vith the present embodiment, twordinmensienalisignalend the
Y-direction toward the bottom.
1. X-Directional and Y-Directional Differentiation

First, Figs. 25 and 26 illustrate a sensor cutput image
serving as detected image signals of the image sensor 11,
and an up-scaled image from the up-scaling unit 21,
respectively. Note that with Figs. 25 and 26, and other
images in the drawings which will be referred to later, the
overall image is difficult to grasp in detail, so the same
position of the image will be used in enlarged form among
the drawings.

First, as a prereguisite for the following description,
we will say that the image size of the sensor output image
shown in Fig. 25 1s 1024 x 1024 pixels. In line with the
description of the first embodiment given earlier, the over-
sampling rate in this case is 2 x 2, so thilis means that Z x
2 pixels of the image sensor 11 correspond to cne pixel of

the SLM 4. That is to say, one pixel worth of image at the

SLM 4 is received with four pixels of the image sensor 11.



S0O9P0963 (image) following up-scaling such as shown in Fig. 26 are
processed to extract the X-direction clock and Y-direction clock included in
the image, and data pixel position identification is performed based on the
extracted clocks. That is to say, the positions of each of the pixels irthef 0263
SLM 4 are identified in the image. To this end, first, the

two-dimensional signals following up-scaling are subjected to each of

X-direct on differentiation processing and Y-direction differentiation

processing. Figs. 27A and 278.illustrate il e processing masks din
i i reriaton 6rosRsSiag i Tis Gase. Eig. 27 A MUBTatba et = 17

conZedikectiondifferentigtion maskused for Xdirection differentiafion; and ,,
Fig. 272 illustrates a Y-direction differentiation mask used for Y-direction
and differentiationt AscshowniinrFigs.t:27&kand 273pthese asaskslare Also,
two-dimensional impulse responses with the center position as the origin,
evepndlconvBlutivh teredf 4816 thelihadeperfotins X-dirécfioie r—sampling
. diffenrgntiation anddY;quection diff{glrentii:agiop respecg:i\éelx h Itis widely -
FA - Underdtdod that the term Tmage processing maskmay also be cafed.
we1i0peraigreEheseimagks.areXdirection differentiation and.Y-diregtion, ;s

differentiation making up a Sobel operator for image processing as
typ&eseribed akker, and is\widely used inodifferentiatien pracessingon within
Specifically, the size of these masks is a total of 9 SO9P0963
the ssnsor output image.

Rlso, as can be understcod from the relation between
the image size of the senscr ocutput image and the over-
sampling rate, the number of valid pixels of the SILM 4 in
this case is 512 x 012 pixels.

Comparing the sensor output image in Fig. 25 and the
image following up-scaling in Fig. 26 shows that the image
in Fig. 26 has higher resolution than the image in Fig. 25.
In this case, the up-scaling rate is 2 x 2, so the image
size of the image shown in Fig. 26 is 2048 x 2048 pixels,
which 1s double horizontally/vertically the 1024 x 1024
pixels of the image shown in Fig. 25. Also, 1t can be
understood that this image size of 2048 x 2048 pixels in Fig.
26 1is four times horizontally/vertically the 512 x 512
pixels of the SLM 4 described earlier. This is due to 4 x 4
up-scaling having been performed overall as a result of Z x

2 sampling and then 2 x 2 up-scaling having been performed.

With the present embodiment, two-dimensional signals
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pixels of 3 x 3 pixels, and the X-direction differentiation mask pattern is

"-1, 0, +1","-2, 0, +2", "-1, 0, +1", for the X-direction lines (rows) in order

from the top. Also, the 1-direction differentiation mask pattern is "-1, O,

+1", "2, 0, +2", "-1, 0, +1", for the Y-direction lines (columns) in ordér¥forR 63
the left. As for differentiation processing using these masks,

X-direction differentiation using the X-direction differentiation mask and
1-direction differentiation using the 1-direction differentiation mask are

. perfor e(er independently with the present embodiment, That is to ay, the
(T e hOHAF hale Sigrats FlIoiAg up-Scallid tre Bishivtted & NG
proSYSems, with.one, performing convolution with the, Xpditecliop_« s rection
differentiation mask, and the other performing convolution with the
clodkditectionaditierentiatien maskeThatis teisay, the two systems.of
two-dimensional image signals subjected to X-direction differentiation
idemredalssingiand two-Binidrisional image Signalstsubjeetbd a6 ediraetion ks -
differentiation processing are obtained as a result of the differentiation

Thapgceskihg®in this taSe O S 1as o thé Spééific: contehtSof differentitior ©
1M pgo%ej%in:gégh@fgwgadim@nﬂ%aimﬁ%q signals following up-scaling, the

center of the mask is aligned with one object pixel, and the values of the
coreespandingpositions ©f the: mask.ase multiplied-emn thesvalues ef the
object pixel SO9P0963 and the surrounding pixels. The nine values

fol bbtdined asaTesdli afe added up, & e resuks theredf aredhgectlon
differentiation processing results for the object$ixel. Thisﬁrocessing IS

ALE préforthed onBachipikel i thietvio dintertsioniat Sighals foiofg === =+ °7
prodP:scaling. yi\rggmag%gbﬁae% ag the result of such differentiation. . ; -

processing having been performed is an image wherein the greater the
mas kbange i amplitude yatue:(.exgradiest otluminance) ©f arpartian ot thee .
image following up-scaling is, the greater the absolute value of the
Fig amplitudelatthatrportion dst 1K otierasdrasnwith ahdmrige fellowingmask
differentiation processing that is obtained in this way, the greater the

1sedpite vAlhe 5 At 8 Portioht T Greaterthe gradient dFunriance is at
1118 t%"{%%,”-a&&ﬁb partion where the gradientaf lyminance Is great,is v

called an "edge". The edge component is an important information source
dirdorclogk extractionntiation. As shown in Figs. 27A and 27B,
these masks are two-dimensional impulse responses with the
center position as the origin, and convelution thereof as to
the image performs X-direction differentiation and Y-
direction differentiation, respectively.

It is widely understood that the term "image processing
mask”™ may alsc be called "operator™. These masks are X-
direction differentiation and Y-direction differentiation
making up & Sobel operator for image processing as described

alter, and i1s widely used in differentiation processing.

Specifically, the size of these masks is a total of ¢
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Now, the masks shown in Figs. 27A and 27B have smoothing effects, so a
balance with other filter processing should also be taken into
consideration. Also note that there are many masks having differentiation
effects, other than those described here, and these may be selectePaAd 0963
used as suitable. Moreover, the masks described here are 3 x 3 in size,
which is odd number x odd number, meaning that there is no offset of the
position (phase) of the pixel of SO9P0963 interest even after convolution.

oixd]ls preferadle n that separate alianment does nothave o he taken, , o,
into consideratiort. 2 Kohlinear Processing. fe above-describe

ma s differentiatipn; proeessing yields-two-dimensional image signgls having o r
been subjected to X-direction differentiation, and two-dimensional image

the signals havingibeehrstbjectedvto) Y- directior differemtiation. These Alsco,
two-dimensional image signals are further subjected to nonlinear

the pioGESERT HT S bASE THOGESHIG PorbE TG HERolute Falles: O 1"

. ~ (absolute valye processing),is performed as the non-linear processing.

2 O 5 A 38 sy ate ek hiCH B TG BUSE SO Sotained

(oo follovdng sHch ahsolute value processing. Fig. 28 illustrates X-direction
timing pulse signals obtained by absolute value processing being
pexformed ah thestwendimenstonab image signglsifellowingithe X-disedtion X -
differentiation, and Fig. 29 illustrates Y-direction timing pulse signals

dlreptained By absskitd valle Prosessivg bemgpefformed birthe
wo-dimensipnal image signals following the 1-direction differentiation.

differentiation ma rectic > atlon Wsin
IYSE as can 86 seen from these dlrawmgs, fhe diréction fim]‘"ng pulse g

the Signals-and the, 1-direetion fiming pulse,signals, ate potbinarysignals but
multi-value signals (i.e., grayscale image). This may be binarized of
indepdrsgsntly with the present embodiment. That i1s to say,
the two-dimensional image signals following up-scaling are
distributed to two systems, with one performing convolution
with the ¥-direction differentiation mask, and the other
performing convelution with the Y-direction differentiation
mask. That is to say, the two systems of two-dimensional
image signals subjected to X-direction differentiation
processing and two-dimensional image signals subjected to Y-
direction differentiation processing are obtained as a
result of the differentiation processing in this case.

As for the specific contents of differentiation
processing, in the two-dimensicnal image signals following
up~gscaling, the center of the mask 1s aligned with one
object pixel, and the values cof the corresponding positions

of the mask are multiplied on the values of the object pixel



S0O9P0963 but with the present embodiment, clock extraction is

performed from multi-value signals. The reason is thus: the sampling rate

is 4 x 4, which is relatively small, so maintaining the intensity and

waveform of the edge signals by keeping multi-value rather than bin8HZiRg2¢3
suitably maintains the phase information (timing information) thereof. The
clock signals are suitably extracted as fitting thereto in later brocessing.

As can be understood from comparing Fig. 28 with the above-described

Figs. 25 and 26, the X-direction differentiation and absolute value
2 i cSing SIS BORORE 1T e CHUIAY G WAIGH cHaNGE o =° =

: o : . N hat is
res\White o blackorfrom back to white in luminance in.the-X direction, T
to say, edge portions in the X direction are extracted. In the same way,
dif cempating Figr2 S with 4hes ahove-deserihedricigs -2& ant 26 shows:dbat
_Y-direction differentiation and absolute value processing extracts edge
ThipoRiohsaA ey difectivA L3 TWwe DimensionaPF&6rer Fransformwo -
Processi . The_X-direction timing pulses obtained by the X-direction

TGk Shation St alsdldte VAT rotessing above, and the Y-direction
timing puises otained by the Yedirection differentiation, and abselulg ; ;v 5 op
value procéssing, are each subjected to two-dimensional Fourier

protragstorm precessing seasde petformdrequensy analysisyibeoén tne

greater the change in amplitude value (i.e., gradient of
luminance) of a portion of the image following up-scaling is,
the greater the absolute wvalue of the amplitude at that
portion is. In other words, with an image following
differentiation processing that is obtained in this way, the
greater the absoclute wvalue 1s at a portion, the greater the
gradient of luminance is at that portion. Such a portion
where the gradient of luminance is great, is called an

"edge¥. The edge compcnent is an important information

source for clock extraction.

Noew, the masks shown in Figs. 27A and 27B have
smoothing effects, so a balance with other filter processing
should also be taken into consideration. Also note that
there are many masks having differentiation effects, other
than those described here, and these may be selected and
ugsed as suitable. Moreover, the masks described here are 3
®x 3 in size, which i1s odd number x odd number, meaning that

there is no offset of the position (phase) of the pixel of
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SO9P0963 direction clock component and Y-direction clock component

can be extracted from the analysis results thereof. In the case of the
present embodiment, FFT (Fast Fourier Transform) is performed for the
Fourier transform. FFT is a widely-used algorithm for obtaining the saf® 0963
results as DFT (Discrete Fourier Transform) at high speeds. Figs. 30

and 31 illustrate analysis results of the X-direction timing pulse signals by
two-dimensional FFT, and analysis results of the Y-direction timing pulse

. signals by two-dimensional FET, respectively. Now, the X-direction timin
it R G ahd 8 YRR PESTR TR puck St disaré SAEADRg . That

- <2048 pixels in size.-and when subjected to two:dimensional EET, this

yields compléx number arrays 2048 x 2048 pixels in size. Before
con geserihing the. analysis results of two-dimensional FFT, the description of
the concept of two-dimensional FFT will be given here. Definition The
2. définitions oEDFT AR (laverse DFT, i.e., Inverse Discrete Fourier
Transform), which serve as the basis for FFT and IFFT (Inverse EFT, i.e.

InvetSe Fast Botie Fransforiy até 58 Shodh in EXpessTsirt afd =14
twofg¥£¥ﬁé%X%%%HigéggxgyﬁﬂgﬂQ“%%é&ng been subjected to X-

direction differentiation, and two-dimensional image signals
having been subjected to Y-direction differentiation. These
two-dimensional image signals are further subjected tc non-
linear processing. In this case, processing for obtaining
absolute values (absclute value processing) 1s performed as
the non-linear processing.

Figs. 28 and 29 illustrate images which are timing
pulse signals obtained following such absoclute value
processing. Fig. 28 illustrates X-direction timing pulse
signals obtained by zbsclute value processing being
performed on the two-dimensional image signals following the
X-direction differentiation, and Fig. 29 illustrates Y-
direction timing pulse signals obtained by absclute value
processing being performed on the two-dimensional image
signals following the Y-direction differentiation.

First, as can be seen from these drawings, the X-
direction timing pulse signals and the Y-direction tTiming
pulse signals are not binary signals but multi-value signals

(i.e., grayscale image). This may be binarized of course,



x=0 y=0Ai SO9P0963 where M represents the X-directional image

size, and N represents the Y-directional image size. Both are 2048 pixels

in this case.  Also, f(x, y) represents an image of 2048 x 2048 pixels.

With the x axis toward the right and the y axis toward the bottom, x =09P0263

integers of 0, 1, ..., 2047, and y = integers of 0, 1, ..., 2047, having

grayscale values at each of the coordinates.
but with the present embodiment, clock extraction is
performed from multi-value signals. The reason is thus: the
sampling rate 1s 4 x 4, which is relatively small, so
maintaining the intensity and waveform of the edge signals
by keeping multi-value rather than binarizing suitably
maintaing the phase information (timing information) thereof.
The clock signals are suitably extracted as fitting thereto
in later processing.

As can be understood from comparing Fig. 28 with the
above-described Figs. 25 and 26, the X-direction
differentiation and absclute value processing extracts
portions in the original image which change from white to
black or from back teo white in luminance in the X direction.
That 1s to say, edge portions in the X direction are
extracted. In the same way, comparing Fig. 29 with the
above-described Figs. 25 and 26 shows that Y—direc;ion
differentiation and absclute value processing extractis edge
portions in the Y direction.

3. Two-Dimensional Fourier Transform Processing

The X-direction timing pulses obtained by the X-
direction differentiation and absolute value processing
above, and the Y-direction timing pulses obtained by the Y-
direction differentiation and absclute value processing, are

each subjected to two-dimensional Fourier transform

processing so as to perform frequency analysis. The X-

- 119 -



F(fx, fy) represents the results of transform by FFT, which are complex
numbers. The fx and fy are variables of frequency regions, with fx
representing X-directional frequency and fy representing Y-directional
frequency, wherein ix = integers of 0, 1, ..., 2047, and fy = integers o1 ©?410963
..., 2047. Frequency Basically, while frequency should be defined in

terms of how many cycles of sine waves fit into a unit length, here, the
provided image size will be taken as the unit length, to facilitate the

i follcowing dfscrﬁ)tion. With thte X-dge%ti_o al freguency %s an exam Ien, ho%/v
M("?ncanjyocnyci:esoi info A" Fé%réﬁ%leqﬁi@alent o-the Width 'of t Ce)cfma%:j%l e X

can digction (M pixels, 4.£.,2048.pixels) isdhe X-dicectional frequency. In the

same way for the 1-directional frequency, SO9P0963 how many cycles fit

intra length-eguivalent toztheheightof ¢he boage: incther¥é diregtion: (N

pixels, .e., 2048 pixels) is the Y-directional frequency.
Fourier Transform) is performed for the Fourier transfocrm.
FFT is & widely-used algorithm for obtaining the same
results as DFT (Discrete Fourier Transform; at high speeds.

Figs. 30 and 31 illustrate analysis results of the X-
direction timing pulse signals by two-dimensional FFT, and
analysis results of the Y-~direction timing pulse signals by
two-~dimensional FFT, respectively. Now, the X-direction
timing pulse signals and the Y-direction timing pulse
signals are each 2048 x 2048 pixels in size, and when
subjected to two-dimensional FIFT, this yields complex number
arrays 2048 x 2048 pixels 1in size. Before describing the
analysis results of two~dimensicnal FFT, the description oI
the concept of two-dimensional FFT will be given here.
Definition
The definitions of DFT and IDF (Inverse DFT, i.e.,

Inverse Discrete Fourier Transform), which serve as the

basis for FFT and IFFT (Inverse FFT, i.e., Inverse Fast

Fourier Transform) are as shown in Expression 1 and 2.

M—1N=]
F(fx,fy)ﬂ-M%—ﬁ-ZZf(x,y)exp{w Zﬁj(fx wf—}-&». . %)} «+ = Expression 1

xal} yrel)

f(x,») mi ZF’(fx,fy)exp{Z?rj (fx -ﬁ;+fy %)} =« = Expression 2

fmef,=
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Positive and Negative Frequencies Now, fx and fy are non-negative
integers by definition as described above, but the upper half thereof match
negative frequency components. Demonstration Substituting fx = -k
and fx = M - k (where k and x are an integers) into Expression 1 yieI8§990963
F(-k, fy) = F(M - k, fy) which are equal. This arrangement wherein the
upper half is viewed as negative frequencies is more readily
understandable since the frequencies have origin symmetry, and this
acrees with having the centerof 3 laterdesciibed power specttum bird.
eye'sVviéw as f?é)quency zera. Accor mng, hérdina er, the upper%alf wﬁ
repPeiewed as negative frequencies. NQwethisimay beunderstoed as4
taking the upper half of

pixels in this case.
Alsc, f(x, vy) represents an image of 2048 x 2048 pixels.

With the x axis toward the right and the y axis toward the

bottom,
¥ = ilntegers of 0, 1, .., 2047, and
y = integers of 0, 1, .., 2047,

having gravyscale values at each of the coordinates.

F{fx, fy) represents the results ¢f transform by FFT,
which are complex numbers. The fx and fy are variables of
frequency regilonsg, with f£x representing X¥-directional
frequency and fy representing Y-directional frequency,
whersin

fx = integers of 0, 1, .., 2047, and

fyv = integers of 0, 1, .., 2047.

Frequency

Basically, while frequency should be defined in terms
of how many cycles of sine waves fit into a unit length,
here, the provided imege size will be taken as the unit
length, to facilitate the feollowing description. With the
X-directional frecuency as an example, how many cycles fit
into a length eguivalent to the width of the image in the X
direction (M pixels, 1.e., 2048 pixels) is the X~directional

fregquency. In the same way for the Y-directional freguency,



fx =0, 1,1023, 1024,2046, 2047 and viewing the upper half as negative
frequencies as fx =0, 1, _, 1023, -1024,-2, -1 and further moving the
upper half to the front to transform into the frequency order of fx =
-1024,-1, 0, +1,+1023. SO9P0963  This holds true for fy as well 5§ ¥ 0203
the frequency analysis results of the 2048 x 2048 points can be
understood as analysis results of positive and negative frequencies of
how many cycles fit into a length equivalent to the height
of the image in the Y direction (N pixels, i.e., 2048
pixels) is the Y-directional frequency.
Positive and Negative Freguencies

Now, fx and fy are non-negative integers by definition
as described above, but the upper half therecf match
negative freguency components.

Demonstration

Substituting fx = -k and fx = M ~ k (where k and x are
an integers) into Expression 1 yields

F(-k, fy) = F(M ~ k, fy)
which are equal.

This arrangement wherein the upper half is viewed as
negative frequencies i1s more readily understandable since
the frequencies have origin symmetry, and this agrees with
having the center of a later-described power spectrum bird
eye's view as frequency zero. Accordingly, hereinafter, the
upper half will be viewed as negative frequencies.

Now, this may be understood as taking the upper half of

fx = 0, 1, .., 1023, 1024, .., 2046, 2047
and viewing the upper half as negative frequencies as

fx = 0, 1, .., 1023, -1024, .., =2, -1
and further moving the upper half to the front to transform

into the frequency order of

fx = =1c¢24, .., -1, O, +1, .., +1023.
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fx =-1024,-1, 0, +1,+1023 fy = -1024,-1, 0, +1,+1023 due to index

transform of the array as suitably implementable. Note that the

frequency +1024 might be kept at +1024 Instead of changing to the

negative -1024, but will be taken as negative here. Meaning of F(fx, %5;)9%963
As with the Expression 2 above, the image can be broken down Into

various frequency components, and conversely is represented as the sum
thereof. The frequency components are the items within the E in

Expression 2,and are expressed by the fqllowing Expression 3 2 H{f
analysis results of the 2048 x 2048 points can be understood
as analysis results of positive and negative frequencies of

fx = -1024, .., -1, 0, +1, .., +1023

fy = ~1024, .., -1, 0, +1, .., +1023
due to index transform of the array as sultably
implementable.

Note that the frequency +1024 might be kept at +1024
instead of changing to the negative -1024, but will be taken
as negative here.

Meaning of F(fx, fv)

As with the Expression 2 above, the image can be broken
down into various freguency components, and conversely 1is
represented as the sum therecf. The freguency components

are the items within the X in Expression Z, and are

expressed by the fcllowing Expression 3
. X Vv i
!?Qﬁaj;)exp{zﬂj[ji-Eznkj;-}EJ} Expression 3

where the exponential portion is a plane wave wherein
X~direction frequency = fx and Y-direction freguency = fy.
Fifx, fy) provides intensity and phase to the pane wave.
Conjugate component

While Expression 3 is complex numbers, in this case
freguency analysis is performed of a grayscale image which

is real numerical values, so tThe c¢rigin symmetrical negative
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yl f)exp.-x+fy M N Expression 3 where the exponential portion is a
plane wave wherein X-direction frequency = fx and Y-direction frequency
= fy. E(fx, fy) provides intensity and phase to the pane wave. Conju%ate
component  While Expression 3 is complex numbers, in this case U5p0563
frequency analysis is performed of a grayscale image which is real

numerical values, so the origin symmetrical negative

frequency component F(-fx, -fy} is a complex conjugate with
F{fx, fvy), and taking the sum of these eliminates the
imaginary number portion and yields the real number.
Accordingly, the complex numbers of Expression 3 can be
understood as being the frequency component, and only the
positive freguencies should be noted. The real part can be
taken when individual waveforms of the freguency component
are called for.
Plane Waves

In terms of real numbers, the plane wave 1s as shown 1n

Expression 4
A-cos 27 f, ——Jiw‘-f 2 + G === Expression 4
M 7N

where A = [F{fx, fy)] holds, and 6 is the argument of
F(fx, fy). A should be doubled if the complex conjugate
component of F(fx, fy) is incliuded, but with the present
emboediment, the absclute value of amplitude is irrelevant,
and accordingly will be ignored.
Frequency

The wavefront of the above plane wave 1is linear, the
normal direction thereof is the direction of vector (fx/M,
fy/N), and the freguency L is as shown in the following

Expression b.
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SC9P0963 frequency component F(-fx, -fy) is a complex conjugate with
F(fx, fy), and taking the sum of these eliminates the imaginary number
portion and yields the real number. Accordingly, the complex numbers of
Expression 3 can be understood as being the frequency component?8ﬁ30963
only the positive frequencies should be noted. The real part can be taken
when individual waveforms of the frequency component are called for.
Plane Waves In terms of real numbers,the plane wave is as shown in

1 - Expression 4

2 2

Aig; . giﬁ -« «Expression 5
M N

reguency Analysis

By performing frequency analysis using two-dimensional
FET in this way, to break down the provided grayscale image
into components which are plane waves of varicus freguencies
with Expression 1, the configuraticn breakdown thereof can
be found out. Obtaining the sum of all components as with
Expression 2 restores the original image.

Description will now return to Figs. 30 and 31. In Fig.
3C, the intensities of the freguency components (F(fx, fy)
squared) cbtained by two-dimensional FFT of the X-
directional timing pulse signals shown in Fig. 28 are shown
in a bird eve's view. Alsc, in Fig. 321, the intensities of
the freguency components obtained by two-dimensicnal FFT of
the Y-directional timing pulse signals shown in Fig. 28 are
shown in a bird eye's view.

As shown in these drawings, with the analysis results
of two-dimensiconal FFT, the frequency axes are the two axes
of fx and fy, and the point of c¢origin 1s the intersection of
the two axes. Alsc, fx and fy each have both pesitive and
negative freguencies.

Also, the results of two~dimensicnal FFT are 2048 x

2048 points, but attempting to put all that information into



A . cos 217- (xv 2- + -- Expression 4

S09P0963

a drawing would result in a complicated drawing that would
not be meaningful, so Figs. 30 and 31 are shown with the
resolution reduced to 1/32. As a matter of course, the
resolution does not have to be reduced with the actual
internal processing.

Also, while only intensity is indicated as a power
spectrum to facilitate understanding of the drawing, and the
phasgse information of F{fx, fy) which are complex numbers is
not shown, 1t should be noted that in the internal
processing, complex numbers are handled as such and phase
information is alsco handled without and not left out.

In the case of Fig. 30, there are great peaks at a
freguency of fx = 512, fy = 0, and the origin symmetry
position thereof. The peak portion at fx = 512, fyv = 0 is
the clock signal component in the X direction. The cycle of
the plane wave equivalent to this frequency can be obtained
by Expression 5 described above. In this case, M = N = 2048
holds, so the cycle L =4, This is due tc the over-sampling
/ up-scaling rate in this case being 4 x 4. Alsc, the
necrmal direction of the wavefront of the plane wave has a Y
component of "0" due to (512, 0), so this matches the X axils,
which is logical. To begin with, the image in Fig. 28 which
is the input image to the two~dimensional FFT has a great
number of X-directional edge components. The basic interval

of the X-directional edges in the ¥ directicon is 4, and
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S09pP09%e3

while the inter-edge interval distances may be short or long,
they are multiples of this basic interval 4. The reason is
that the overall scale due to over-sampling and up-scaling

is four times, and the positions at which edges occur are at
boundaries of data pixels of the SLM 4 (i.e., secticns of
data pixel increments). Such maerked features have resulted
in the peak at fx = 512, fy = 0 in the analysis in Fig. 30.

Now, obtaining the IFFT of the sum of all analyzed
freguency components would restore the original X~direction
timing pulse shown in Fig. 28, and restricting components
would obtain waveforms of the relevant components. For
example, perfcocrming IFFT cn just the center component cof the
peak portion, a plane wave can be obtained as a clock signal
corresponding to the waveform of the center component of the
X-direction edge signal, which i1s the X-direction timing
pulse signal. That is to say, while edges are scattered
throughout the image, the center component is such that a
single plane wave waveform is extracted which has a cycle of
4 and which is synchronized with the edge occurrence
position.

Aiso, performing IFEFT of the center component of the
peak portion and the surrounding frequency components would
obtain a plane wave as a clock signal corresponding to the
primary components of the X-direction. In this way, in the

event of performing IFFET of not only one fregquency component
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S09P0963

contributing to the peak but also the surrounding frequency
components as well, not a single plane wave but a plane wave
clogse to it is obtained. The surrounding freguency
components are sideband components, which contribute o
slight fluctuation in the amplitude and phase of the singie
waveform. These fluctuations can be said to reflect
Jittering within the image. Accordingly, performing IFFT
including these sidebands as well enables clock signals to
be obtained which faithfully reflect varicus types of
fluctuations within the image {(enlargement/reducticn,
rotation, distortion).

With the description above, description has been made
with clear-cut numerical values wherein the overall scale of
over~gampling and up=-scaling is four times, the cycle 1is 4,
and the X-directional clock signal component is fx = bl2, fy
= 0, but these are design values, and in reality there is
fluctuation from these values, and generating clock signals
which fellow such fluctuations is the criginal intent.

Alsc, the analysis results regarding the Y-direction
timing pulse signals shown in Fig. 31 is the same as the
case in Fig. 30 except for the difference of X direction and
Y direction. That is to say, the peak porticn of the power
spectrum is centered on fx = 0, fy = LHlZ. This peak
component is the clock signal component in the Y direction.

4. Extracting Clock Signal Component
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where A = JF(fx, fy) holds, and 0 is the argument of F(fx, fy). A should be
doubled if the complex conjugate component of F(fx, fy) is included, but

with the present embodiment, the absolute value of amplitude is irrelevant,
and accordingly will be ignored. Frequency The wavefront of theS09F 0963
above plane wave is linear, the normal direction thereof is the direction of
vector (fx/M, fy/N), and the frequency | is as shown in the following

Expression 5. SO9P0963 |

Search Range of Clock Signal Component

When searching for a peak portion from the analysis
results of two-dimensional FEFT as describsd above, a
predetermined search range 1s setf beforehand. Specifically,
a predetermined range centered on the point of fx = 512, fy
= 0 in the two-dimensional FFT analyvsis results in Fig. 30
is set for such a search range, and a predetermined range
centered on the point of fx = 0, fy = 512 in the two-
dimensicnal FFT analysis results in Fig. 31 1is set.

Now, it should be noted that with 2 hclogram
recording/reproducing svstem, how many pixels of the image
sensor 11 will receive image light for one pixel worth of
the SLM 4 is determined, and the number of valid pixels of
the SLM 4 generating the signal light 1s determined, so how
many plxels of the SLM 4 will fit into the image sensor 11
from edge to edge in the X direction and Y direction.
Accordingly, a positicon where a peak portion will appear in
the freguency analysis results can be estimated to a certain
degree from the information thereof. Specifically, with a
holeogram recording/reproducing system, the optical system
has been designed such that basically, the range of all
valid pixels of the image sensor 11 match the range of all
valid pixels of SLM 4, so ideally, 1t is foreknown that b51Z
data pixels fit into the X direction and Y direction on the

image sensor, with point fx = 512, fy = 0 being the ideal
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Frequency Analysis By performing frequency analysis using
two-dimensional FFT in this way, to break down the provided grayscale

image into components which are plane waves of various frequencies with
Expression 1, the configuration breakdown thereof can be found out>0¢FC963
Obtaining the sum of all components as with Expression 2 restores the
original image.  Description will now return to Figs. 30 and 31. In Fig.

30, the intensities of the frequency components (F(fx, fy) squared)

o 20teed by two-dimensional £ET of the X-directional iming pulse signals, .
PE2Shown i Fig. 28 are Shown'in'a bird 8Yes view. Aldo, in Fig. 3¢, the ™ PO+t

£x dntensities of thefrequency components ghtained hy: wosdimensional FET
of the Y-directional timing pulse signals shown in Fig. 29 are shown in a

dirbirdeye'saviewy s sAs shavvn in these drawings, with the analysis results
of two-dimensional FFT, the frequency axes are the two axes of fx and fy,
antPthe Boint offorigitis the intérseefion 6F theliwetaxes: Aiso, I ahdl fy

ima each ha?l/e both ﬁgsitivq and negative frequencjes{i Also, tge r%sulgg,of d
1 (%'V&\Elo_ﬁa.llr%engil%ng l@.]f%fel’lg E@XHCL].ON; roecatlon, 13CCrtlorn, an

so forth, so the pesak position will appear at a position
offset from this ideal pcint, which serves as a reference,
in accordance with such fluctuation. At this time, the
distance from the point of origin of the peak position is
the frequency of the clock signal, and the direction of the
peak position with the point of origin as a reference
matches the normal direction of the plane wave which is the
clock signal. In a typilcal example, 1f the reproduced image
is enlarged or reduced, the frequency of the clock signal
falls or rises, and the distance from the point of origin to
the peak position decreases or increases. Also, in the
event that the reproduced image is rotated, the normal
direction of the plane wave serving as the clock signal
rotates by the same angle, so the peak position 1s offset
from the axis.

Nete that the results shown in Figs. 30 and 31 assume a
clean image with no fluctuation, and accordingly are
iillustrated with the peaks at the ideal positions of fx =
512, fy = 0, and fx = 0, fy = 512, respectively.

Taking these into consideration, with the present
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2046 points, but attempting to put all that information into 30930963 a
drawing would result in a complicated drawing that would not be

meaningful, so Figs. 30 and 31 are shown with the resolution reduced to

1/32. As a matter of course, the resolution does not have to be reduced "0 263
with the actual internal processing. Also, while only intensity is

indicated as a power spectrum to facilitate understanding of the drawing,

and the phase information of F(fx, fy) which are complex numbers is not

embé@?“@h%thugégangggégagaEP%%?SP lPﬁXf?S@QSEQWp%% = ()] 25 a
numbers are handled as such and phase information is also’handled

rerdVithout and notleftout. 1o ndhe case ot Fig. 30 there are great peaks at
a frequency of fx = 512, fy = 0, and the origin symmetry position thereof.

dirddeipeaktporiion apfxis 612 fyr=0 isithel glock sighaliddmporent ia the X
direction. The cycle of the plane wave eqyivalent to this frequency can be

Predbigned By Expréstion’s destfosd Shove! IR this tadé, M FREEsGASE 18
holds, so the cycle L =4. This is due.to the over-sampling / up-scaling rate

et S this E5s& Béirg4 X Z?Rls%?ﬁ*?eengﬁﬁaltd?r%cﬁor% Bﬁ%%gvbg\ﬁe?r%rﬁl of the

oul Planewave has a1y, compenentefs'0” duetekals,0)ise His maichesthen
X axis, which is logical. To begin with, the image in Fig. 28 which is the

is irpuidmage te thestwdzdimensional FFT has a great number of

X-directional edge components. The basic interval of the X-directional
edﬁ%sﬁﬁ%%%?(ﬁﬁﬁﬁ@ﬁ%@4t§ﬁ§ there 18 a tradeoiff in setting

such a search range size. For example, 1f the search range
is too narrow, the range of handling fluctuations in the
reproduced image tends to be narrow, but error in peak
search will tend to be smaller. Conversely, 1f the search
range is too wide, the range of handling fluctuations in the
reproduced image tends to be wide, but the probability of
erronsocus peak detectlion increases.

In light of this, with the present empbodiment,
rectangular regions of around #10% of the reproduced image
range, centered on each reference point, are set as search
ranges. The values of the reference points are fx = 512, fy
= 512, so 10% thereof is roughly 50 (512 x 0.1), and
accordingly in this case a rectangular region of 101 (50 + 1
+ 50) x 101 {50 + 1 + 50) is set as the search range. Also
note that the size of the search range may be optionally set,
and is not restricted to the above side. Also, the shape of

the search range 1s not restricted to a rectangle, and may
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SO9P0963 while the inter-edge interval distances may be short or long,
they are multiples of this basic interval 4. The reason is that the overall
scale due to over-sampling and up-scaling is four times, and the positions
at which edges occur are at boundaries of data pixels of the SLM 4 §g2F0263
sections of data pixel increments). Such marked features have resulted in
the peak at fx = 512, fy = 0 in the analysis in Fig. 30.  Now, obtaining
the IFFT of the sum of all analyzed frequency components would restore
se Bgoriginal Xedirection (ming pulse shown in Fig. 28, and restricting
componentspwodld obtain Waveforms of the félevant components. For
Ext 8XeMple, peHormingJEE Ton-jushthe.cener compenent of the peak
portion, a plane wave can be obtained as a clock signal corresponding to
the wavetorm:afithe Tenter component of thie, X dlireetion edge signak e
which is the X-direction timing pulse signal. That is to say, while edges are
det geattsred TRDUBRBHL the iMage X thelce il compaieritss suctpthat hs and
e SiNgle plane wave wa;efor,m is extracted which has a cycle of 4 and which

Shized with Ihe 2d§e octirternce position. ©SAlS pSitsiTRG - °*

is' Synchro

the IRfL obthecenter.compenent of the peak portion, angithe suroupding: sz re

frequency components would obtain a plane wave as a clock signal
comporrespondirg: to-thetprirnaryreonpeneds of thedX-directiam In 1his ways dhal
the event of performing IFFT of not only one frequency component

COmMSTTPOTB3 coMtisutineio thE peak it Al theSufrbuRdmgTreueney the

nents as well, not a si gl%ﬁlane wave b%t ﬁélane wave close to it
e

Aot R RTE FhB S HbURAAT el on ey FORERE SreatalRes chereo:
wi1 components, which.contributg ta slight f&%@“é@ﬁ%@ﬁmitu%%ﬁdﬁ

phase of the single waveform. These fluctuations can be said to reflect
clofitterdngywithindbegmage - Accardingly, pedoemingdkbIdneluding these

sidebands as well enables clock signals to be obtained which faithfully

refléc varidds dypesof flutiuations Withimthetiffdgbt s of extracting

(enlarlqement/redu tion, rotation, distortioq)l. ,
the X clock signal component and the results of extracting

the Y clock signal component, respectively. As shown in
these diagrams, a rectangular region of 11 x 11 in size, for
example, with the center as the reference thereof, is set
for the peak portion detected by the search. This number 11
is reached by taking the sideband size on the positive and
negative sides each as 5, and alsc counting the center point
as 1, i.e., 2 x 5 + 1 = 11, It should be further noted that
the shape of tThe extracting range 1s not restricted to a
rectangle, and may be other shapes, such as a circle, or the
like.

It should be noted that there is a tradeocff in setting

such a extracting range size, and accordingly should ke
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With the description above, description has been made with clear-cut
numerical values wherein the overall scale of over-sampling and
up-scaling is four times, the cycle is 4, and the X-directional clock signal
component is fx = 512, fy = 0, but these are design values, and in reafty?0 963
there is fluctuation from these values, and generating clock signals which
follow such fluctuations is the original intent.  Also, the analysis results
regarding the Y-direction timing pulse signals shown in Fig. 31 is the same
det a%m%cgse in Iii . 30 e%<c§pt for the digerence of X directié)n aqg Y .
Giréetion. Thatis rs%ﬁ‘/, tive’ pésék 8osrtioﬁ o?ﬂwrerﬁg\ﬁgpgpec?ru?ﬁ fg Fysten
desSERtETEGOn Nz, &y = 512 Thig peak component isthe clocksignal;
component in the Y direction. 4. Extracting Clock Signal Component
pos SOQ9R0I63-Search Rangesof.Cloak Signat Compoenest com¥etore
searching for a peak portion from the analysis results of two-dimensional
difFrrudsdestiibelisboveia prbdetadiined searchahgelisset is little
befqg%hand. Specifically, . a grede ermined range centered on_the point, of

HSHIZEYSfy £0n e Kvd-GimensiBnal Fr T andysis teSlilts'in Fig.30°16=¢ S
roo SeLiop such g.searerange. and apredetermingd;rangg centered opthey, .

point of fx = 0, fy = 512'in the two-dimensional FET analysis results in Fig.
handldsiset 11, Nowt itishoutd-be aptedithat with achelegram <o noise and
recording/reproducing system, how many pixels of the image sensor 11
belngl Eceiverifadellight ferssrie- pixel worth of the SLM 4 is determined, and
the number of valid pixels of the SLM 4 generating the signal light is

> d%tréai’%?neséjsgthoﬁlf anypixéls of the SLM 4 will fit into the image sensor
w1 L Jrom edge to edae i the, X direction and ¥, disection. Accordingly, a

position where a pedak portion will'appear in the frequency analysis results
carrlee gstimated te pueertain degreesfremdhe infeematien thereafi gnal
Specifically, with a hologram recording/reproducing system, the optical

compystenthasbees desighed saeh ardasidaliy sthe rangeof altvalitl pixels
of the image sensor 11 match the range of all valid pixels of SLM 4, so

PO Ry 1 < otékhoit that 512 Bt FixeRctit itothé X directiondh ¢ = nd
1nc JIrgation.en the image. sepsor with poing ix 7 512, .= 9.bging the idgal,
clock signals, which will be described later. However, - the
clock signals obtained as the result of IFFT of the
extracted clock signal components as they are will result in
the edge timing being represented at the amplitude peak
portion, and will be difficult to handle at the later-
performed edge timing sampling. Accordingly, phase shift
processing, more specifically differentiation processing, is
perfocrmed such that the edge timing can be cobtained at the
zero cross timing, which is easier to handle.

Fig. 34 describes the phase shift processing by

illustrating the waveforms of the sensor output image, X-



SO9P0963 peak position in the X-direction analysis results, and point fx =

0, fy = 512 being the ideal peak position in the Y.- direction analysis

results. However, in reality, there are fluctuations in the image such as
enlarging/reduction, rotation, distortion, and so forth, so the peak po§i@i8ﬁog63
will appear at a position offset from this ideal point, which serves as a
reference, in accordance with such fluctuation. At this time, the distance

from the point of origin of the peak position is the frequency of the clock

siC(T;QaI and the directignS 8f the ealk posﬁtio with the ROiQ£ 8f %ri%in as

e e%gn%etrﬁ%t%%%s%le Rormaldirection of leﬂ%lf%t}:iéC\)/vave whichis the

pe £ &logkssignal.Jn:a typical example, ifthe reproduced image isienlarged.or i
reduced, the frequency of the clock signal falls or rises, and the distance
sigfrobsthefpeint of-afigie ta thepeakigesition decréases otlincreases tABOg .
in the event that the reproduced image is rotated, the normal direction of
34 Heplane Wavetsarving wmihEtgoddsiGRal rttds by thiesame dhghke so
. llthe%ge@k osition is offset from the axis., I\iote that the r%sult_s shown in
+*Figs: 307and 31 asSuma A clgan ifagé with Hio fluctution, ahd
4in@5edingly aue;illystrated with thepeaks at the ideal,pesitions. ot 512, ne
fy =0, and fx = 0, fy = 512, respectively. Taking these into consideration,
drawithdhe present 1SOOP0963 embodiment aqpredetefminachrangetwith fx =
512, fy = 0 as a reference is set as the peak search range for the
s 1gnadifectionitinging plilsessigharatalysis resuits fan@apredetefiimegsection
range with fx = 0, fy = 512 as a reference is set as t eak search range
SR I W s e e e Mo RS

dim@HQE%H§§“§%E§@QW@H@%%ﬁkﬁaph'While Fig. 34 only illustrates

di

the X direction, the Y direction can be considered in the
same way.

First, as can be understood from the above description,
an X-direction timing pulse signal has a waveform where the
peak 1s obtained at & portion where the luminance gradient
is high in the senscr output image, as shown in Fig. 34.
This ¥X-direction fiming pulse signal is subjected to two-
dimensional FFT to extract the clock signal, and the
subjected to IFFT, whereby a cosine wave such as shown in
Fig. 34 as the X-direction clock signal before X-directicn
differentiation is reproduced.

At this time, the ideal sample data is at the center of
the data pixel, and is at the pesition of the vertical solid
lines in Fig. 34. It can be seen here that with the clock

signal before X-direction differentiation, the position is
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It should be noted that there is a tradeoff in setting such a search range
size. For example, if the search range is too narrow, the range of handling
fluctuations in the reproduced image tends to be narrow, but error in peak
search will tend to be smaller. Conversely, if the search range is tooWide’?
the range of handling fluctuations in the reproduced image tends to be
wide, but the probability of erroneous peak detection increases.  In light
of this, with the present embodiment, rectangular regions of around 10%

of the jrtewpi’_[oducedkima(ggseirajr_]grel, ce%gr@eo%g%csh refe%e,pge é)ointk are set

the s search Feanpgeeas. The vaﬁjes of the reference poirﬁg%re - 5?5 -512,

pos SeikAYothereef isqoughly 50(512 x4} andaccerdinglydnthis ¢ase a
rectangular region of 101 (50 + 1 + 50) x 101 (50 + 1 + 50) is set as the

prosearcin@ngésAlsomiate thet thésizesofdhe searchgandge imay be more
optionally set, and is not restricted to the above side. Also, the shape of

preffe 3BarehiaRfe IS RotesHiREst b4 réttarfgté Cartf mid§ - 869PD963 be

other shapes, such as a circle, or the like. Extraction of X Clock . . . .
B A sy IS CotbiRens A FAUT oS angve Bbafent e
phafeak portions are detected from each of the X-direction analysis results

and the Y-direction analysis results. Next, center component of the

detedted peakipodtidit amd the surfounding cemponentszareicomizneth toned
. extract X-direction and Y-direction clock sig;al components. Note that the
i ebmbinéd eenteFEsinpeREALET the detectePpeak’ paffiohfand thehere, we

., surrou ding.components thereof will be rgferged to as,"X.clock signal ;

o o eH W E06k SHal SoBoAaT o (6 (beear SHbORLRRE T
the F9S32:and,33 llystrate; theresults gffeggggng @%5@%%%96@!.

component and the results of extracting the Y clock signal component,

respecivedn As=shown ifrthese diagsamsra vectangular regiayofiib xddt

in size, for example, with the center as the reference thereof, is set for the
to pebk bottion detetteel 5y tHecseaRrel TTHISHGMbBer 1 is fcaehsd byJakingthe

1 the sipebagd sSize on thetpositiv%an ne%ative sides each as 5, and also
LOCuRTg the CSRECpGIRtas 1, €72

63

SEHED Y 1f §Fouid b fusther =

beeMOBABLog 11 the previous steps is multiplied by Jo.
This jo is multiplied in accordance with the freguenciles of
the compenents within the extracted clock signal component.
The direction of differentiation differs depending con the
clock signal component, with the X clock signal component
being differentiated in the X direction, and the Y clock
signal component being differentiated in the Y direction.
Accordingly, these are multiplied by X-direction frequency
jo, and Y-direction frequency JIoy.

Performing such Jo multiplication on the clock signal
component extracted at the freguency region enables the

phase of the c¢lock signal cobtained folleowing IFET te be



the shape of the extracting range is not restricted to a rectangle, and may

be other shapes, such as a circle, or the like. It should be noted that

there is a tradeoff in setting such a extracting range size, and accordingly

should be SO9P0963 determined appropriately so as to correspondt®P0963

the system design. For example, if the size is too small, handling position

irregularities within the image becomes more difficult, but there is the

advantage that there is little disturbance due to noise. On the other hand,
shi:E the size is too Iarige, position irregularities within the image can be

SRdied el but e probabiity SFreatfify t°n&isE Ja‘ﬁfj%irfd:d_ifsﬁfrbéa re
crolereases. b, Fhase Shift Progessing Multiplication.of jo, Mulfipligation of

jo The X clock signal component and the Y clock signal component
foleytrastedaisrdescsned aboyve ase subjesteditn processing which eagihayee .
subjected to IFFT for transforming into an actual image and obtaining X
Noteloekssigridls and Yiglole signals, whichewilidseldéstribed |aterHowever
.the clock signals obtained as the result of IFFT of the extracted clock _
WA BSmponentathsthey aré WilFrestif it the-cdge timhigibeing negative
51 adenresented at the amplitude peak portion, and will be difficult to handle at
the later-performed edge timing sampling. Accordingly, phase shift

6. precessing, mare specifiealixdifferentiation pracessing, is performed such
that the edge timing can be obtained at the zero cross timing, which is
X Clasier$s tandle. ¥ Clock Signal

With the case of the present embodiment, clock signals
cof the actual image can be obtained by performing inverse
Fourier transformation of the clock signal components at the
frequency region obtained by peak search from the analysis
results by two-dimensional Fourier transformation as
described above. In this case, the freguency analysis has
- been performed by FFT, so inverse Fourier transformation is
performed by IFFT. AS for specific processing, the ¥ clock
signal component and Y clock signal component which have
been mﬁltiplied by jo as described above are sach subjected
to IFFT,

Figs. 35 and 36 illustrate an image obtained by IFFT of
the X clock signal component, and an image obtained by IFFT
of the Y clock signal component, respectively. The signal
levels in this case are grayscale as well, with white taking
a greater value than black. As can be understood from the

above description, these images include information of the
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Fig. 34 describes the phase shift processing by illustrating the waveforms
of the sensor output image, X- SO9P0963 direction timing pulse signals,
X-direction clock signals before X-direction differentiation, and X-direction
clock signals after X-direction differentiation. Note that Fig. 34 cross=titg 0963
the waveforms of the signals so as to be illustrated as one-dimensional
signals, since two-dimensional waveforms will be difficult to comprehend
in the drawing. That is to say, the waveforms of each of the signals in Fig.
é reeB esent thae wavefg{nrg ]pf a%crro%sr-sggtionotgken alon a E_)I ne £h
pefp ndicutar to the Y2&XiE of the t%vo“—ld|ménsmna‘ﬁr‘ﬁgaeq(&gﬁalsiWhﬁe ©
pr 1 Fig. 34 only illistrates the X% dizestion, the.Y direction can be considgred in
the same way. First, as can be understood from the above description,
reganXd-direclien tming pulse signal haslawaveferm where-thejpeakiis sach
obtained at a portion where the luminance gradient is high in the sensor
sengpiput rhage, asdidvn if'ig 38 PhisDedRBStGHfARGHUISe sighariss
bt sgbjegt%j to two-dimensional FET to extract thefclock scignal, and the,
Pt SuBjelted oNFET, WHETEBY A cosing Wave Siith as Showitin Fig- 34 b%
ges&I'le;5'@55909\983&%@1@rp&fp'_’?&&gﬁ@?“%g'ﬁg%@g@@d)% (X clock
reproduced. At this time, the ideal sample data is at the center of the
sigdala pixehandris akthe position:af thearesticat salid lires:in Figi34: It can
be seen here that with the clock signal before X-direction differentiation,
subjm§§@§ﬂ55q§mverse Fourier transformation are called X

cyc

clock signals and Y clock signals, respectively.

As described above, multiplication by j® has been
performed at the frequency region, so the positive zero
cross positions (black — white) in these images provide the
positions which should be sampled. That is to say, with the
X clock signals shown in Fig. 35, the positive zero cross
positions thereof represent the sectioning of the data pixel
increments (the center position of each data pixel) in the X
direction. In the same way, with the Y clock signals shown
in Fig. 36, the positilve zero cross positions thereof
represent the sectioning of the data pixel increments in the
Y direction. This can be comprehended by comparing Figs. 35
and 36 with the earlier-described Figs. 25 and 26.

Thus, the sample positions in increments of data pixels
in the X direction and the sample positions in increments of
data pixels in the Y directicn can be identified in the

images, by the positive zero cross lines of the ¥ clock
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SO9P0963 the negative peak position. While this negative peak position
might be able to be detected in the subsequent processing, detection at
the zero cross position is more preferable from the perspective of ease of
detection. Accordingly, the cosine wave is differentiated to shift the &Qagspe@ 963
While such differentiation processing can be performed in the actual
image region (i.e., following IFFT), here, we will performing processing
equivalent to differentiation in the frequency region in light of ease of
. _computation, ifferentiation in the frequency_region is equivalent to
1o RIS O e agaly RO . ARG (e A0S S

pos femponent-at the frequency cegion whick:has heen obtained.inthe i, es
previous steps is multiplied by jw. This jo is multiplied in accordance with

repthestrequenciesof thetcomponrents-within the extractedcleek-signal in the
component. The direction of differentiation differs depending on the clock

origigal coMPEREHC With thé 3Ccldék Sigharésrhporertt being siffetentiated the
in the X direction, and the Y clock signal component being differentiated in
‘r]C 0359 t[l Iﬁ Lgne § = %y %&?%Cﬁ? al Nes

POS e Ydifection chordinbfly?%heosie are multip ied i%nafjfeeque cy

rep % and drdiregtion fragquency joy. ., -Perfermingsugh jo multiplication opy, .
the clock signal component extracted at the frequency region enables the

oriphase oftherelack signakhabtained-falowing:IBRT do bee SOORHY63 shifted
S0 as to be an optimal sample position at the zero cross position, as with

Acceglkrdlock sigialiavetsin f6lloWisy affetermtiztivn asisHowrPin Fge34,

clo%v%r] exampli. Note that the pq{smv,e Zerp cross os%on is encountered

e?lj“t(lganr‘iﬁs|t?on‘3|lﬁléi the % %Ccrossslgélsa}ﬂgﬁ from-thd nte%%?i%g%id%ht% the

int POSHVE SI0@. - heveor, as described later, resampling
positions can be ldentified.
X-Directicnal and Y-Directiconal Resclution when Resforing
Ciock Signals

Now, when performing zero cross line extracting
processing, the procesgsing 1s performed such that the X-
directional and Y~directicnal resolutions differ. That is
to say, before searching the images in Figs. 35 and 3% and
obtaining the zero cross positicns, processing is performed
in which the resolution in the direction of searching the
zero cross position 1s ralsed, and the resclution in the
other direction is lowered. Specifically, the X-directional
resolution is ralsed for the X clock signals, and the
resclution in the Y direction is lowered. Also, the Y-
directiqnal regolution is raised for the Y clock signals,

and the resolufion in the X direction is lowered.
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6. Inverse Fourier Transform Processing X Clock Signal, Y Clock Signal

With the case of the present embodiment, clock signals of the actual

image can be obtained by performing inverse Fourier transformation of the
clock signal components at the frequency region obtained by peak seard 263
from the analysis results by two-dimensional Fourier transformation as
described above. In this case, the frequency analysis has been performed

by FFT, so inverse Fourier transformation is performed by IFFT. AS for

snecific processing, the X clock signal compongnt and, clock signal

181 b
compo ave beéen multiplied by 'jo as descri ve aré éach

proé@gﬁ§& %HEFEea;cﬁ@ﬁg3é§8dégﬂﬁ@¥ﬁ§¢@ﬁé”@@@éﬂ%®8§@by
IFFT of the X clock signal component, and an image obtained by IFFT of

posihe ¥rclack signalscofponeht srespéctivaly! Thecsignaldévels infthisc¢ase
are grayscale as well, with white taking a greater value than black. As can
resgelintderstodd Hom #ic-a56ve d&triplith; thesé ifiagds mehmlecase s 4
informatian of the SO9P0963 cycle, phase, and normal direction, of
1 A EL GHEN aH e BrACIoH COmrRne e X dTOgioh and'§ - o°k
s 1 gidirection, regarding:the.edge positian,and intensityincluded in.gach va1 e
sensor output image. With the present embodiment, images obtained by
on Peak tampongatsextratited from the analysis tesults by fwoxdimeénsional
Fourier transformation (X clock signal component and Y clock signal
CyCedniponént) ety Sdkjeéted té tnverse Fotifieriarsfbrimatiohyaeccealled X
clock sjgnals and Y clock sigPaIs, res.pecﬁi\éely. As d%scribed above,

vallﬁ%ﬁtiﬁi atiofn Jf)cf/?v%/ Hsheen f))élﬁor et atthe f%ﬁ%@%gy ?“é:lg%r%hs% the

pos POSHive zero,cross posisions(black L white) indhegse images providedbg s
positions which should be sampled. That is to say, with'the

not unrealistic, but is not easy, either. Accordingly, the

resolution is raised several times, S0 as to enable accurate

results to be obtained with easy processing.

On the other hand, the purpose of lowering the
resolution in the direction which is not ‘the direction of
searching the zerc cross position is to prevent increased
calculation amount due to the increased rescluticoen. If the
resolution is not lowered in the other direction at this
time, zero cross position information is calculated at a
rate of four per data pixel in this direction since the
sample rate is 4 x 4, which is excessive. A fraction
therecof is sufficient.

In this direction, there are no cases wherein tThe data

pixel sample positions occur at very short cycles or change

rapidly to the extent that the zero cross positions have to
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X clock signals shown in Fig. 35, the positive zero cross positions thereof
represent the sectioning of the data pixel increments (the center position

of each data pixel) in the X direction. In the same way, with the Y clock

signals shown in Fig. 36, the positive zero cross positions thereof S09p0263
represent the sectioning of the data pixel increments in the Y direction.

This can be comprehended by comparing Figs. 35 and 36 with the
earlier-described Figs. 25 and 26. Thus, the sample positions in

e JRSLEMENts of data pixels in e X direction and the sample posifions

increments of data pixels in the Y direction can be | in't ec%%g%é,
meaRY:the pasitive zero,erpss dings of the X slogk SOOIPCOAR3 signals andthe ¢,
Y clock signals. In other words, the positive zero cross lines of the X clock
repsighalstaredmesabpresenting theodatarpixel cyeleth théX direetionn the
original reproduced image (X-direction cyclelines) , and the positive zero
emberhdkaimes ot the ¥eclock§igRals ke fiRés tepreddnting the et pixel 9nals
comGYglEn the Y direction In theoriginal reproduced image (v-direction excle
mes?). Accor‘dlngly,r%ygextrac%ng e zero cross fines of the X clock S|gna("l:3s
in @nd Yselpek signals, and-obtainingthe iptersection thereof, as dessriked g
later, resampling positions can be identified. X-Directional and
the YeBrecdtionab Reselutienwiren Restoring Gloek Signads-t 1 ddow, when
performing zero cross line extracting processing, the processing is
petfotmed stehthat the X-dfectiotfal afd Yadiréctivhal festltitioRs et/

the LIS say, before seatching the images inFigs. 3aang de.and .,
obtaining he zero cross posituons, processing IS per ormed in"'whic e

raifesolutiqn.indhe diregtien of searchingthe zgro ¢ross positionds raised thne
and the resolution in the other direction is lowered. Specifically, the

Y cXedikedtionakresolutiontis raised. for the ohclaek sighalsgand thefresolutionn
in the Y direction is lowered. Also, the Y-directional resolution is raised for

the trefetockesignalsPand HECresbAibn o tHe'R direfierris IWered.s in the
Y direction is quartered (2048/4 = 512), and the resolution

of the Y clock signals in the X direction is quartered.

It should be noted that changing the rescluticn in the
% direction and Y direction to perform IFFT is extremely
easy to realize. Specifically, in the case of raising the
resolution in the X direction, the number of points in the
fx direction in the frequency reglon is extended fourfold in
the highband side, with the increased portions being filled
in with zeroes. Alsc, in the case of lowering the
resolution in the Y direction, the number of pecints in the
fy direction in the fregquency region is reduced to 1/4 that
at the lowband side. The result 1s 81%2 x 512 points, and

IFFT thereof enables X clock signals to be generated. The Y
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SO9P0963 The purpose of raising the resolution is to enable
processing for searching and deciding the zero cross position to be
performed easily and accurately. If the resolution is not raised, the samé)le
rate in this case is 4 x 4 including up-scaling, so the basic cycle of e 7E0963
clock signal is around four pixels in the design reference value on the
image data. That is to say, the waveform of one cycle of a clock signals is
represented with grayscale values of approximately four pixels. Extracting
the positive zero, cross position from such a signal waveform i t

clo Cu%rgé%%%?guta% not ga%}y, %?tﬁé? %C%Vdiﬁgcfg/%t%élr%golé%g Iliuqurgfgerd of

poiSeyeral imesy sq as o engble-accuatejesults to-he obtained with easyg
processing. On the other hand, the purpose of lowering the resolution

per i the dise ibATwhick 1=ndt.the direction of searching the zero cross
position is to prevent increased calculation amount due to the increased
re8alfioRf BiereSoRitibRGS hePbiveréd mtthe'cther diFedtith at thistimte,
Zero Cross plpg,ition infot[_rglwgtigr_l i calc%lated gt a rate pf faur per data pixel,

signz s _an 181D 1recLioh e
YA this direction Since the sample rate Is A?x , wjfncsﬁ IS excessive. A

c1odfacion thereotis S_&fﬁf@e@&an Jndhisdirectian. there-are-no 6338S: sion of
wherein the data pixel sample positions occur at very short cycles or

samchange sapidly:te the extent that thezeroccross positiensihave to. on
50980963 be obtained at a cycle shorter than the data pixel cycle,

preédning Hat H&Re E08s i do Hot have to Be abfe-torepFésent stick ©

. change. Accordingly, with the present embodiment, at the time qof
ra~ sb%(?f‘orm%]lgsI%FTrogf%% cli(gsif;) i 5%) S%S%%rp%%ﬁs%ﬁgo fgﬁéguecéiaﬁalg%% eOthe g

o T6solytion is increased in thedirection of searahingsfor z6re,er0ss s s ing
positions and the resolution is reduced in the other direction.
load to be suppressed to arcund the same as with a case
wherein normal IFFT with nco raised resolution is periormed.
It can be understood from the enlargement scale of the
rasolution described above that in this case, the sample
rate as to the original image (512 x 512) can be made to be
16 times in both the X direction and the Y direction. That
is to say, zero cross position detection can be performed at
16 times the resclution for the data pixel positions in the
original image.
7. Zero Cross Line Extraction
Upon obtaining X clock signals and Y cleck signals with
IFFT as described above, positive zero cross lines are
extracted therefrom. Figs. 37A and 37B illustrate a
technigue for extracting the zero cross lines.

Due to the above-describe resolution raising processing,
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Specifically, in the case of the present embodiment, the resolution of the X
clock signals in the X direction is raised fourfold (2048 ,x 4 - 8192) and the
resolution of the Y clock signals in the Y direction is raised fourfold. 806]9%]8963
other hand, the resolution of the X clock signals in the Y direction is
quartered (2048/4 - 512), and the resolution of the Y clock signals in the X
direction is quartered. It should be noted that changing the resolution
in the x direction and Y direction to perform IFFT is extremely easy to
tne 'RAIEE, SpeCligaln In e case RIS efesaulign & e ¥ AUeplon ..o,
the number of points in the fx direction in the frequency region is extended
in fowfolddn the-highband sigle; with:the inereaseshpardions being-filled inr 512
with zeroes. Also, in the case of lowering the resolution in the Y direction,
samgphe numbee of points:in thedy di¥ettiomin theé fregueneprayion is reduced
to 1/4 that at the lowband side. The result is 8192 x 512 points, and IFFT

i £

clotheraofendties Xclotk Sighaidto be'geriétafet® THE Y SOSPE9ES CidER "
cne SOMAIS 120 30 hangied Bk aglushing e BumBss gLACH PAIREN 812 512

points USing the 'same technique, and performing IFFT thereof.

samgraising the X-directionalresolution ferthe X clock signals and raising the
X-directional resolution for the X clock signals in his way enables the

detection3precisionvef samplegusitionsan e Xdireetion and-thaidetection
precision of sample positions in the Y direction to each be raised. Also,

waveiiiytone fotffold-dnd fedifting e Gther forD% asin IRé Specifie <
wavée%(g@nplesggal‘f)lle%heggrﬁoceﬁggﬂ%% to,be S#}B%re]_sa%d o arqunddhe . 1 ¢

same as with a case wherein normal IFFT with no raised resolution is

valpesformedne it ean-beinderstaed fropkthe enlargement scalefdhen the
resolution described above that in this case, the sample rate as to the

Y doriginal image £8120x 542y bary be hwade tollyer 26 simessiniboth thet Xrm
direction and the Y direction. That is to say, zero cross position detection

incladde paforfiet 6" inbs the résSiition foF tHedata’bixel positions in

diré@%gggpagg?Q%mwe are 512 of these in the ¥ direction.

The zero cross lines can be understood as being formed
by extracting the positive zero cross points of the
waveforms for each X direction row for the X clock signals
and each Y direction column for the Y clock signals, and
connecting the zero cross points of each of the rows and
each of the columns.

Fig. 37B schematically i1llustrates a positive zero
cross point extraction technigue. As shown here, due to the
above-described resolution increasing processing, there are
16 sample values (sampling values) within one cycle of a
waveform corresponding to the cycle of one data pixel.

Specifically, zero cross point extracting is performed using
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7. Zero Cross Line Extraction Upon obtaining X clock signals and Y

clock signals with IFFT as described above, positive zero cross lines are
extracted therefrom. Figs. 37A and 379 illustrate a technique for extracting
the zero cross lines. Due to the above-describe resolution raising 5089P0263
processing, SO9P0963 the X clock signals are formed of 8192 sample
values per row in the X direction, and the X-direction row is formed of 512
sample values in the Y direction. In the same way, the Y clock signals are

Mn%_%(;zlr:‘e%%gfemg sample Va'g%o%girzi%o'%‘”sig he Ldirection, ad 1he ;4

1'80 .
on column’is forme sample values in the Irection.

sandiid:3fshews the.samplevalues ef-eachi ¢olumn inwavetorms: Jhat is
to say, with X clock signals, each waveform shown in Fig. 37A includes
pos ohevewiworth of sampleovalues inethehX direction, andtherelamerbl2zofd the
~ these in the Y direction. Also, with Y clock signals, each waveform
Int ¢id6dEs 6Re BEUNFPRORN bf &P G&IGES HPthe™F diteBion. Hhd thérs S
of figSi20ftheseinthe X dreglion. ., The zefo rosglines.can e, ,
nderstood as%elhg formed by ex%ractln(j he positive Zero cross points of
pos ihe waveformsfor.each, X direction row for the X clock signals and each Y
direction column for the Y clock signals, and connecting the zero cross
paints:of @achrof the revessand eéclr ofthecalmmnsive zero cross

points is performed for each row with regard teo the X clock
signals, and for each column with regard to Y clock signals.
Connecting each of the positive zero cross points obtained
for each row for the X clock signals in the Y direction
obtains positive zero cross lines for the X clock signals,
such as shown in Fig. 38. Also, connecting each of the
positive zero cross polnts obtained for each column for the
Y clock signals in the X direction obtains positive zero
cross lines for the Y clock signals, such as shown in Fig.
39.

It should be noted that in Figs. 38 and 3%, the
positive zero cross lines are represented by solid lines,
and the background shows the X clock signal image and Y
clock signal image the same as that shown in Figs. 35 and 36,
respectively.

Data Expression Format for Zero Cross Line Data of Clock
Signals

The above processing obtains a positive zero cross line
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Fig. 37B schematically illustrates a positive zero cross point extraction
technique. As shown here, due to the above-described resolution
increasing processing, there are 16 sample values (sampling values
within one cycle of a waveform corresponding to the cycle of one d 4 9F0963
pixel. Specifically, zero cross point extracting is performed using
SO9P0963 linear interpolation. That is to say, two points are found
sandwiching a point of polar transition from negative to positive in the
coygvelorn afeach row gt gach,cojumn, and the Intersegtion heween g line
9r c%nnectlng the samﬁh%g Valués's t%ege tWwo points and the zero levelis
gro€xtraeted %SL%QQSiéiY%z%QFL%?rO@%@OHEsult'%XtE?iCtiQHPé@lCeaﬁ@éﬁgsﬁ@é%ah in
positive zero cross points is performed for each row with regard to the X
an zlockysigrats zanidc:for each celumrewith regard to Y clock signals.
Connecting each of the positive zero cross points obtained for each row
fof fite REfIBK Sgnal§ in-the Y afi&ction obfins sositive Zer8etosy lifds: S
for the X clock signals, such as shown in Fig. 38. Also, connecting each of
?ﬁ§68§ﬁ3e 2870 cross points obtained for each column for the Y clock
signals in the: X direction gbtains positive zero cross lines for the Y clock
signals,such as shown in Fig. 39, It should be noted that in Figs. 38
whi@ndi39, dhe pesitiverzerarcross lined arevfepiesentied by sblid lines,ignd
the background shows the X clock signal image and Y clock signal image
Thighd samedsethat SRowR it Figse 35 ahd 36; téspeetivelyiDatal ERression

numbSFALIOr 4800 £ross Ling, Data of Cock SIANAIS e 1est in the v -

1'th row.

is

That is to say, the Y coordinate holds the positive
zero cross position in the X-direction clock as a real
number which 1s not an integer, as an integer coordinate.
Thus, the X-direction timing line group can be held while
matching the reduction in resolution in the Y direction,
with no problem in precision either.

This is true for the positive zero cress line groups
for the Y clock signals as well. That is, the x and y are
simply exchanged. Specifilically, these are stored in an
array variable as shown next.

clky timing (i1, 3)
which ig a real number variable of a size of 512 x 51Z2.
This indicates the positive zero cross position (real
number) of the i'th Y clock signal from the top in the x =

3'th row.
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The above processing obtains a positive zero cross line SO9P0963 group

of X clock signals and a positive zero cross line group of Y clock signals,

the results of which are stored in an array variable as shown next. For
example, in the case of the X clock signals, this is expressed as clioc 0 IE0263
timing (i, which is a real number variable of a size of 512 x 512. This

indicates the positive zero cross position (real number) of the j'th X clock
signal from the left in the y - i'th row.

Holding a timing line group with an expression format
such as described above allows information to be grasped
regarding the No. cf each zero cross line in the whole, so
the order relation cf each of the data pixel positions
obtained from the grid points of zerc cross lines stored in
this way can be correctly grasped for both the X direction
and the Y direction, which will be described later. That is
Lo say, this enables each pixel amplitude value obtained
from the data pixel values to be obtained in a state
maintaining the order relation. This means that the cycle
slip phenomenon, which has occurred with the PLL circuit
type clock reproduction method in storage device according
to the related art, does not occur.

About Zero Cross Polnt Extractlion Processing

Processing for detecting the zerc cross points of the
clock signals and storing the zero cross points in a data
format such as described above while detecting, is
preferably performed as described in detail below.

First, one zero cross position is found near a position
estimated to be the center position of the signal light area
A2. Then, relying on this, processing is performed wherein
zero cross positions are traced vertically or horizontally.
Gradually enlarging detecticn of the zero cross peints from
around the center enables a correct zero cross line group,

wherein the order relation of zero cross positions in the
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That is to say, the Y coordinate holds the positive zero cross position in
the X-direction clock as a real number which is not an integer, as an
integer coordinate. Thus, the X-direction timing line group can be held
while matching the reduction in resolution in the Y direction, with noS09FP0563
problem in precision either. This is true for the positive zero cross line
groups for the Y clock signals as well. That is, the x and y are simply
exchanged. Specifically, these are stored in an array variable as shown

sigfg%f-.ﬁggh@mg%@ t‘%%&%t?,istaor%éng@?%x%%?'s% 2 & rfdgm "

Indicates the positive zero cross position (rea nu

surd desksignal fremdhedep Hethend= Fhrovn SOR0983 r< Holding a
timing line group with an expression format such as described above
betellews fermatiaretoslee grasped regardingthelN6.igfteach zero cross line

in the whole, so the order relation of each of the data pixel positions

obt&ihe&¥IRP e g pBikte’Bf Z&to 'ctdss Ifines StofedindRR Way c&iFbe
{ma cgrrg%t)%dg%as;‘p?d %‘%r %cg{tg atQ% X C#Eej_c_[i nka}pg thgé;( girec;gio}l_'uh which willlbe
6 at T . o v o i (o} e S cl

escri er. That is to say, this enables eac p&el amplitude valle
1igobtained fram the data pixel values te.beobfained in astaternaintaining 4
the order relation. This means that the cycle slip phenomenon, which has
thaoctred ithathe IR Ldcircuittypesblotk répredactioremethadtin storagee
device according to the related art, does not occur. About Zero Cross
per¥%ﬁﬁ%§dﬁﬁﬁ5ﬁ@Wo&%ﬁ%ﬁfOt be reflected very much in the

image obtained as X clock signals, and rather reflect a flat
background with low grayvscale values. Accordingly, the
probability is high that the zero cross points cbhtained at
the perimeter of the X clock signal and Y clock signal
images will be low in reliability.

Accordingly, thus gradually enlarging extracting of the
zZero cross points from arouﬁd the center enables a correct
zero cross line group, wherein the corder relation cof zero
cross positions in the signal light area match, to be
extracted easily and in a sure manner.

8. Zero Cross Line Grid Pcint Extraction

The above processing obtains information of the zero
cross line groups of X clock signals and zero cross line
groups of Y clock signals, and the No. of each zero cross
line in the X direction / Y direction (specifically, the No.
thereof ocut of the 512 lines) in the image. Thereafter,

obtaining the intersections (grid points) of the zero cross
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Processing for detecting the zero cross points of the clock signals and
storing the zero cross points in a data format such as described above
while detecting, is preferably performed as described in detail below,
First, one zero cross position is found near a position estimated to be4A
center position of the signal light area A2. Then, relying on this,
processing is performed wherein zero cross positions are traced vertically
or horizontally. Gradually enlarging detection of the zero cross points from
. ar cent correct.zero cr line.group, ei e

L ton o 3616 Soce ol i e BOOPGSRE Sonallont arg® °*

Y cIeaighdodesaxdracted easily-ard poa sure-manper. dids et Bepixels to
understood from the relation between the image sensor 11 and signal

be dight: deFerexaraple, a§ showhln Fig. Al the slkapdtef theiimageisensor
11 is square, while the shape of the signal light area A2 is generally

wheefchidF, SoSE Cart be Txpected AR Yechrding Gata WHIER i<t Sigha =S -
ight at the perimeter portion will reflecied very in_the image
15 ine bs & Hoot S e S e rofloat et baakGrund A
t he Orayscalevaldes. Accordinglyy, theyprebability-is figh thad the zere.eross
points obtained at the perimeter of the X clock signal and Y clock signal
togdrmages wilkthe lowl indreliabiity.  Accordingly, thus gradually enlarging
extracting of the zero cross points from around the center enables a
Res¥Bhect'Zerbrdssiline group, wherein the order relation of zero cross
pagsitions in the signal light area match, to be extracted easily and.in.a__
Sk e 8 10 CroRe L e i Forh Erapton. i ¥ 0 ns)

are identified by the grid points. Thereafter, obtaining

g09¢e3

the gravscale values {amplitude values) of the reproduced
image at the resampling positions identified by the grid
points in the up-scaled image shown in Fig. 26 allows the
amplitude values tc be obtained in data pixel increments at
the SLM 4. Thus, 1 x 1 resampling 1s completed.

Note that the amplitude value cbtaining processing at
the data pixel peositicns, based cn the information of
resampling positions identified as described above, is
performed at the pixel amplitude value obtaining unit 32
shown in Fig. 24, which will be described in the next
section. For reference, an image cbtained as the result of
the resample processing is shown in Fig. 42.

Configuration for Rezlizing the Resampling Processing
According to the Second Emboediment

Next, the internal configuration of the two-dimensional
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The above processing obtains information of the zero cross line groups of

X clock signals and zero cross line groups of Y clock signals, and the No.

of each zero cross line in the X direction / Y direction (specifically, the No.
thereof out of the 512 lines) in the image. Thereafter, obtaining the S09PC2E3
intersections (grid points) of the zero cross SO9P0963 line groups of X

clock signals and zero cross line groups of Y clock signals enables the
positions of the data pixels to be each determined. Fig. 40 illustrates the

id points where the zero cross line groups.intersect with black daots. |n
cj"ogil‘(g.%&ﬁeg\%elr%gcrc))esé |r§é3ls 5¢- ﬂg\%?)( gﬁ)gé %fb%%lslg%ﬁlvﬁlfgfér% r(I)isns"lIllane?’sjL

for OFtherY £lock sigrals are shown togatherwith sglid ines-Resampling fo.1
x1 Thus, the data pixel positions (resampling positions) are identified
sechydhegndpoirs.tThereaftel, obtaibingdhe gidyscalecdadues (aamplitude:
values) of the reproduced image at the resampling positions identified by
T L& HRE pbihts rPthe Up-scdled imagé shéw in ﬁ%. Ppalfowsthe
amplitude \falges to he obtained in data .p_ixecé increments at the SLM 4. |
= oL Eiing i ORDIEEAT - OIS (St hE arRPIt e V™
32, o\?@j@ng precessing-atthe data pixel pasitions; based on the information
of resampling positions identified as described above, is performed at the
unipixed amplitude valué obtaining wwitr 321 showrtihgkiga24,onhich withbe two -

. described in the next section. For reference, an image obtained as the
dimpesifirsfthe FeSaipRIProeessing is skbvirrincriged2 position
itdentifying unit 31. Specific coperations of the pixel
amplitude value obtaining unit 32, page sync positioning
unit 33, and symbel extracting unit 34 will be described
with Fig. 43 along with the operations cof the two-
dimensional clock extracting / data pixel position
identifying unit 31.

In Fig. 43, the two-dimensional c¢lock extracting / data
pixel position identifyving unit 31 internally includes an X-
directional differentiation processing unit 40x, a Y-
directiconal differentiation processing unit 40y, an X
absolute value processing unit 41x, a Y absolute value
processing unit 4ly, an X-FFT processing unit 42x, a Y-FFT
processing unit 42y, an X-clock signal component processing
unit 43x, a Y-clock signal component processing unit 43y, an
X-phase shift processing unit 44x, a Y-phase shift

processing unit 44y, an X-IFFT processing unit 45x, a Y-IFFT

processing unit 45y, an X zero cross line extraction
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Configuration for Realizing the Resampling Processing According to the
Second Embodiment Next, the internal configuration of the

two-dimensional SO9P0963 clock extracting / data pixel position

identifying unit 31 for realizing the resampling processing according%g fie 263
second embodiment described above will be described with reference to

Fig. 43. Note that Fig. 43 shows the equalizing filter 22, pixel amplitude

value obtaining unit 32, page sync positioning unit 33, and symbol

progé(g%%lyﬁ%gngﬂi}. 24, %'(%([‘9 it @8%@%%'§£“ﬁi%@“8%’££%gion .

two- sional clock extracting / data pixel position identifying unit 31.

pro&pesificcoperationssf the pixel amplitude-valde obtaining nit32; page
sync positioning unit 33, and symbol extracting unit 34 will be described
ext withtRign48aidngdwith the operations of the two-dimensional clock

extracting / data pixel position identifying unit 31..  In Fig. 43, the
twodiftensidial Elogk extradtig d é%ﬁ% pokitioh identiying thit 319

unidntemally includes an Xedirectipnal diffe E:%%@Q%@_ PB‘%EEQ%‘&“S”%%X’ Bkt
directional differéntiation processing unit 40y, an X absolute vallie

40y PEeCessing-URIt 41 Y absohite valugproeessing:Hnit 41yarXikkl 22,
processing unit 42x, a Y-FFT processing unit 42y, an X-clock signal
and ceriponent processingamitaA3xy aldedlogk Signat-tompenent processing
~_unit 43y, an X-phase shift processing unit 44x, a 1-phase shift processing
A1 f ity ah DRIF T Bot@ssing uimAUsk, dY-FEET- protesSing UiitAby - hion

orodeA0:E0SS e extraction SOPPOIBS v qirectional

differentiation processing unit 40x performs X~directional
differentiaticon processing using the X-directional
differentiaticn mask such as shown in Fig. 274, and the Y-
directional differentiation processing unit 40y performs Y-
directional differentiation processing using the Y-
directional differentiation mask such as shown in -Fig. Z7B.
The ¥ absclute value processing unit 41x performs
processing for obtaining absclute values of the values in
the image following the X-directional differentiation
processing performed by the X-directional differentiation
processing unit 40x abcve, and supplies the results thereof
to the ¥-FFT processing unit 4Zx. The Y absclute value
processing unit 41y also performs processing for obtaining
absolute values of the values in the image fcllowing the Y-
directional differentiation processing performed by tThe Y-

directional differentiation processing unit 40y above, and
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processing unit 46x, a Y zero cross line extraction processing unit 46y,
and a zero cross line grid point extraction unit 47. First, the
X-directional differentiation processing unit 40x and 2-directional
differentiation processing unit 40y each input image signals from thes02P0963
equalizing filter 22, and execute the above-described X-directional
differentiation processing and Y-directional differentiation processing. That
is to say, the X-directional differentiation processing unit 40x performs
X-directional differentiati rocessing using % firectional . .
AN A5k Sich ASShoam T PG DT, Shd the VoAreciishal ™
42y differentiation processing unit 40y performs Ydirec'ional differentiation
processing using the Y-directional differentiation mask such as shown
in‘Fige 273 FT Phe okalsolgtewalue processidg UnRHL xperformsing unit
processing for obtaining absolute values of the values in the image
12¥ 15iRWing the) R<direeliSnarthfisrenfigtiorPprocessiRg peormed byghe

X-directional differentiation processing.unit 40x above, and supplies t
PO S e T 10 (e or L ros sy U TS v A6 vl £
d1 rPEAcessingunit:41y.alseperforms processing fé’EQbE@l'fsiQQ absoltte, tne ¥
values of the values in the image following the Y-directional differentiation
ab s piocessing performedaystheqy -diréctidnal diffetentiationdirocessiag unit
40y above, and SO9P0963 supplies the results thereof to the Y-FFT
PrORPEERSIgit42y Y T TReSEFETDrdcedsing tRitd42%and emer FET

grocessing unii 42y eacq%ubject thg images Iollowin abscll te valu
processing.. . SCEFESinnStRing We LA AS S SR #s UCH as
processmg (i.e., X-diréctiontiming pulse sighalsand Y-direction timing

shoPHISeSignals) that gresupplied from the X-absolute value processing unit
41x and Y absolute value processing unit 41y respectively, to

twordimensionak FET qatacessing. dherresplis arestheranalysis-reseiis such

as shown in Fig. 30 and 31 as described earlier.
subjects the analysis results cbtained by two-dimensional
FFT by the X-FFT processing unit 42x to peak portion
searching of the power spectrum within a predetermined
search range (rectangular region of 101 x 101} centered on a
reference polint fx = 512, fy = 0 such as described above.
The center compcnent and surrounding compcnents of the peak
portion detected as a result of the search are extracted as
X-clock signal components. That is to say, as described
above, a 11 x 11 rectangular regicon with the center of the
detected peak portion as the center therecf, i1s extracted as
X-clock signal components.

The X-clock signal component processing unit 43y also

in the same way subjects the analysis results cobitained by

two~dimensional FFT by the Y-FFT processing unit 42y to peak
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The X-clock signal component processing unit 43x subjects the analysis
results obtained by two-dimensional FFT by the X-FFT processing unit

42x to peak portion searching of the power spectrum within a

predetermined search range (rectangular region of 101 x 101) centerdd on” 63
a reference point ix = 512, fy = 0 such as described above. The center
component and surrounding components of the peak portion detected as

a result of the search are extracted as X-clock signal components. That is

por{Q 88Y A dasribed aboyg.a 1411 Leclangulay teplon it the center of

the detected peak portion as the centerthereof, is extracted as X-clock

pre&ignat COMPENestsrch e XcClocksighateamponent precessingunit43y 1)
also in the same way subjects the analysis results obtained by
centwoalimensionabERT by dke Y-ERT pfocessing unit 42ypfolpeaknc & 11 x

S0O9P0963 portion searchingc(of the power spectrum within a

11 prédétBAtingd searcifante (fectafgdiariegorPof 161Ex 40T EeMerétf et
por BIEIETENCE POINL B¢ 2 0 i e 512, 3nd ALy 41 Jeclanauler region with
the center of the detected peak portion as the center thereof, is extracted
s1g@s11-elogk signat eomponents. The X-phase shift processing unit 44x
multiplies the X-clock signal components extracted at the X-clock signal
cahiygoriernt prece ssingtinit43xcby: pr.riEhatis. to daly; ther Xeclodk signahe X-
components are multiplied by the X-direction frequency jw, in accordance

L oGithth trequietiey Of BAEH of thedonponétits, Stich’that the hhase s the

X-clock signals gohtained by. IFFT-of the X-clock signal companents is _
co e e D 3420 T4 100 Same iy, e Loprelgb ot ¥

o1 oPLOCESSIK URibAdy: nutitiplies the drclock-sigaal gomponents-by the-tion
1-direction frequency jwy in accordance with the frequency of each of the

fregomponents, suchahatcthd phase wf tire Liclock:signals optaided:by tFET
of the 1-clock signal components is shifted as described with Fig. 34.

the TR IBET pfocedsiny Ghitdsx-parférais FEFT of the XicloeR Signat 9na s

obt £ oNHE e“t;@’e?feésfd:%t@?—&p@g%es?hift pﬂﬁ’ceési”%r‘fnﬁt4§*iss° 2310+ oq
convert the X-clock S|gnal components |n]tg§(a-c ng %na% Serving as an

as @ctalimage./ndhe same way, the Y-IFFT processing unit 45y performs

Iin the same way, the Y-phase shift processing unit 44y
multiplies the Y-clock signal components by the Y-direction
freguency j®, in accordance with the freqguency of each of
the components, sucnhn that the phase of the Y-clock signals
chbtained by IFFT of the Y-clock signal compcnents is shifted
as described with Fig. 34.

The X-IFFT processing unit 45x performs IFFT of the X-
clock signal components processed by the X-phase shift
preocessing unilt 44x so as to convert the X-clock signal

components into X-clock signals serving as an actual image.

In the same way, the Y-IFFT processing unit 45y performs
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SO9P0963 FT of the Y-clock signal components processed by the

Y-phase shift processing unit 44y so as to convert the Y-clock signal
components into Y-clock signals serving as an actual image. As car}%%
understood from the above description, the X-IFFT processing unit 50963
this time performs IFFT wherein the resolution in the X direction is

fourfold, and wherein the resolution in the Y direction is 1/4. Also, the

X-IFFT processing unit 45y at this time performs IFFT wherein the

rrrFegalution ingthe Y direction is fourfold .and wherein the tesolytion.in the, X

direction is 1/4. The X“zero cross line extraction processing unit 46x
phadetets the poitiva:zerecrass points,fos eagh rew indhesX.diregtien frop ock

the X clock signals obtained from the X-IFFT processing unit 45x, using
s1ignhe teohnigpesddseribaddn Fig: B7¢and Stores sheserinthe agrayaariableuz 1

(clkx_timing (i, j)) as described earlier. Extracting of the zero cross point is

Am3first pefformed from Areticthe osition estintatet 1§ bets cendr o1, =he
x-1PPEIED L LNG signal Ight agea A2, anis oradally epiaraeio hey

surroundings thereo In the same way, the Y zero cross line extraction
whe PEQEESSING unit40Y; detectsi theqositive-zere €fasspaintsHoreaeh goluany
in the Y direction from the Y clock signals obtained from the Y-IFFT
whe pracessing urit48y; Ussing the tebknifue tdescribedtiniFig 137, .and steres the
these in the array variable (clky timingg(i, J)) as described earlier.

%~ B GoPOSEF ERTAGNG 0f thé 2616 Eross oirtt 1€ first pérorisd froft
wheALYnd the poe%%%%%t{{ﬂat%ﬁ to he the eenter.position of the signalilight,

area A2, and is gradually enlarged to the surroundings thereof, in the case
whe ©f this ZgE0 1088 peintextragtiomfory elock signals asswelk.s .

The X zero cross line extraction processing unit 46x
detects the poesitive zero cross points for each row in the X
direction from the X clock signals obtained from the X-IFFT
processing unit 45x, using the technigue described in Fig.
37, and stores these in the array variable (clkx timing (i,
3)) as described earlier. Extracting of the zero cross
point is first performed from arcund the pcosition estimated
te be the center position of the signal light area 2Z, and
isg gradually enlarged to the surroundings theresct.

In the same way, the Y zero cross line extraction
processing unit 46y detects the positive zero cross polints
for each column in the Y direction from the Y clock signals
obtained from the Y-IFFT processing unit 45y, using the
technique described in Fig. 37, and stores these in the

array variable (clky timing (i, J)) as described earlier.
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The zero cross line grid point extraction unit 47 extracts the intersections

(grid points) of the zero cross lines obtained from the results of extracting

the zero cross points by the X zero cross line extraction processing unit

46x and Y zero cross line extraction processing unit 46y. Now, i 0963

state wherein the zero cross points have been stored in the array

variables by the X zero cross line extraction processing units 46x and 46y,

these are only sets of zero cross Points for each row and each column,
Ext,ﬁ%g}? 3P13 pf 2810 ¢Jos3 POINGS for ec?PFQ{ owangd each §%‘%‘£‘r‘%§‘é‘dbefrom

andled as zero cross lines. pemf%a , the sets of zero cross points

arostoredfor eachirovsand each selumn-ean be subjested-todingak i tion of
interpolation to obtain information for each zero cross line. The zero

the crosgrime gricdhpointextaction unitd 7 peformsisudhyprocessing o obtaim e
a zero cross line group of the X clock signals and a zero cross line group
SUL B tHE N itk SiGRaS fand- 8xtract intBfsections thete6AEGHd poftits). POt
These grid points serve to obtain the positions of data pixels of the SLM 4
ex%ﬁt%?nlt e irj]‘}rchsfi::je?.e“ﬁ,E Pe%%msp“liﬁaa 0930963 J?‘)(“)éitions are obtained.
Steriag each zerQ.cross pointdn the array vadahle asdescriped abgve
enables the zero cross lines generated from sets of zero cross points to
ext beddentified regardisg whichnNo. lineleaciclineis)in dtie Xidirection / ¥Yross
~direction. That is to say, the data pixel positions identified as grid points of
LinggchRef-6@ss fineyréliss E&TBe ideritified as g WhichRo 2§t p6iRe =S
o1 s inhe X dirgction ¥ dregtion.. . Theintormagion of the datapixel
POt h6sitions o ?aine(%%y?he 2610 Cross iné gﬁa pomjt extraction Rt

po are
46x SHRRlied tothe pixel amplitude valde obtaiBINGUNIR% =i ng unitc 46y,

Now, in the state wherein the zero cross points have
been stored in the array variables by the ¥ zero cross line
extraction processing units 46x and 46y, these are only sets
cf zero cross points for each row and each column, but the
sets of zero cross points for each row and each column can
be handled as zero cross lines. Specifically, the sets of
zerc cross points stored for each row and each column can be
subjected to linear interpolation Te obtain information for
each zerc cross line.

The zero cross line grid point extraction unit 47
performs such processing to obtain a zero cross line group
of the X clock signals and a zero cross line group <of the Y
clock signals, and extract intersections thereof (grid
points}). These grid points serve to obitain the positions of

data pixels of the SLM 4 within the image, i1.e., resampling



The pixel amplitude value obtaining unit 32 takes as input the information

of the data pixel positions obtained as the results of processing by the
two-dimensional clock extracting / data pixel position identifying unit 31,

and the image signals input from the up-scaling unit 21 (image sign§l§)?m963
and obtains the amplitude values of each data pixel position in the image
signals (1 x 1 resampling). The amplitude value obtaining processing
following having obtained such data pixel positions can be performed by
irg:tggpolation of tggatwo-d'mensional signals following the resampling

pos]theorré?n.%t%rr?atlvefyr}?n erpolation processing widely used in the field of

imageDracessing, ascording {9 4be pelaied ar may-be peHomed: i av1e as

Examples SO9P0963 which may be used for this interpolation processing
de s dincliudel theonearestiagigkisortmethoer thecliclmeat intepolationrmethddf rom

the cubic convolution interpolation method, and the bicubic spline method.
setDfthe ab6Ve FIEtRGAS The heafest PRigHBRT eth6d is-éffgctivé Mherf the
over-sampling rate is %reat Si ﬁe the readout signal with the closest

No. LlIng. ne 1h 1 I Qirection.
timing is Sélected’as t e Valle forthat pixel. The nearest

It ]
e ampli

Thaheighbor method &@Isggggagt@gggu%&ghﬂ pracessingtime canbe 4riq
reduced, since calculation processing based on functions and so forth
poidoesadt have ta be petformedl inAlso; theseuhieconeolutiemtified as
interpolation method, or interpolation by cubic convolution, involves
beinfecEwise clibic poRironmaiapprokiniatiohof e finclidh Xk uded for
dir ircljtgr,%orllation based on the sampling theorem, and while the processing
Toad 13 greater than that of the nearest neighbor method, it is

adﬁ@@tﬁ%;%'%%%Q%rhi%p@%s@%{%s%%@ﬂ %g@_t@ir&@s The-present py
embodiment employs this cubic convolution interpolation method

the (heretnaftes mayl he abbreviated 1o: tcubic interpolationt)ifor armplituee
value obtaining processing. The page sync positioning unit 33
suppeHoHNs positioningFrocédsing based Ba the irfférhadtiornsf amplitude -

e ke L o el petions st e pool gt g .

the information of the data pixel positions obtained as the
results of processing by the two-dimensiocnal clock
extracting / data pixel position ldentifying unit 31, and
the image signals input from the up-scaling unit 2Z1 {image
signals), and obtains the amplitude values of each data
pixel position in the image signals (1 x 1 resampling).
The amplitude value obtaining processing following
having obtained such data pixel positions can be performed
by interpolation of the two-dimensional signals following
the resampling theorem. Alternatively, interpolation
processing widely used in the field of image processing

according to the related art may be perfcrmed. Examples
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S0O9P0963 data pattern serving as page syncs set in a recording format
beforehand. That is to say, the positions on the recording format (i.e., the
positions within the hologram page stipulated by the format) of the
identified data pixels are identified. The processing for positionir@O 9P0963
using page svncs can be performed using techniques according to the
related art. That is to say, the hologram page in this case has at least one
sync embedded as a page sync, and template matching by correlation
. computation base the_predetermined gat pattern serving as the page
s e aantiy I bS8l o7 B Jata Dcele bt Tt e e
the SP@&E@@'%%A@@%QBE&% SYRGs, can ke 1§_§U“Q§P?é’at9 a pertaipextanthn
based on the recording format, so correlation values as to the
metlpredetetminedidata patternlare icatculated myithire thecestimeateddange,dndhe
. the position with the greatest correlation value is identified. Once the
bicypsitiofifol tAe pa§é S¢fc in the image signals is obtained, the positions of
the data. pixele on the format.can pe identified follguing,the informationof
thé recording ormat. <~ Row, posﬁlonlng processm@usmg syncs in the
ef F&ABE 9&t%&?%@%&%@%ﬁﬂ%@f@g%%@gﬁ ihe f'!’s?i nce the
embodiment in that positioning processing is performed on an image
readsvhereinthe amplifude has:altéady:been obtaimediin iserbamentsiobdatahe
pixels (i.e., at arate of 1 x 1), so S0930963 syncs can be used in the
amp bigidfly FiteiGed Gsade: As6, the amourit of R tiREibni6rhabor method
. sitioning processing can be markedly reduced as compared with the
5 Ea8s of S et dmBodiment wiereint SHSTIHIAG provissng hadto b1 oed
s 1 nPerformed onanimage follawing A X 4uprscaling. - The symbal s rorth
extracting unit 34 performs extraction of the symbols within the hologram
dee page wsingythednformaten 6f thespasitions of the data pixels on the
format,

Also, the cubic convelution interpclation methed, or
interpolation by cubic convolution, involves plecewlse cubic
polynomial approximation of the function sin(x)/x used for
interpolation based c¢n the sampling theorem, and while the
processing lcad is greater than that of the nearest neighbor
method, 1t is advantageous 1n that high=-precision results
can be obtalned. The present embodiment employs this cubic
convolution interpolation method (hereinafter may be
abbreviated to "cubic interpolation") for amplitude value
obtaining processing.

The page sync positioning unit 33 performs positioning
processing based on the information of amplitude values of
the data pixel positions obtained at the pixel amplitude

value obtaining unit 22, and information of a predetermined
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identified by the page sync positioning unit 33. The amplitude values of
the data pixels are supplied to the data distinguishing unit 24 shown in
Fig. 24 in increments of the extracted symbols. Now, description of the
data distinguishing unit 24 performing data differentiation by sort deteRfEH 963
based on the amplitude values of the data pixels in increments of symbols
will be omitted here, since this is the same as with the case of the first
embodiment. Also, description of the sparse code decoding unit 25
3 trg)erfogw?in decggw proggssigg of tshenscpargg3 code in ingﬁreecng%rclltf of format
= syﬁ%o Sto obtain t e?eprodﬁc d d&ta will be omlﬂtpedahere, since this'is ™
perdhegame as with the case,ofdhe firstembodiment s AlSaARoygh-c ra:ing
omitted from Figs. 43 and 24, a configuration may be added to the data
formaproduckag unittk3 fos petformingubasic presprocassing nermatyyased in
image processing, as suitable. For example, a signal processing
st 1m0gPEegsIunit Ry BerBrovided which pefforhs AGO (AafomaticGamn 21
g Cép,n%r.oé) for removing irregularities in shade, bright level correction, dark
~CChever ¢ F%éction, and so forth. Also, with the description given above,
the zerq,ctoss dine gridspoint extraction unit 47-hasbeen.described as., e
performing the procéssing for generating the X-clock signal zero cross line
per froupsiantd Yrcloaksignakzere crassdingigroups fronethe=Sets ofizero: .
cross points for each row and each column stored in the array variables,
Thapyt an afravgyement ndyBe fizfe WHeIRIn the D 26ra°cro8s fiAé exfracticie t
processing unit 4% and the Y zero cross line extracti ggrocessi unit

" 48§ espRLIvaly perforniihiS frocsdding, < o blate TSLCHIAG by

correlation computation based con the predetermined data
pattern serving as the page syncs, so as to identify the
position of the data pixels on the format. Specifically,
range of page syncs can be estimated to a certain extend
based on the recording format, so correlation values as to
the predetermined data pattern are calculated within the
éstimated range, and the position with the greatest
correlation value is identified. Once the position of the
page sync in the image signals is obtained, the positions of
the data pixels on the format can be identified following
the information of the recording format.

Now, positioning processing using syncs in the case of
the second embodiment differs from the case of the first
embodiment in that positioning processing is performed on an
image wherein the amplitude has already been obtained in

increments of data pixels (i.e., at a rate of 1 x 1)}, so



Also, description has been made with reference to Figs. 43 and 24 that
the equalizing filter 22 branches to the two-dimensional clock extracting /
data pixel position identifying unit 31 and the pixel amplitude value
obtaining unit 32, for the sake of convenience in description, but in @3@@9963
an arrangement can be made wherein the image signals following
processing by the equalizing filter 22 are stored in memory, with the
two-dimensional clock extracting / data pixel position identifying unit 31
and the pixel amplitude value ini it 3 ing the j e withj
SV %he Cr:rlaelr:&mp(t)l))r%/. K%%ntéae\é%% Rﬁgg’[}%:bqu%é ec %r}%%z%e{%gc%o%%‘g %o" Se%%%g ’
the SAPROI6IEmhodiment: : -Withdheagsamphing technigeAcCording o can
the second embodiment described above, the X clock signals (X-clock
be nefokmdfign)rsetving dsdrformatian sgpresehting thecyeke, phaségand. rst
_ direction of the X-directional clock components in the image, and the Y
emb fodk&ignals ¥ TldckHRfIMABBNY Servingasinfdtmation répres@nting the
orf %Lgégh%%e,aa}pdﬂ: g{raecéioggd{#%%gligire%ti%ak clock components in the
ber mage, can each be obtained from the pea p‘ortlgn of the p(%/\'/er spectrum
within asfirsbpredeterminad range-and the paaknortian efthe-pawen o
spectrum within a second predetermined range having been extracted
the froymianalysis:iresults abtained bystvwordiraensional Foutieetransformaticren
regarding readout image signals. Based on The X-clock signals and the
of qh@lo@l@§Pg*hé%‘?%éﬁixépﬁatﬁ%%it%%%ﬂwiﬁﬂﬂetﬁ&oé%?iﬁége'
%co;dg% qn thg hé)lo ram recordgjr%g% m.ecdlium HM canj%e iggntifi and

N ¢
lderfhéL érlnp itude values 6Fthe data pixels can be obtained baséd on the

amp Positign information, thereef. 45 Al this,time, the X-clegk signals:and the gaxa
1-clock signals obtained based on the analysis results also include

di stdformaton regarding thd cytleandiphaseg and alsothérdireetiontof thé the
waves, regarding the X-direction clock components and Y ‘irection clock

ext tafhigtheht@Thus - the data pixel positions are identified based on the

Xglogk signals and the 1-clogk slanals. and accqrdingly the data pixel ,
performing data differentiaticon by scort detecticn based on
the amplitude values of the data pixels in increments of
symbols will be omitted here, since this is the same as with
the case of the first embodiment. Alsc, description of the
sparse code decoding unit 25 performing decoding processing
of the sparse code in increments of symbols to obtain the
reproduced data will be omitted here, since this is the same
as with the case of the first embodiment.

Also, though omitted from Figs. 43 and 24, a
configuration may be added to the data reproducing unit 13
for performing basic pre-processing normally used in image

processing, as suitable. For example, a signal processing
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S0O9P0963 positions can be identified so as to handle rotation of the

image, as well, Of course, the data pixel positions can be identified so as

to handle enlarging/reducing of the image size as well. Moreover, the data
pixel positions can be identified so as to properly handle distortion, SUEhEC 263
as in cases that the clock frequencies are not the same in the X direction

and Y direction, for example. Also, with the resampling technique
according to the second embodiment described above, the data pixel

s ositions can be identified without using syncs.inserted in the hologram
Jznl? may %e r%ﬁl%vt%) ﬁé’%ﬂ’ll(ﬁh Pdﬁrjlin&ﬂ% %d%tﬁr u(licom %6_1’1

[
page. ACCO € recoraing capacity o e user Sata can pe

coningseased, Thatisteisay, theteeqnding depsity; of user gata gan ﬁﬁt level
improved. Also, with the resampling technique according to the

cor secandembodinerits thel data:pixet positions cdn e ifentifred using not
only the sync portions within the image signals but also the data of the
entité finade neludify dS&-data - FRat 915 3ay FRINE caseBf & Techigies

15,8Mploying resampling dependent on synes. In the gvent that a certan_
portion of-an Image serving as a sync Is damaged, data pixel position

per identification.is not properly-performed-atdbat region, @pdithereds the ; gna

possibility that all data within that region may be l0st, but with the second
zerembodiment, the datapixelspositions cankbesidentified using the entifety of

obtained image signals, and in this sense more robust SC)920963 readout
groBaf bEréha : sets of zero cross points for each row and
each column stored in the array variables, but an
arrangement may be made whereln the X zero cross line
extraction processing unit 46x and the Y zero cross line
axtraction processing unit 46y respectively perform this
processing.

BRlso, description has been made with reference to Figs.

43 and 24 that the equalizing filter 22 branches to the two-
dimensional clock extracting / data pixel position
identifving unit 31 and the pixel amplitude value obtaining
unit 32, for the sake of convenience in description, but in
reallty, an arrangement can ke made wherein The image
signals following processing by the equalizing filter 22 are
stored in memory, with the two-dimensiocnal clock extracting
/ data pixel position identifying unit 31 and the pixel
amplitude value cobtaining unit 32 sharing the image within

the memory.

Advantages of Resampling Technigue According to Second



Also, enabling data pixel positions to be identified without position
identification which uses syncs, normal sync usage can be employed
wherein bit synchronization is Performed, upon which frame
synchronization is performed according to syncs for identifying what309F0963
position on the recording format each bit value is situated. As can be
understood from the point that syncs do not have to be inserted for
identification of data pixel positions, restrictions on the recording format

Embggrjlergg can be alleviated with the second embodiment. Also, the data

plerFpositions are identified using the entire image, without distinguishing
befween syacs-and hser dataas-descred aboye S therg ishe second
restriction on recording modulation encoding whatsoever. From the above,

emb dtcCandre: uniderstadd:that withr ¢he seéeorid embodimentpfréedoif+rlock

. _recording format design can be markedly improved with the second

inf erfbodimant. e rAlSE with the Se&dnd effbobfRéRt abthetimédt cvcle,
extractincg the X-clock companent ggg f-clock comEogﬁrngaCh image is

hasge,. a JAlyrectlon. : rectiona Com 2t s
b subjec?ed to différentiation processmgjfor edge enhancenient, and then

in #RB-lingarprocessing{absolute-yalue processing). and the iImages,are ; on)
then subjécted to analysis by two-dimensional FFT. This enables the peak

serievel oktheiclack sighabcompanenis nbtained as the/resuts of analysisnd
SO9P0963 to be obtained in a more sure manner, whereby erroneous

dirgetektion of cloek sigrial E6mpeRehts canbefimiypreehted. 17 Alg§, image,

with Lge_second embeo(gjil'gent, th%ima\geeﬁ ollowi ,up-sc%lirt]élﬁis divided to

CER W6 %yst%%s?%%%l’[ﬁe proére%%in% of PeRAdifeetion ditferentiation™ " <>

spe200inegr processing; mig-dimengienal ERL andXclocksignale peax

~ component extraction, and

portion of the power spectrum within a second predetermined
range having been extracted from analysis results obtained
by two-dimensional Fourier transformation regarding readout
image signals. Based on the X~clock zignals and the Y-clock
signals, the pixel data positions within the hologram page
recorded on the hologram recording medium HM can be
identified, and the amplitude values of the data pixels can
be obtained based on the position information thereof.

At this time, the X-clock signals and the Y-clock
signals obtained based on the analysis results alsc include
information regarding the cycle and phase, and also the
direction, of the waves, regarding the X-direction clock
components and Y-direction clock components. Thus, the data

pixel positions are identified based on the X-clock signals

and the Y-clock signals, and accordingly the data pixel

|
ot
Ut
fLe)
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1-direction differentiation, non-linear processing, two-dimensional FFT,
and 1-clock signal component extraction,  are performed independently
for the X direction and Y direction, which enables clock signal components
to be extracted well without interference from the other. That is to sa"iz/[,) fhé
enables the X-clock signals and 1-clock signals to be obtained as clock
signals with higher precision.  Also, with the second embodiment, at the
time of extracting the clock signal components, not only the center portion

pos L g Realsporion.of fhe shectrum pul also the syrrounding components. .
can be takén togetﬁer or to generate clock signals, and mc uding the

i ma Hrrodading sidebangs.ip this way:enables jittering:to be-expressed, and pe
clock signals can be reproduced including minute fluctuations in the actual

Ldemeprodaced image. tkhatds:tol sayewith the. preseatiembodiment wherérdate

_ pixel position identification is performed based on clock signals in this_
51 Z%ndther SHigh-prileisn position isleAfficatioh 1§ redtizéd L'SOBP 0963 wifich

1qe481 folloy minute fluctuations In,the,actual feproduced Image-. e as in

963

cases that the clock freguencies are not the same in the X
direction and Y directiocn, for example.

Also, with the resampling technigque according to the
second embodiment described above, the data pixel positicns
can be identified without using syncs inserted in the
hologram page. According to tThis, tThe recording capacity of
the user data can be increased. That is fto say, the
recording density of user data can be improved.

Alsco, with the resampling technigque according to the
second embodiment, the date pixel positions can be
identified using not only the sync portions within the image
signals but also the data of the entire image including user
data. That is to say, in the case of a technigque emploving
resampling dependent on syncs, in the event that a certain
portion of an image serving as a sync ls damaged, data pilxel
position identification is not properly performed at that
region, and there is the possibility that all data within
that regicon may be lost, but with the seccond embodiment, the
data pixel positions can be identified using the entirety of

obtained image signals, and in this sense more rcbust
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In light of the point that minute fluctuations in the actual reproduced image
can be followed, and the point that enlargement/reduction, rotation, and so
forth, for the reproduced image can be followed as described above, pixel
matching in the strict sense (optical pixel matching) where the pixelssé}tgtﬁg%3
image sensor 11 side and the element of the SLM 4 are strictly matched
does not have to be performed with the second embodiment. Thus,
freedom of design of the optical system increases with regard to system

esi nd also inc% SeS in costs for increased precision can be

319N anc g
res sablpresggd. © Nite that while description has been made above that the

data pixel pasitions,gan beddentified without using syncs withthecase of
the second embodiment, it can be clearly understood from the earlier
witestrigtionithabtevenid the dataspixelrpositions are sdentifiedsat that-paiit,
which position in the hologram corresponding to the signal light area A2
Syﬂ%é@@ﬁaiﬁ%l%%sﬁ%ﬁ%%ﬁfhg‘“’t%?;&@é&d%‘?y,%H@ﬁ%ﬁ%ﬁiﬁ@%on 13
pex PSTioMed with the page syncs as described above, 19 identlfy the,
® Toosfﬁoné onthe forma ?pagél sync Eo& ioning uni 33%]3 and at this time,
accdhe number, ofpage synges fogsueh positigning on the format-only, has to
be 1, as shown in Fig. 44 next. SO9P0963 Alternatively, multiple page
receynds:maydenaserded,;-asshownr inikEigi 45 sihithe evént of inserting the
multiple page syncs as shown in Fig. 45, the page sync positioning unit 33
infefratds thsse mufibie-page Syinds éven theugh thélPare Stafdréthinot
1 DOSHOD $0.85 to.he handled as an injegrated page syne (template), and
perf%rms posﬁonlng y temp]1ate math:ﬁlng using corre%ﬁon%omputatlon.
pos 48Q,iR Eh%\é@&ﬁﬁﬂ%%@ﬂ%mug}pée pPage sYeRy theseqare integratedan
and function as an integral page sync, so there is not problem whatsoever
be =®Venfieachdiage:synchpattesn is:differéntdnfaet; such an@rrangemént a
may be intentionally made, to improved the correlation properties of the
Plxfrtegrt pagesynére Nwe hh thedveritithat thefe R7g sihglelpagesync,

. and th%t,s ne is da@alg%id, hetinformation of the %ntire age will become
"1 Rascodable. (Oh the dther hand - fhe antangenient of dispersing niuttiple
de s PROBSYNGS, 35 desaribed,above is advantagepys in that gffects of seyeral

of these being damaged can be dismissed regarding results of page
modpbsitibnmgeprocessing, vand-accordingly infosmatior: ok theventire pagerns be

not lost. Now, with a resampling technique wherein sync-dependent
undefasd pikel pésiioryidentifidetionds peffoffie® theSyhe siZeEs® be
recade relativelylarde so hat the synos wil be detected in 2 stre manner,

second embodiment.

Also, with the second embodiment, at the time of
extracting the X-clock component and Y-clock component, =ach
image 1s subjected to differentiation processing for edge
snhancement, and then non-linear processing (absolute value
processing), and the images are then subljected to analysis
by two-dimensional FFT. This enables the peak level 0f the

clock signal components obtalned as the results of analysis
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S0O9P0963 embodiment as well, page syncs have to be used for
confirming the position on the format at the final stage, but at the time of
this positioning, identifying if the data pixel positions identified and
obtaining (resampling) of amplitude values have already been comp'f’é)tg
and positioning is performed as to this resampled data, so the sync size
does not have to be made as great as with a case wherein
sync-dependent data pixel position identification is performed. In this way

to 53 Well the recording density of user data can be improved according fo
fhe Second embodiment. It should be notéd that the Secon

det &MQdiment performsdinear readout withcoberent addition at the tmewinted.
reproducing, the same as with the first embodiment. Accordingly, the
seebnd embddimehthas thensameladiantages ashwithitheofirstt ol Lowing

embodiment regarding this point, such as reduction in aperture size and
up-feddctivn ofover-saripling ratk"ss COMPAIRE wift'a noRSineapcessing of

recording/reproducing system according to the related art, consequently

A SEA TG Toborig SaRGy B aat as 1 The haibFary 1ecamig =

twof@%%%‘shﬂ,%émd ﬂ@@fﬁOV@Hc@ai@H%%fﬁf @%-n%@%%ﬂm%!&%%ﬁ@“é@iraction,
Resampling Processing According to the Second Embodiment Figs.

and 46 through 49 illustrate experiment results for demonstrating the
effectiveness of the resampling technique according to the second
embEdiffent Hescribetfaisiet Note o1 non-linear processing,

two-dimensional FFT, and Y-clock signal component extraction,

gooes

are perfcrmed independently for the X directicn and Y
direction, which enables clock signal components to be
extracted well without interference from the other. That is
to say, this enables the X-clock signals and Y-clock signals
to be obtained as clock signals with higher precision.

Alsco, with the second embodiment, at the time of
extracting the clock signal components, not only the center
portion of the peak portion of the spectrum but alsc the
surrounding components can be taken together for IFFT to
generate clock signals, and including the surrounding
sidebands in this way enables jittering to be expressed, and
clock signals can be reproduced including minute
fluctuations in the actual reproduced image. That is to say
with the present embodiment where data pixel position
identificaticon is performed based on clock signals in this

manner, high-precision positicn identification is realized
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50950963 that the recording format set for obtaining the experiment

results shown in Figs. 46 through 49 is as follows. Data minimum laying

unit: 1 symbol (4 x 4 bits = 16 bits) Sync size: 1 symbol Sync interval

i_sper: 48 pixels Radius i rad of signal light area A2: 169 pixels RBfer0263
that in this case, the sync interval i sper is twice the interval in the case in

the first embodiment, and the number of syncs arrayed in a page is

markedly reduced. Incidentally, the data amount which can be laid in one

. page in this case is 5,555 symbol g’b tesg. Fig. 46 illustrates the error
o ok G (G ot 1) iy BRIk 1206 i 2 page I
repALaseuhereindata reproduction has been performed with a resampling
technique according to the related art on a hologram recording medium
HNMrwhererdata fecatding-iastbegrmepetformedsactondingda theys in the
above-described format. This "resampling technique according to the

act yelhtetPaT OHere 98 tHe"sarme B8 the Seélinigie’ &6oording tbthe Pelated arpat
_ described in Fig. 19 above. Specifically, this is a technigue wherein a data

=5 BT BoSitioh 1S SEledigd o 434 184d6H Sighals. And the vaue thereof
repiStakenasithe amplitude, valdg; 1 o Msp, Hg- A/ lllustrates the.eor ¢ o1

distribution, SFR (symbol error rate), and SNR (S/R ratio) within a page in
mat@hing in the strict sense (optical pixel matching) where
the pixels at the image senscr 11 side and the element of
the SLM 4 are sirictly matched dceces not have to be performed
with the sescond embodiment. Thus, freedom of design of the
optical system increases with regard to system design, and
also increases in costs for increased precision can be
suppressed.

Note that while descripiion has been made above that
the data pixel positions can be identified without using
synce with the case of the second embodiment, it can be
clearly understood from The earlier description that even if
the data pixel positions are identified, at that point,
which position in the hologram corresponding to the signal
light area AZ these data pixel positions belong to.
Accordingly, the positioning is performed with the page
syncs as described above, to identify the positions on the
format {(page sync positioning unit 33), and at this time,
the number of page syncs for such pesitioning on the format

only has to ke 1, as shown in Fig. 44 ne=xt.



SO9P0963 case wherein data reproduction has been performed with the
resampling technique according to the second embodiment. In these
drawings, the in-page errors are indicated by outline squares, and double
squares indicate errors in bit increments (bit error) at the inner frame&09P0963
thereof and errors in symbol increments (symbol error) at the outer frame
thereof. First, in the case of the resampling technique according to the
related art shown in Fig. 46, we can see an entire sub-page in error at a

[ t th ight portion, f le. This indicates that around
Sy T GATiTTg ehich dBector s BEd 15 AT GHfch (30ether h ik =5

shofASehe SER yas 7G4,symbols.put of 5555 symhols, Jor L.275:00L 1
Also, SNR was 2.40. Conversely, with the case of the second

pagembadimentshovwin Eig. 47 qwe €an seedhatihereismno eoncenirationg
of error due to failed sync detection such as with the related art (i.e.,

unifesamphirtERERhg@e Witteinsyheidepende aedatarpikel positiophough
identification is pen:grmed . Paositions where errors have oc§irr d are

7 YigpeTsed Andthe huhiber tiferedf s siiafe? aswell: 1M IS cae the"
int SERWAS 479,5yrabals out ofp,pEB Symholy, a7 28802, and the SR 4,

was 2.79. From thése results, we can understand that higher reproduction
temSignat ghalty icanbeebiamedvitrethersegondomputation.

Alsc, in the event of inserting multiple page syncs,
these are integrated and function as an integral page sync,
so there is not problem whatsoever even 1f each page sync
pattern 1s different. In fact, such an arrangement may be
intenticnally made, to improved the correlation properties
cf the integral page sync.

Now, in the event that there is a single page sync, and
that sync 1s damaged, the information of the entire page
will become undeccdable. On the cother hand, the arrangement
of dispersing multiple page syncs as described above is
advantageous in that effects of several of these being
damaged can be dismissed regarding results of page
positioning processing, and accordingly information cof the
entire page 1s not lost.

New, with a resampling technigue wherein sync-dependent
data pixel position identification is performed, the sync
size has to be made relatively large soc that the syncs will

be detected in a sure manner. With the case of the second



SO9P0963 embodiment than with the resampling technique of
sync-dependent data pixel position identification according to the related

art. In other words, this means that with the second embodiment, in a

case where higher density recording of user data is performed than WthF0963
the related art, deterioration in reproduction signal quality can be

suppressed. Also, Fig. 48 illustrates the margin properties regarding
enlargement/reduction of the reproduced image. in this drawing, the

hgrizontgl axis repr sents the enlar ement/re,ducgon of thg r groduced
embogdimen (fﬁ]we pa%? Shpele! hﬁye TRbeFof-aH ks
image, and the vertidal‘axis represents the number of errors (number of

con SYMROLerrors). The dotied ling shews e fesults of a,case where the . |
resampling technique according to the related art was employed, and ?he

but selid lihe:shaws the results of acasewherg the desampling-techmiquee data
according to the second embodiment was employed. As can be seen

P1xgvhefé S the thsd rthelitEERRiqBEAcedidiid fo the rektedarite) of

fuycnber of errors s ddenly 'chea esbat around 1‘{0 gnlgrgeme t/reduction
P rate i other Words, With the t168finiqué decodrdiy fo'thie refatéd art, the

pos Plargemenyedyction yate mnargin s restricted.to.around 136 Qn the, .

other hand, with the case of the second embodiment, the number of errors
synds almost angbanged tozaround He enladgementireduction rate 80 wetahe
see that SO9P0963

wherein sync-dependent data pixel position identification is
performed. In this way as well, the recording density of
user data can be improved according to the second embodiment.

£ should be noted that the second embodiment performns
linear readout with coherent addition at the time of
reproducing, the same as with the first embodiment.
Accordingly, the second embodiment has the same advantages
as with the first embodiment regarding this point, such as
reduction in aperture size and reduction of over-sampling
rate as compared with a non-linear recording/reproducing
system according to the related art, conseguently enabling
high recording density of data as to the hologram recording
medium HM, and improved data transfer rate.
Experiment Results cof Resampling Processing According to the
Second Embcediment

Figs. 46 through 49 illustrate experiment results for
demonstrating the effectiveness of the resampling technique

according to the second embodiment described above. Note
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the enlargement/reduction rate margin has been markedly widened as
compared with the related art.  For reference, Figs. 50A and SOB

illustrate analysis results with two-dimensional FFT in a case of

enlargement to 1.1 times. Fig. 50A has extracted only nearby the X &4§F0%63
and the toned portion therein represents the range of peak search. Also,

Fig. 508 has extracted only nearby the Y axis, and the toned portion

therein also represents the range of peak search. As can be seen from

hese drawings, the peak of the peak component moves in a direction
L e e GHia ARG GT 4 BrBRaT

resiMage (:6,,in the direction gfreduced frequency.inthe £ase gf s
enlargement).  Referencing the search ranges and peak portions in

Dat theserdrawings: wenean:sae: that thesgnlargemeantaeduetionsmargin values )
(around 9%) described above has been determined by the search range.

SYNThatisae say, with#se earlier-described search rage (101 x 101) settings,
the margin is around 9%, meéa\ning that a wider search range would allow

SYTfor'ah&vert great&siargeferttéduction margin. This can also be
radflearly understeod from,the,prgperties diagram injkig. 48 that while with

the technique according to therelated art, the increase of the number of
ercoss beeomes Mmarked sherstbere: isceniargementkeduction, with the s
technique according to the second embodiment the number of
twice the interval in the case in the first embodiment, and
the number of zyncs arraved in a page 1s markedly reduced.
Incidentally, the data amount which can be laid in one page
in this case is 5,555 symbols (bytes).

Fig. 4¢ illustrates the error distribution, SER (symbol
error rate), and SNR (S8/R ratio) within a page in a case
wherein data reproduction has been performed with a
resampling technigue according To the related art on a
hologram recording medium HM where data recording has been
performed according to the above-described format. This
"resampling technique according to the related art” here is
the same as the technigue according to the related art
described in Fig. 19 above. Specifically, this is a
technique wherein a data pixel position i1s selected from 4 x
4 readout signals, and the value therecf is taken as the
amplitude value,

Also, Fig. 47 illustrates the error distribution, SER

{symbcl error rate), and SNR (S/R ratio) within a page in a
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509P0 963 errors hardly changes up to the edge of the margin.
Further, Fig. 49 illustrates margin properties as to rotation of the
reproduced image. In this drawing as well, the horizontal axis represents

the image rotation, and the vertical axis represents the number of erfOraF 0963
(number of symbol errors). The dotted line shows the results of a case

where the resampling technique according to the related art was
employed, and the solid line shows the results of a case where the
res m@lingﬁte hnigque accg@%r%to thehsaescokr)]d embodiment was

& e T3 repr ior . een, perrormed with the
“ SCAémwp gyedl. As Gan b 'seen from this drawing, tHe margin regarﬁlng

ressolation has also been markedly improved.over the-technigys accoeding to 1,
the related art. With the technique according to the related art, the
thepropertied shew acsudden-inergase tir etrors:atarondd ©:5 degitee inutline
rotational angle. On the other hand, with the case of the second
squahfsodimBat, drelhbmberBREREr RArdR cidhges6 Bfoudrd B Hegrees,
. ___meaning that the margin as to rotation has been enlarged by around
$7C TG ds Copareo o the techmidue ST 16 The AEYar - SZ7o7S
in £9%51AaNd 1R Hlustrate apalysis results with two-dimensional FET in a
case of rotation of 5 degrees. Fig. 51A has extracted only nearby the X
theaXisfand the toned portion therein represents the range of peak search.
Also, Fig. 51B has extracted only nearby the Y axis, and the toned
SOIPEY63 portiohthereht alsd representshierhfge 'bf peak e&rch. As

can pe seen from these drawings, the peak portion obtained at the time of
2o 338 shifts IR 2 difeciioR SiFof thé A i Becordance with he = 22 27

ent JtatIQNAY direction of the image, with,ng.change.inthe freguency. thereof.

Due to such a phenomenon, it can be understood that the direction
portion, for example. This indicates that around a sync

regarding which detection has faziled is all in error
together. In this case, the SER was 704 symbols out of
5,555 symbols, for 1.272-001. Also, SNR was 2.40.

Conversely, with the case of the second embodiment
shown in Fig. 47, we can see that there 1s no ccncentration
of error due to failled sync detection such as with the
related art (i.e., resampling technigue wherein sync-
dependent data pixel position identification is performed).
Positions where errors have occurred are dispersed, and the
number thereof is smaller as well. In this case, the SER
was 429 symbols cut of 5,555 symbols, for 7.72E-002, and the
SNR was 2.79.

From these results, we can understand that higher

reproduction signal quality can be obtained with the second
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and amount of the peak portion shifting off of the axis from the reference

point in the analysis results represent the direction of rotation and the

rotation angle, respectively. Also, it can be sent by referencing Fi

51A and 51B that the margin value of 5 degrees described above h 9 0963
been determined by the peak search range. That is to say, a wider search
range would allow for an even greater margin as to rotation as well.

From these results, we can see that the second embodiment is more

emb(f%gustag |ma?\)i%etﬁehor ség)rréér?g%%rﬁhgﬁ gincdr ton %mf'%;}ﬁ%s of

esampling t con iment First

aepdModiication: = With the.desariptian sedar, at lQ%tim@rPfé@%Hlﬁﬂﬁlﬁéh%o

data pixel positions, a peak portion is searched from the analysis results
the of dle-dimensional FRT,@rnttheyeakportion is suected ta tFFTL sb ashe

to obtain clock signals as a two-dimensional image, but data pixel position
sec@poppggyiinent, in a case where hlghev density recording
of user data i1s performed than with the related art,
deterioration in reproduction signal quality can be
suppressead.

Also, Fig. 48 illustrates the margin properties
regarding enlargement/reduction cof the reproduced image. In
this drawing, the horizontal axis represents the
enlargement/reduction of the reproduced image, and the
vertical axis represents the number of errors {number of
aymbol errors). The dotted line shows the results of a case
where the resampling technigue according to the related art
was employed, and the solid line shows the results of a case
where the resampling technigue according to the second
embodiment was employed.

As can be seen where, in the case of the technigue
according to the related art, the number of errors suddenly
increases at around 1% enlargement/reduction rate. In
other words, with the technique according to the related art,
the enlargement/reduction rate margin is restricted to
around 11%. ©On the other hand, with the case of the second

embodiment, the number of errors i1s almost unchanged to

around 19% enlargement/reduction rate, so we can see that
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identification can be performed even without obtaining clock signals from
a two-dimensional image in this way. First, with the first modification,
the processing up to performing peak search from the analysis results b¥
two-dimensional FFT is the same, but clock information is directly 50920963
obtained from the peak portion detected as a results of the search. As
described earlier, the center component of the peak portion corresponds
to a single plane wave approximating the clock signals, and the cycle and
phase and normal direction are determined from the peak position and
the CEib o mBIB AGIRBEN o theFourier TegtoR, THAL 5 1 Bay the Eistaince
wiadiomythesorigin,of thespeak positian is-the-freguepcy, and the reciprocal
thereof is the cycle. Also, the direction of the peak position with the origin
asra referenceds the normal direthioarfurtiies, thelvalue foomplex 1ysis
number) at the peak position determines the phase of the plane wave.

resNeesrdingly, doek iisiriationican e ébtainetl fFomahe hosition Eeriribe o

of the center component of the peak portion ohtained as a result of the |
L el Fhde, 1 e A B SIS G Aol et ot

ana e, center, pasition of the pegk, dhe resgmplingposition.can be obtained -

relatively easily with the following calculation P(m, n) - PO + m * Lclky + n
seafdielkx SOOP0963wherem and naredategers, H{my nheepresentather axis,
coordinate of the resampling position n'th in the X direction and myth in
and th@ ¥ dirdetionPPOrepreseints & tefererfce pointTor i feshifplingnae of
position coordinates, as one solution for thgﬁ%!)tima samplergositi
- |

pea BpiSAGE fiom (he K Hrebfiort SERK BhaRY- HIERTorCaBR fitile thars Bk
oc many.solytions, s pawralip select one nea the middle. of the image

with m and n as integers), Lcikx represents the fundamental period vector
oroehthel X-direction clack (single plane waveyanshl:clky: tepresents dfe che

fundamental period vector of the Y-direction clock (single plane wave).
oriqgie thattae fundanfentaliperidtevettoris alvactafomisics tite Treguency

magnitude is equal to the wavelength, and the direction matches the

“ WireofiGit ot propagatiory <"

Referencing the search ranges and peak portions in
these drawings, we can see that the enlargement/reduction
margin value (around +9%) described above has been
determined by the search range. That is to say, with the
earlier-described search rage (101 x 101) settings, the
margin is arcound *9%, meaning that a wider search range
would allow for an even greater enlargement/reduction margin.
This can also be clearly understcocd from the properties
diagram in Fig. 48 that while with the technique according
to the related art, the increase of the number of errors
becomes marked when there is enlargement/reduction, with the

technigue according to the seccnd embodiment the number of
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While the way to obtain PO may differ according to the method for

generating the timing pulse signals, in the event of performing

differentiation and taking the absolute value, a negative peak position is

an optimal sample position as shown earlier with Fig. 34, so one ne&dH&EC 963
middle of the image can be selected. A feature of the first modification

is that only the center component of the peak portion obtained as the

result of searching the analysis results. That is to say, using the single

lane wave corresponding to the center component as the clock signal
erraﬁgv% %ﬁéi%gor%?lnag?gs@ Sf%ﬁ% d:a?aglijxeel §PGo63 BSSWSE@ td'be easily

obgaiped by lineag,computafiop as.describgd aboye hagedonthe 5
information of the cycle and phase and normal direction (vector).
rotéAccordingly tthe cateulativn-processing loadicancbe matkedly alfeviatede 11,
such as IFFT which has a relatively great processing burden not having to
the pagierforhied foridentifyffgreatapiel positiohsge 1pskdulebe roted the
that tTde data pixel position identifying technique according to the first

Ve ehibodiMantmay Be patformed on tHe Sttire Pags imags, BICRAS case,
syt singlescycle plapg waye will pe used ag glock signals, 50,the gg@%gi"&yase

to following minute deviations will deteriorate. Of course, this is effective

whe regardingrehangelinthe estiterimage, suehasifelation, the related art
enlargement/reduction, and so forth. Accordingly, in the case of

Was hale ey ffhutédévigtions asing thelteckdigues acéordingtothe fiest a case
modification, the image can be divided into multiple regions, and the

M2 5ri68 Bf protesEing périoted oA Eaditegion: This-divisitn makes the
@mbg&g_n%fne@c@argng%&g§£@pdled smaller, is the clock cycle within each

region can be viewed as being a single cycle. That is to say, identifying

the sesampling pesitionsrby thenaboverdesaiipeddinganeemputationder i ng
each region allows the capability to following minute deviations to be
rotahsoredtosa éertainextentmarkedly improved over the technigue

acceording te the related art. With the technique according
to the related art, the properties show a sudden increase in
errors at around 0.5 degree in rotaticnal angle.. On the
other hand, with the case ¢f the second embodiment, the
number of error hardly changes to around 5 degrees, meaning
that the margin as to rotation has been enlarged by around
tenfold as compared to the technique according to the
related art.

Figs. 51A and 51B illustrate analysis results with two-
dimensional FFT in a case of rotation of 5 degrees. Fig.
51A has extracted only nearby the X axis, and the toned
portion therein represents the range of peak search. Alsc,

Fig. 51B has extracted only nearby the Y axis, and the tcned
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As for specific processing, first, two-dimensional FFT S0930963 is

performed for each region, and peak search is performed in each region.

The above-described linear computation is performed based on the center

component of the peak in each region, and the data pixel positions ar@ 9P02€3

determined. In the case of dividing into regions to performing the

processing in this way, the same processing is performed for each region,

so multiple signal processing device can be arrayed and calculation

. erforrgﬁd in garallﬁl. Such a hardware cgkr%figruration would re}zéllize h

PO iitked PEdUELBN T ProcesBinigtiMe “Notd Tt the tediriguefor ™ ="

as Egiondidsin i-alsp applicable fa g.case of petoming \FET.and
reproducing clock signals as the actual image, as described above. That

obtisiirethai case dwe-timensionaldEETds perfommed for eachiregion; pealk f £
search is performed for each region, IFFT is performed the peak

of ebmponedt for eaghk gedidarand hietdlodk:Sighalsaire obtdined fordachn of
region. Up tg the subsequent zero cross line extractiongjh%)erformed b

i

ehe rGHGRE but exiralliort 6F T inds i Ferfor b 10 the ahti Thage tbing®
sucilezeorass lings extracted foreagh segion, I this,case as well, the. ; o,

processing can be made the same for each region up to extraction of the

and ZEHHENOSS difes, 59 abarlwareconfiguration ferparalielproeessing:is from
thereof can reduce the processing time. Also, in either of a case of

the hapndkigeloek Bighals as SO9PE963-single plase Waves aiptsteade 6he
handling as an actual image, a format can be defined wherein the

2 i fogPAm Pagels Aividsd i mulfipld 764ibns And e formiat 98 SeL8F Y
smallindependent pages..and gach.ragion (smallpage)ds subjected 105 5
the series of processing in parallel, so as to reduce the processing time.

that the margin value of 5 degrees described above has been

determined by the peak search range. That is to say, a

wider search range would alleow for an even greater margin as

to rotation as well.

From these results, we can see that the second
embodiment 1s more robust as to image defcrmation,
distortion, and rotation.

Modifications of the Resampling Method According to the

Second Embodiment

First Mcdification

With the description so far, at the time of identifying
the data pixel positions, a peak portion is searched from
the analysis results of two-dimensional FEFT, and the peak

portion is subjected to IFFT so as to obtain clock signals

as a two-dimensional image, but data pixel position
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Second Modification The second modification is for generally

positioning an irradiation area of signal light on the image sensor (i.e.,

valid reproduction area), using lowband components of the frequenc%/

analysis results. With the second embodiment, FFT is performed on ﬁﬁiﬁ@963

pulse signals to obtain frequency analysis results, and in this process,

lowband components are also obtained. This is applied to obtaining a low-

resolution image, and perform rough position based thereupon. The
s qeSES9Nd modiication will be describedwith reference to Figs, 524 8nd 523, .,
- ig. i5'a fow-resolttion image o%cflaineg by ‘performing FT of the
s 1 giowhand.camponentobtaipgd from;the; frequency analysisresults. Note

that in Fig. 52A, an example is shown wherein the frequency components

of Biardowew hatte been extracteddrbint the: tna-dimensionat dt<lsresulis,up

and a 64 x 64 size image has been formed by IFFT. The image size is
Lo RalC$8 e arpult 6FCdICHlaticiPWhidkhas B bepérfrpiet Réreds two-
dimg?’%%’ltp%sﬁio’?%?e&toéﬂ% egé{%?éy- BOroe3, also.inthe second

maodification; a ring-shapedtemplate is prepared beforehand as shown in
a1 r &G D25, T his ingrshapsd templatecan.be understpod-as having been

created after the generally circular shape in accordance with the signal
reslightarea A2 <l hatis-torsay, the signal light irradiation area on the image

sensor 11 is identified based on the results of having performed

cotrelativrrealbgatiGiibethiden thisyirtshapederplarerand thetiifageca k
porggggmg%%gggﬁggggngggé?%ﬁkxﬁEzplane wave approximating the
clock signals, and the cycle and phase and normal direction
are determined from the peak positicn and value (complex
number) on the Fourier region. That is to say, the distance
from the origin of the peak position is the freguency, and
the reciprocal thereof is the cycle. BAlso, the direction of
the peak position with the origin as a reference is the
noermal direction. Further, the wvalue {complex number) at
the peak position determines the phase of the plane wave.
Accordingly, clock information can be obtained from the
position and value of the center component of the peak
portion obtained as a result of the search.

Thus, in the case o¢f obtaining the clock information

based on the center positicn of the peak, the resampling
position can be obtained relatively easily with the

following calculation

P{m, n) = PO + m * Leclky + n * Lclkx
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As for the ring-shaped template, the value of the outer perimeter or the

ring is "-1" (the black portion in the drawing), the value of the ring portion
adjacent thereto on the inner side is "+1" (the white portion in the

drawing), and all other values are "0" (the gray portions in the drawif§)?F0263
The shape of the signal light area A2 is generally circular, and this aims to
perform positioning only at the edge portions of the grayscale image, so

as to not be affected by irregularities in grayscale value corresponding to

the interngl recording data. rou%h positionin% roces}§ieng can be

Su
Wheﬁ%r%rrﬁg a?)p@/ﬁ"leg éblbtoerﬁgrlf of thge fPéquénc?%%‘Ffs's fesu S,’so there is
coo BIMAskNO ineregse in the amopnt ot caleylation -Alse, g Jow-resojution

image of a size around 64 x 64 is sufficient such as shown above for
direxample, and increase i thesamodat-efcaleilatiancan:pe syppressead in

this way as SO9P0963 well. To realize the positioning processing as
refeyis BecomP mvdification Mfirst oheraf tha ERTOprotessing nitsl4Rétiger as

42x or 42y) performs peak component searching and lowband component

o€ e&FdHior: Thotigh DATHEE frofiT the drawiftgs & postionig ufit BaR be:
1. 860gd which gbtains.a oweresolution Jmage suchyas. shown in Eig, 5265y -

performing IFFT of the low-resolution component extracted at the EFT
man Progessingainit 42, performscorielation calcuwationwith ke ringishapeddie
template prepared beforehand, and obtains a position which yields the
of meExiruADEalbé Heratcrasithie position- mteratationiof the sigpak igitsiea the
fun%%”d reproduction area). Once a valid area has been identified, this

iBiitation Eait b8 UsBA TG PerBim réfroduction proceSsing B the Brtiéty’
o122 Jose robustmanner, The follawing s ap exanple thereal: o cEirsty

an arrangement can be concelved for using at the time of detecting page
vecSYRCS: fl hahis to-sayy the-search range okthejpageSynepasitioning umit < e

33 sets the page sync search range, based on the position information
thaidentified at trenpoditcning uhitdOnee the general pesitionr obthewalidh the

reproduction area has been found, the search range for paigg sync

MAIgetdttitn tan BB estricted ftPa HATOWeE? Fafige BASed GrY the position ™
nat JHAINRNQD- Acpordndly, & e gl afangement can be realized
wniie

While the way to obtain PO may differ according to the
method for generating the timing pulse signals, in the event
of performing differentiation and taking the absolute value,
& negative peak position is an optimal sample position as
shown earlier with Fig. 34, so one near the middle of the
image can be selected.

A feature of the first modification is that only the
center component of the peak portion obtained as the result
of searching the analysis results. That is to say, using
the single plane wave corresponding to the center component

as the clock signal allows the ccordinates of the data pixel
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SO9P0963 reducing the amount of calculation.  Alternatively, an
arrangement can be conceived for using at the time of zero cross point
extraction. According to the above description, extraction is started from a
zero cross point near the center which is reliable. However, if the po§i@i%ﬁO963
of the valid reproduction area is identified beforehand, the general center
position can be obtained based on the positional information thereof, so

zero cross point extraction can be started from around that position.

pos SPESiically, each of the X zeto cross Ine,extraction piocessing unit 46k
an Zero cross line extraction processing uni y start zero cross point

de s &XYaCpnbased on the position informationidentfied At the. cycle ang
above-described positioning unit. Third Modification ~ Next, a third

pha modifichtion wilk beddesetbed.rin the deseriptionfgiven aheve, an example
has been illustrated wherein, at the time of performing a search for the

calpear porfonfroAtRe andlysisyésais oPhetvbtdifiensiohaP FEF LB, such

as X'%%Ck %L?Q%' ?fmpon‘?_f‘etwpm@%%igg uniL 2P and the 1-clock 9008, not
compofidntprocassiig TRt 43y ca rform peak searchifg
havindependently, but gn.ariangement may: be made wherein, at the ime.of ;5
searching for X-direction and Y-direction peaks, the X-direction and
Y-directionpenk-gearch ¢y be perfaemed campiehansively hased on the
respective SO9P0963 components in orthogonal relation.
identifving technique according to the first embodiment may
be performed on the entire page image, but in this case, the
single-cycle plane wave will be used as clock signalis, =0
the capability to following minute deviations will
deteriorate. Of course, this is effective regarding change
in the entire image, such as rotation, enlargement/reduction,
and so forth.

Accordingly, in the case of handling minute deviations
using the technigue according to the first medification, the
image can be divided into multiple regicns, and the series
of processing performed on each region. This division makes
the size of each range to be handled smaller, i1s the clock
cycle within each region can be viewed as being a single
cycle. That is to say, identifyving the resampling positions
by the above-~described linear computation for each region
allows the capability to following minute deviations to be

ensured to a certain extent.

As for specific processing, first, two-dimensional FET
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Fig. 53 is a diagram for describing the third modification performing such
comprehensive peak search. Note that in this diagram, the relation

between the X-clock signal component search range and the Y-clock

signal component search range is illustrated based on the frequency axigl 963
fx and frequency axis fy. Now with the present embodiment, the SLM

4 is 512 x 512 pixels to begin with, so the relation of the X-direction clock

and Y-direction clock is approximately the same, i.e., fx = fy =512, and

. alth u%h tfg%esjg IS someheffect of minuteJIuctuaIyon of th% image, th% s

S Rormarvector ofthe Wavefront of t’heaﬁ}ané) Waves Thereof are inan = oo

in @PProxmately, orthegonaluelation.. < - AGcordingly-we cananphxa binding
condition which says that "the X-direction clock and Y-direction clock have

per the samefeguency anddhe svaverdirestipns are- oriiogonall and perfosmch
comprehensive power spectrum evaluation for each set of points within

rey e X-direttioh Sedfctprangesan dopsiatsiwitlin die Yagirecivasedrch In the
range which satisfy the binding condition, so as to pbtain the %oints which

CasYidid e greatelt evalation Vaftiéas the peak ih'the X-dirsctiohSearcn 9

searc

n fange god the peak in fhe J-direction search F’&% rme3Pegifically, the

o sum, proguct, and so for?r?(r)f the power spectrum are calculated as

reg@valuaienwaluesdoe each; 130030963861 0f poins withincthe X-directionyed
search range and points within the Y-direction search range which satisfy

and tiye bindirg-éonditicr; amerthe combhddtiohWith the greatést valeigre

btained as the X-direction peak and Y-direction peak. . .
conhigurat?on would xeafﬁze magﬁeg re uBt%on in processing

Time.

Note that the technigue for region division is also
applicable to a case of performing IFFT and reproducing
cleock signals as the actual image, as described above. That
is, in that case two-dimensicnal IFEFT is performed for each
raegion, peak search is performed for each region, IFFT is
performed the peak component for each region, and the clock
signals are obtained for each region. Up to the subsequent
zero cross line extractlion 1s perfcrmed by regions, but
extraction of grid lines is performed for the entire image
using the zero cross lines extracted for each regiocn. In
this case as well, the processing can be made the same for
each reglon up to extraction of the zero cross lines, so a
hardware configuration for parallel processing thereof can
reduce the processing time.

Alsc, in either of a case of handling clock signals as
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It should be noted, however, that while this technique is effective in cases
where there is almost not distortion in the reproduced image, but there is

no guarantee that the relation of each peak position will be orthogonal

without fail. Accordingly, the peaks obtained as described above areStakén 63
as tentative peaks, and a more detailed peak search is performed
independently for the X direction and Y direction again, within a narrower
range set with the tentative peak positions as a reference, thereby

. obtaining the final peaks within the X-direction search range and ,
10 G oA DR ® R Guth o BRRIGS, A Sodiin e {mace,
a cBerformed with anjorthogonal selation, as a.condition, s detection.can-he, s q
performed without being confused by surrounding great false components
intwhich might bertbg abovedescrbed entative peaks. heremposral 1
detailed search is performed based on the tentative peak position, thereby
indfreetsmpravingthe peak detettiore predisidiema 1 Nave seconifigupatioected
for the above pegk detection can be realized as follows. First, an order for
Lo HBfectifig power 'SBEPHEES SplcttiimEde Aetefminet bétoretanbB®with® e
pmg%g:asr%% cgmpéqations of points within the X-direction search range and
Y-direction search range satisfying the above binding condition. The

secdnelosk signak-campenent processing unit 43x and Y-clock signal
component processing unit 43y each detect the power spectrum within the

reSpective searthvangés ig theodetepmifed ardes Thehy ope ot theceloeky an
ignal component processing units 43, or a newly and separately provided

£ £r 3OAR HRIATAG UP CailiRLs bYARAioR vERs TREH GRS Howt -
va1 FACCIUIGF cachof the pojnts pbigiaed as deserived aove, 200 de o

combination with the greatest evaluation value at the end Is obtained as
frethesXdirestian peak apdshdirectionpeak. Faurth Modification.d i efourthre
modification adds improvisations to the differentiation processing. With the
is descriptioacsoofar,the differentiationsprocessing s perferivedibye braiching
the up-scaled image into X-direction differentiation and Y-direction

N3 YiffetEntiation 1o Dotdiffmabes As Tndepanaignt imftiyisdiSe SYRERT BUE
are! %Tééd'%eé%gﬁ‘hz%’éf&e!e”tﬁ@ and T-direction ‘%‘ge%%‘é'é‘ﬂﬁ% nbe .,
performed at the same time on a common image oIIowmg u -scallng.
resclution image, and perform rough position based thereupon.
The second modification will be described with
reference to Figs. 52ZA and 5ZB. Fig. 52A is a low-
regolution imace obtained by performing IFFT of the lowband
component obtained from the freguency analysis results.
Note that in Fig. 52A, an sexample is shown wherein the
fregquency components of 3 or lower have been extracted from
the two-dimensicnal FFT results, and a 64 x 64 slze 1image
has been formed by IFFT. The image size is small, so the

amount of calculation which has to be performed here is

scant as compared to the entirety.
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Fig. 54 illustrates the internal configuration of the data reproducing unit 13

for realizing the fourth embodiment. Note that in Fig. 54, only the

equalizing filter 22, SO9P0963 resampling unit 30, page sync positioning

unit 33, and symbol extracting unit 34 have been shown, but the othep 70963
configurations within the data reproducing unit 13 are the same as with

the case of Fig. 24 described earlier. Also, portions in Fig. 54 which have
already been described with reference to Fig. 43 are denoted with the

same reference numerals and description.thereof will. be omitted. In
e, o X robhenal M Ao brobssing U ADk T L

remprdirectional differentiation precessing unit 40y, X.absolutevalyes . This
processing unit 41x, Y absolute value processing unit 41y, X-FFT

ringratessing urithd2x ando¥iFFeprocessing onit 42y dre omittetheamd
instead a Sobel operator processing unit 50 and PET processing unit 51

cregr8 Provided. THeESHsEIvpRtatdr Processimg umitStEperforats 8ohence
3 mQPETALOL processing on the imagg signals fromthe equalizing fiter 22, The
ISR opél%tor préégssmg IS processing equivafsenfto sin?fdlta‘heouslyg
1igperforming:the Xsdirgetion differgnitiation processing.and Y-directian« 1 £ i eq
differentiation processing described above. Also, the Sobel operator
basqocessingalse includesoprocessing egaivatentitalthecabsolute vatue
processing. Note that Sobel operators are discussed in "Gazo

calyiAghikioront B Kiakbto Natjab PUbRSHEERY CORORAPBBEISHIRG Mage

gen&iJrelPy Irstprinting Fepryary 15, 1983.

Ls for the ring-shaped template, the value of the outer
perimeter or the ring is "-1" (the black portion in the
drawing), the value of the ring portion adjacent thereto on
the inner side is "+1" (the white portion in the drawing),
and all other wvalues are "0" (the gray portions in the
drawing). The- shape of the signal light area A2 is
generally circular, and this aims to perform positioning
only at the edge portions of the grayscale image, s¢ as to
not be affected by irregularities in grayscale value
corresponding to the internal recording data.

Such rough positioning processing can be performed
applying apportion of the fregquency analysis results, so
there 1s almost no increase in the amount of calculation.
Also, a low-resolution image of & size around 64 x 64 is
sufficient such as shown above for example, and increase in

the amount of calculation can be suppressed in this way as
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SO9P0963 Now, Fig. 55 shows an image as the results of Sobel
operator processing. From this diagram, we can see that an image can be
obtained from Sobel operator processing where X-direction edges and
1-direction edges have been merged. This can be understood by SU09P0963
comparing Fig. 55 with the images of X-direction timing pulse signals and
1-direction timing pulse signals shown in Figs, 28 and 29 earlier. The FFT
processing unit 51 shown in Fig. 54 performs two-dimensional FFT
; Processing on the processing results by the Sobel operator processing
"~ yhit 50 which are equivalent to such a shared image being subjected to
simyltanequs, X-direction, differentigtion and-L-directipn.differentiation {and
absolute value processing). Fig. 56 illustrates the results of analysis
mod ivdhere twesdimensienal kinE hag bera performed onthe rSpbeh operatar
processing results shown in Fig. 55. It can be seen that by performing
(el fvedirhéisioRallBFT ofthé Sobel Bperateribeassity fesultspasksind
clearly exist at positions predicted from, the design thereqf, near the X-axis
0 A A TR Yo O the SAme Fourrdr biate, KEeordingly s cafe
aradfetstand that the X:direction clock signal componentsand Ldirectian
clock signal’components can be extracted without problem from the
1 ow-analysisaresults Wwhetein twedimensionabFET has beenjrerfoymedohthei ng
Sobel operator processing results. SO9P0963 In Fig. 54, the X-clock
IFE'Bighal EBmpoREnt5rdeessing tinikt aBR &kt I-clotk sifiat €ompoheat F & T
rocessing unit 43y perfornsjE 8eak searches within each of the search .
e

PTOYSTGe hearthe X-agis dHd™Searl rarfge Redr the™y-axis tartave béen "
thedggﬂ i@ﬂ%ﬁ%@”%@%%hﬁ@@“HE%@%ﬂxﬁsé%%%§éM¥ﬂ8U‘and obtains a

two-dimensional FFT has been performed on the Sobel operator

pos pracassingiresulis ebtainethat the Frd:processiag tinitod: Subsequent
processing is the same as that described above, and accordingly

pos deseriptiontthereof Wil be bniitted s L grkccordiag to teefoulthalid
modification, the two-dimensional EFT‘processin%’gr clock extraction can

rePBRTEdnCE o tvice to"61E tifhe! Which R %va %eBﬁ?rih fhda??ﬁel tied,
£n1 Galgiiatiop amonnt can e madkedly reduced. Also, while dhe tachinique

according to the fourth modification increases the factor of mutual signal
produederencein the Xddirectien andry directionshoulddie neteddhat tining

pulse signals are basically in an orthogonal positional relation, so there
fol sholkichel Ao proffiemmmeralihereot.

First, an arrangement can be conceived for using at the
time of detecting page syncs. That 1s to say, the search
range of the page sync positioning unit 33 sets the page
sync search range, based on the position infermation
identified at the positioning unit. Once the general
position of the wvalid reproduction area has been found, the
search range for page sync detection can be restricted to a
narrower range based on the position information.

Bccordingly, a more robust arrangement can be realized while
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Fifth Modification Description has been made so far that timing pulse
signal generation involves both differentiation processing and non-linear
processing (absolute value processing), but timing pulse signals can be
generated by performing only non-linear processing, without perforniRgFc263
the differentiation processing. Performing the differentiation SO9P0963
processing can prompt extraction of clock signals which are more

accurate, by enhancing the edge accompanying the clock component, but

the read intent of extracti Ic%ck signal components in the frequency

gthec
r Ediﬁﬁdi&? isti%eorﬁlg?%ngxpo dctﬁgcs% i over a wide range in according
to Ahe image by way of nonglinear pracessing, soglock signal exiraetion

generally equivalent to that of the above-described specific example can

usibhg performedhrgenerating tming-puWse sighalssiy wayof sen-linearording
processing alone. Fig. 57 illustrates an image wherein an up-scaled

to jrhgge has beensubjectedas itdstorabsdlate visus processingr Alsoz Fig £ o
58 illustrates the analysis results of two-dimensional FET for an image

O Fslloing AbSbitte Valde Processing ASh cahbe’ Senty CompaiigFigs: ~*
£he 28 ANA.96, power.spectiym,peaks are ablaingd cgntered gn {%f&;i]‘%'l%%_ ed

points near the X-axis and near the Y-axis in the same way as when
bef pedarning theifferentiationpracessing.avendfabsolutevalg a ined
processing alone is performed. Fig. 59 describes operations in a case
basefigeneratiag tivdiag polselsigndls bypabselutd valueprocessimgalongross
according to the fifth modification such as described above, by illustrating

PO e {FAVERMNEYT t1é BefSor Bufputimabe R-diredtBA timiig phfsd™ = +on -
soefiaat tiecln ik sunsh el ke dlepioien o
processing unit 46x and Y zero cross line extraction
processing unit 46y start zero cross point extraction based
on the position information identified at the above-
described positioning unit.
Third Modification

Next, a third modification will be described. In the
description given above, an example has been illustrated
wherein, at the time of performing a search for the peak
portion from the analysis results of the two-dimensional FFT,
the X-clock signal component processing unit 43x and the Y-
clock signal compconent processing unit 43y each perform peak
searching independently, but an arrangement may be made
wherein, at the time of searching for X-direction and Y-
direction peaks, the X-direction and Y-direction peak search

may be performed comprehensively based on the respective
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S0O9P0963 with the case in Fig. 34, Fig. 59 cross-cuts the waveforms of
the signals (the two-dimensional images) so as to be illustrated as
one-dimensional signals, with the horizontal axis representing the X axis,
and the vertical axis representing the grayscale value. While Fig. 598&%3096
illustrates the X direction, the Y direction can be considered in the same
way. First, for absolute value processing, a reference level (zero level)
is predetermined for absolute value processing regarding the sensor

com og}peurg ii_rgag;e (%%[Jijﬁgy ir?l%%e Eg)llg\évjcn]go%p-scaling), as shown in the

lagram, and timing p%?se S|gn§s aré generated by absolute value

pregessingas shawa.in he diagram dydaking abgolute valuesbased on
this reference level. In this case, the reference level may be a local

mod aferageivalugcorimaybea centéer value between adogat minisaum @mnd
maximum. The waveform of clock signals obtained by performing

Not s ifirhenSioRBILPFT bAdiRTfg ptise dighais obtaiRsd By this @bRoftite L 0cx

. _value processing and performing peak searching, clock signal component
Slg%?(?act%nrf Gnd i FF“T“?%%ecitﬂusﬁ?a 8% b?/l}ﬁi Bﬁgiregct%%oc?c}){cksﬁaﬁgg before
comﬁ%ﬂ'é%@'%e@ﬁ%&?”ﬁéﬁ Ira@e;dmwg@gﬁeé@re&gg@othgﬂv%@m_earsency

unlike the case in Fig. 34 described earlier, the optimal sample position is
axida pgositivedpdaakepasitian;: Accoedifgly, the phase has to be delayed to

adjust the 50980963 optimal sample position to the positive zero cross .

pd&RionY R conSegudr it ih thidtade e phasé s stiffed nétby 22 * 5:2
o1 xiferentiation but by Integration, Specifically the [maginary numper the,

in the frequenty region’is multiplied by

3

clock &gnaﬁ%%?nponenf extracte

c1odhe maginary;numbersjo such-that the gptimal saipple positiondsat the =
positive zero cross position.

fx = fy = 512, and although these is some effect of minute

filuctuation of the image, the ncormal vector of the wavefront

of the plane waves thereof are in an approximately

orthogonal relaticon.

Accordingly, we can apply a binding condition which -
says that "the X-direction clock and Y~direction clock have
the same freguency and the wave directions are orthogonal®,
and perform comprehensive power spectrum evaluaticn for each
set of points within the X-direction search range and points
within the Y-direction search range which satisfy the
binding condition, so as to obtain the points which yield
the greatest evaluation value as the peak in the X-direction
gsearch range and the peak in the Y-direction search range.

Specifically, the sum, product, and so forth of the

power spectrum are calculated as evaluation values for each
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In order to realize the operations of such a fifth modification, in the
configuration shown in Fig. 54 the Sobel operator processing unit 50 is
replaced with an absolute value processing unit for performing absolute

value processing on image signals following equalization processingS¢9F0963
(u-scaled image signals) from the equalizing filter 22. The subsequent
configuration may be the same as that shown in Fig. 54, but the

processing by the X-phase shift processing unit 44x and 1-phase shift
processing unit 44y differs. That is to say, at the X-phase shift processin

ST URit 49% 1 this €aSé the X8I0tk ‘éi‘g%%%&u%’ﬁoﬁ%ﬁf&ﬁiafﬁ%ﬂ%%sﬁ%gnﬁ%%“t s
wi altinlicd by the Xcdiregt on angular frequency, -jox,indhe X;diregtion such

that the positive zero cross position of the waveform followingIFFT is at
bindligeptivaksample position: Also: ahthenk+phase shiftprocessing upi 44x

in this case, the 1-clock signal component obtained upstream is multiplied
valpg the 1cditectionangalak fiegtieddy §whin theckdikectiol sicH tlattheon

SO9P0963 positive zero cross position of the waveform following IFFT is
P2kt the optimal sample position. Sixth Modification ~ The sixth

modificatignipvalyes handling the up-scaled image as iming pulses, st , .
is, without performing any explicit non-linear signal processing (processing
is suehas pedormingdiferentiatien and taking abselyte-values)fostiming on
pulse signal generation. With the description so far, regarding X-direction
in ahd Ydipectibnidingpuse signalst terX-direction and Me-direstiohédgede
are enhanced by performing absolute value processing (non-linear

relaiocesing) i &-3alkd fhages. Fowevet: clotk styaf éomponsat ©
£21 EXtragtio o%%ﬁ%% ngfo‘&rﬁéd #éig@sthsﬁat%@%n-ﬁee%@xM)fe%y%%@ve
even without performing such explicit édge enhiancing processing.
are taken as tentative peaks, and a more detailed peak
search is performed independently for the X direction and Y
direction again, within a narrower range set with the
tentative peak positions as a reference, thereby cobtaining
the final peaks within the X-direction search range and Y-
direction search range.

With such a technigue, a search i1s first performed with
an orthogonal relaticn as a condition, so detection can be
performed without being confused by surrounding great false
components which might be the above-described tentative
peaks. Thereupon, a detailed search is performed based on
the tentative peak position, thereby further improving the
peak detection precision.

Now, & configuration for the above peak detecticn can

be realirzed as follows. First, an crder for detecting power



For example, the recording/reproducing system has electrically non-linear
input/output properties, such as the y properties of two-dimensional
photoreceptor devices for example, so clock signal components can be
extracted by performing frequency analysis of the read signals as th%@gpO 563
are, as well. Note that the term "non-linearity" as used here is different
from non-linearity in the sense that phase information recorded in a
hologram recording medium HM is not able to be reproduced. Figs. 60
and 61 illystrate analysis results of SO9P0963 performing an up-scaled
specﬁ%gagsﬁo f‘v@o-%ﬁﬁgrgs%ﬁ}glila—;legg [ e?s?.aﬁg.’ 60 ﬁl%%trgt%%aa%%n zcagged view
comOf RERrhy & reference paintnear the Xaxis:(igs,near 1he X-clack sigpah ge
component), and Fig. 61 illustrates an enlarged view of nearby a
and refeggnce-paintneardhelY axis {rearthe Ytglbok signal ebmpenénthdt.can
be seen from these drawings that in the case of performing .
congié-dimensidhal PET bA%A G-38aled FPage aRNitisPVarststypes BRpit 43x
frequency components are include reflecting the reproduced image, and, .
an% 1Here Jac?éxfne?ﬁﬁ Sgiscﬁr%ggﬁt? IIq-l%V\]/Oe]ih/%?,eus|c%cfﬁn§ osﬁ%l rlobstiea?\yat%%%beac%he et

 he SEE.HRAt the clack signal componepts,of each.arepresent in the, pesitions,

where they belong, however weak. From these results, we can see
the thatie arcasedvheredhe peaksearchrrangé canderestricted tphan

extremely narrow range, the clock signals components can be extracted.
COMRR BRAMPIS (R A TH3E \WHETEM the systent dBsih tai’sé made vekply

strict, and the amount of fluctuation is Ve?’ small, the gggké se%rchnra@%

PZOYaBo Aatrowets dowh. ACKSIaly, e tecniie S tHe Sixth®

S ua
ecnnique accord‘lng 0 Ine SIX

has&hadiment can be suitably applied,in a case where, such.conditions-are,eq

satisfied. To realize the sixth modification as such, an arrangement may
as bednadewhereinthe canfigurator:mikign54 has the Sobeheperatortest

processing unit 50 omitted, such that the image following equalization

eva prodessingvthe at the end is obtained as the X-direction
peak and Y-direction peak.
Fourth Modification

2 fourth modification adds improvisations to the
differentiaticn processing. With the description so far,
the differentiation processing is performed by branching the
up-scaled image into X-direction differentiation and Y-
direction differentiation to obtain images as independent
timing pulse signals, but the X-direction differentiation
and Y-direction differentiation can be performed at the same
time on a common image following up-scaling.

Fig. 54 illustrates the internal configuration of the

data reproducing unit 13 for realizing the fourth embodiment.

Note that in Fig. 54, only the equalizing filter 22,



SO9P0963 equalizing filter 22 (i.e., an image equivalent to an up-scaled
image) is subjected without change to two-dimensional FFT. Seventh
Modification ~ As can be understood from the description so far, at the

time of extracting clock signal components, two-dimensional FFT is S09P0963
performed, and this two-dimensional EFT can be realized by repeating
one-dimensional FFT in the row and column directions. This technique is

also called matrix decomposition. Fig. 62 schematically illustrates a two-

res Jimensional EET teehnidue using matrx decomposiion first, o
one-dimensional Tigpgﬁor ed'fdr eac rowm?he%&lrec%ibn, and

symkE‘@i‘_Lé)}E‘;@iQi@@Qﬁ@n@hEETé% pﬁg%“%%g}[ e@%vﬁ@!urﬂﬂ*&n @?e other
Y-direction. The order of the calculation amount of one-dimensional

conFiRJuisaNlagN). Withhiermal enateix facterizationg: ong-dimensibBakEET ishe
performed N times for rows and N times for columns, meaning that a total
samef PN fifhéS of Hfie-dfi8nSiIBNAIEFT iperfotmet 88 tié brdetof the: 150,

oz Coloulation amountof twp-dimensional FET i, 2NZLog(N), . Howeyer, the
P objec? here is e%dractlng ¢loe componenfs, and we can consider ﬁ(flo b

re £ SHHICIENt {0 Obtaln analysisdesults,aldhe search range ol clacks signalt
components. Accordingly, one-dimensional FFT is performed within a
num&elevantzange derconly oherof XadirectionwandLY direstianed .

In this case, the X-directional differentiation
processing unit 40x, Y~directicnal differentiation
processing unit 40y, X absolute value processing unit 41x, ¥
absolute value processing unit 4ly, X-FPFT processing unit
42%, and Y-FFT processing unit 42y are omitted, and instead
a Sobel operator processing unit 50 and FFT processing unit
51 are provided.

The Sobel operator processing unit 50 performs Sobel
operator processing on the image signals from the egualizing
filter 22. The Schel operator processing 1s processing
equivalent to simultaneously performing the X-direction
differentiation processing and Y-direction differentiation
prceccessing described above. Also, the Sobel cperator
processing also includes processing equivalent to the
absolute value processing. Note that Sobel operators are
discussed in "Gazo Ninghiki-ron" by Makoto Nagao, Published
by CORCNA PUBLISHING CO.,LTD., first printing February 15,

1983,
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SO9P0963 as shown in Figs. 63R and 638.  Fig. 63A illustrates the

search range of the X-clock signal component and the search range of the
Y-clock signal component, and the analysis results used for extraction of
clock signal components is only these portions. Accordingly, an 2P0363
arrangement is made as shown in Fig. 638 wherein, following performing
one-dimensional FFT for each row in the X direction for example,
one-dimensional FFT is performed only for the columns in the Y direction

ingluding each search range. =~ .For example, if we say.that each.search
P X I8 h , . h 1c I
NG s 59661 e rSprOCAl iBge Width, (e search Fainges ars the two

ope Pf ¥and, Yo whichiis J0% of the enfiretys meaning thabthesn see that an
one-dimensional PET for each column is reduced to 10%. However, the

imagaesdimensional EETdrdsiiodre ferferined-for alt cows, socthesoveralivhere
calculation amount is 50% + 50% x 10% = 55%. In terms of order, the

- d gt OF cBRERE of €an belfetiiced 18 afstiHRhalf Ve RSERHEERTE -

. sort of reduction should he.able to be performed regardin .
T e B oA o oes

of galeulationiamount, butthis;has already. been markedly reduced byithe: » ¢

FFT algorithm, so further marked reduction in calculation amount is
pul giffiedltyHawevdrpam atrangement Ataysbeimateasherérronly thee FET
portions relating to the intended clock signal components
processing unit 51 shown in Fig. 34 performs two-dimensional
FFT processing con the processing results by the Sobel
operator processing unit 50 which are eguivalent to such a
shared image being subjected to simultaneous X-direction
differentiation and Y-direction differentiation (and
absclute value processing).

Fig. 56 1llustrates the results of analysis where two-
dimensional FFT has been performed on the Sobel operator
processing results shown in Fig. 55. It can be seen that by
performing two-dimensional FFT on the Scbel operator
processing results, peaks clearly exist at pesitions
predicted from the design thereof, near the X-axis and neax
the Y-axis on the same Fourier plane. Accordingly, we can
understand that the X-direction clock signal components and
Y-direction clock signal components can be extracted without
problem from the analysis results whérein two-dimensicnal

FFT has been performed on the Sobel operator processing

results.
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S0930963 are calculated near the final stage within the FFT processing
unit, whereby substantial reduction in calculation amount can be realized.
Also, this can be applied to this rows, the same can be further applied to
the columns, reducing the amount of calculation accordingly even furthef 263
Also, description has been made above assuming that one-dimensional
FFT is performed on rows first and then one-dimensional EFT is
performed on columns, but the amount of calculation can be reduced
based_on the_same jdea even if the order is inverted. __ Also, the .
(bt miAE Bsaring (o the Saveht<rmduitbaiion Fay BEapeid 5 6aads
uni Of emplayiag anather Eogmgﬁggngeﬂﬁ dechnique-othet than FRT.; such:as
DFT, for example. It should be noted that in the present Specification, the
per fernn"tvadimensioriad Boutierttansfarm” edilectively inclutdesithege near
technique of Fourier transform according to the seventh modification and
the nérEly: pafermied Be- dirrensioRdFF T 0Sing ndatig debempbaifionoeen

g tAIso., it shquld.be r}é)ted thaL"Fourj&r transf%tr)gbn" as used PFLetre isnot .
** e8ibfed tBTRE Bkempiarily MOStrated FET, bUT rath&Findiudes™ =+ 7

twoDU?%@H@@%@Q?hﬁﬁﬁmﬁ§g4ﬁ§g§3%%&%@%@QeﬂﬂukﬁgTé@%éqe%perator

methods for calculating OFT accor to definition, methods for
prodesemposingdntofrequencycompositianewitlya fitteobarls configuratiors 1 .
and all other SO9P0963 techniques performing frequency analysis.
Subseguent processing is the same as that described above,
and accordingly description therecf will be omitted.
According to the fourth modification, the two-
dimensional FFT processing for clcock extraction can be
reduced from twice to one time, which is advantageous in
that the calculation amount can be markedly reduced. Also,
while the technigue according to the fourth modification
increases the factor of mutual signal interference in the X
direction and Y direction, it should be noted that tTiming
pulse signals are basically in an orthogonal positional
relation, so there shculd be no problem overall.
Fifth Medification
Description has been made sc far that timing pulse
signal generatiocn involves both differentiation processing
and non-linear processing (absolute value processing), but
timing pulse signals can be generated by performing only

non-linear processing, without performing the

differentiation processing. Performing the differentiation
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Other Modifications  Note that with the description so far, the

processing of up-scaling and differentiation has been described in

separate steps, but this is only consideration to facilitate description of
algorithms, and is not restricted to this. For example a part of the SC09P0963
described algorithm can be performed with further educed calculation

amount in the frequency region. Techniques enabling reduced calculation
amount should be appropriately selected for the actual system regarding

thi int.  Specifically, the differentiati ing, f d
PO ety ey FeGIOR U THE iferentation procesaing KA Tnaariter art

mordS tepresented by a convolition pperatoL Canvolution aperators aie. <1 ook
equivalent to obtaining a product for everyfrequency componeént in the
comfregeengy egion, and:tbe ameuntof calcuiationds nehgreakasavisely
recognized. Also, the differentiation processing can be convoluted to
s 1gpeginiwity alse Feduting-the dheamtsafealdidation Mioteover? it ¢ widely
recognized that up-scaling processing can be performed in the frequegc};ly
S2P G0N b eXpahbmgthe Cize dnd'fiffifig WithZerdés. * “Combiting the ™
1ma G004S, RElforiNng, calculatians betarenand which.cane perfarmed,
eforehand, and performing computation in the frequency region, further
ext feducesithe 9990963 amount-of catculation: Aote, hovreyeghatin the
case that the number of taps of the filter is small, there are cases that
desgoaveldtiePictheactgalamade regionimay rastitinacsmalle? asolrt bra
calculation, so the more suitable should be selected. Also, with the

¢ imﬂ%@cﬁ’ﬁﬁ]o%esosﬂa‘?f_’ At'tfie %Hmé“éﬁ’eﬁr%cﬁﬂ@"tﬂé cfotk s%%?ééﬁb%ﬁeﬁrl&ne '
the-frequency, reglon. a predetermined tange near the, X axis issearghed, . ;.

for X Tlock signals and a predetermined range near the Y axis is searched
has foreé glogkisignalsgo as ta extract-the £lockisigrals.dautdhis is just to say.

that this arrangement should be performed in the case that the X axis and
Al sy, adid of theSSLM14: ad theeinddeesensor 1l isgreesifl iesreddtiorvin-

respective coordinate systems can be found beforehand regarding

AiMESaGH Bhgle"and EflargemartIac Ghd ¥ BrnABASed b sysiert
oo 8280001 obeyaling sfale, asulabie list pIEdeleIiRgd (Anogand secand

predetermined range can be deterniined for extra e clock signal
pow€0MPenents Accordingly:se aste perferm peaksearching en these ce

ranges to extract the clock signals.
points near the X-axis and near the Y-axils in the same way
as when performing the differentiation processing, even if
absolute value processing alone is performed.

Fig. 59 describes operations in a case of generating
timing pulse signals by absolute value processing alone
according to the fifth modification such as described abkove,
by illustrating the waveforms of the sensor output image, X-
direction timing pulse signals, X-direction clock signals
before X-direction differentiation, and X~direction clock

signals after X-direction differentiation. Note that as



Also, with the description so far, both the positive and negative edges of

the differentiation processing results have been described as being used

for timing pulse signals by performing absolute value processing, but clock
extraction can be performed by one of the edges as well. SO9P0963C2PU 363
Specifically, processing is performed wherein no absolute value

processing is performed, just one of the positive and negative edges is

kept from the differentiation results, and the other is set to O. While

. clocks can be extracted with this technigque as Weﬁ, the advantage of .
it R e Diaig an houbics eiine otie bRl A e s

of ehsolutevalue preeessingwillhe.lost That isito.says if absolyte valuge
processing is performed, the clock signals are extracted so as to fit both

i11the-pesitive asd negativenedges;selpasitipnal ientificationrecanee- i zontal
performed in a precise manner with offset and deviation of the positive

axiangdeerative bdge positiols aling beeh carcelled bt withthé Sample

positions not leaning toward one or the other, hut the above technique
ren fRRE L e oS ARE PO Sbsoldtd baltecocsm e Y

i11@dyantageous, in that;the.amount of.edgeinfprmation is,relatively.doubled,

Is the intensity of clock signal components increases, thereby improving
conH1e1SMN sation Moereovemd sheuld be noted that absolute value processing

as used here includes all processing equivalent to performing absolute

valliecprocegsing asiichlas: squiaringtand 6 forthl Modificatiohs ot flse level

Embodiments, While embodiments of the invention haye been

(22 fRsdribit: the Fedeht fHveRfi & ot 18Sr R (0 thE exampled 055408

regarding the sensor output image (actually image following
up-scaling), as shown in the diagram, and timing pulse
signals are generated by absolute value processing as shown
in the diagram by taking absolute values based on this
reference level. In this case, the reference level may be a
local average value, or may be a center value between a
local minimum and maximum.

The waveform of clock signals cobtained by performing
two-dimensional FFT on timing pulse signals obtained by this
absclute value processing and performing peak searching,
clock signal component extraction, and IFFT, are illustrated
by the X~-direction clock signals before X-directiocn
differentiation in the drawing. Referencing the waveform
here, unlike the case in Fig. 34 described earlier, the
optimal sample position is a positive peak position.

Accordingly, the phase has to be delayved to adjust the
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S0O9P0963 described so far. For example, with the first embodiment,
an example has been described regarding a case of detecting individual
syncs following detecting the sync at the page center, but an arrangement
may be made wherein such detection of the page center position is A F0963
performed and individual syncs are detected. However, it should be noted
that performing detection of the page center position beforehand enables
the search range to be reduced at the time of detecting the individual
. Syncs. Fgr examE]Ce, Withttheif_ik[lst embadiment, an example has be)etn,
CP- Hescrived’ Peg%ré)lﬁa A case witerein, at the timé of Zd%%éjctfﬁﬁ?ﬁ&vi%ﬂgﬁ HOHy
and SYRGS, &£105s-shaped pattern ofve synes cenfered: an the ebiegt sync and
including the vertically and horizontally adjacent syncs is the basic pattern,
dif batthetdumbemnof:syncs andribe patiervitherecfusedat dhe tipe afhe
detecting individual syncs using multiple syncs can be optionally set.
imagigresver: While antéaniple has beehadeseribed regardingta egsed in the
wherein the object sync is_inc¢luded in plurality of syncs used for detectingm

£ GRAC v afanderient WAy bE i Wherdir mdifisle SbimouRdESyne
sucesides the obisct sync are.ysed fodetect i object syne. lnany o

case, any arrangement regarding sync detection according to the first

zer@mhosimeptwhichenables detection of SO9P0963
In order to realize the operations of such a fifth

medification, in the configuration shown in Fig. 54 the
Sobel operator processing unit 50 is replaced with an
absolute value preocessing unit for performing absclute value
processing on image signals following equalization
processing (u-scaled image signals) from the equalizing
filter 22. The subsequent configuration may be the same as
that- shown in Fig. 54, but the prccessing by the X-phase
shift processing unit 44x and Y-phase shift processing unit
44y differs. That is to say, at the X-phase shift
processing unit 44x in this case, the X-clock signal
component cobtained upstream is multiplied by the X-~direction
angular frequency -Jo, in the X direction such that the
positive zero cross position of the waveform following IFFT
is at the optimal sample position. Also, at the Y-phase
shift processing unit 44x in this case, the Y-clock signal
component obtained upstream is multiplied by the Y~direction

angular frequency -Jjmy, in the Y direction such that the
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the object sync based on the position of multiple syncs selected based on
the position of the object sync can suppress deterioration in sync position
detection precision due to a lower ratio of syncs. Also, description has
been made regarding the first embodiment wherein, at the time of S09P0963
identifying (calculating) the position of data pixels, extrapolation of syncs
is performed such that all data pixels positions within the page are
surrounded by syncs from four directions, but the position of the data
pixels can be calculated without perfarming such extrapolation of syncs
205 111115 cS in (H SRt tRat & SnE at of ahy B of e fodr poSinons 1 F”
is SsHrropndipgithe, object data.pixelis missing, the position of the object data
pixel can be calculated based on the syncs which do exist for example.
31 xAlterratively; atteelinique can be employed wherein the position of the
data pixel is calculated based on just the sync position closets to the
objBct data pixelrpasifienat 1 Kise, Wiilevg eade has been Exeniphariya led
described wherein multiple s ncs are used for calculating such data pixel

12 Gpsitions, At AifaRGement miaybe made Whetdih the position of thé dita
exp Pixel Is calculated.with one sync as atelerence, @swith the related ait. ,

For example, the position of a data pixel can be calculated based on the
per Onensyne Whict isrthetclesest to thesobjectidata pixet pasiiona SQIHP0963r
Also, it holds true for all of the embodiments that the format exemplarily
timjustratebaboveds dhlyieHe 8rarmple: and iti§ neédlesds frsaypthpn so far,
arjous pﬁa{r_aéneters, such as the mjnimum laying increment, the radius
e

* eg%‘/ 4 thhe Sigh&ight aré A2; e Sy intehvals T-shér e Tynd size =/

the 3d50,J00h, can be selected as syitable in accordance with actual

embodiments. Also, with the embodimeénts, a case has been

per £xemplarily blustrated wherein, it the=timerof obtainingthe Hit vatuesfeemng )
the amplitude values of pixels calculated (obtained) at the end by

of tasarmplirtr@.ecdht e e of pErforiig datacck signal component

extracticn can be performed using the latent non-linearity
in the system, even without performing such explicit edge
enhancing processing.

For example, the recording/reproducing system has
electrically non-linear input/output properties, such as the
v properties of two-dimensional photcrecepteor devices for
example, so clock signal components can be extracted by
performing freguency analysis of the read signals as they
are, as well., Note that the term "non-linearity™ as used
here is different from non-linearity in the sense that phase
information recorded in a hologram recording medium HM i1s
not able to be reproduced.

Figs. 60 and 61 illustrate analysis results of



distinguishing), but the present invention can be applied to cases of code
other than sparse code as well, in which case a decoding (data
distinguishing) method corresponding to the encoding used should be
employed instead of sort coding. Note that the decoding is commoniif that” 3
the amplitude values obtained for each resampling position with the
technique according to the present embodiment are used. Also, in the
event that sparse coding is used, an arrangement may be performed for a
orrelation detection method, wherein correlation calculation s orme
= EORL 0 (7 2B Jales SEBachior th PGt ot By bawah
is. obtaiged by resampling, and alldatanattems obtainedas,having ogcurred
as data patterns for one symbol (represented in amplitude values), that
refaetectingitheédata SOIROG6 X pattern With the, gneatest tbrelatiohvalue
as the data pattern of that symbol. Also, while description has been
s 1OTAddE FEPEIRTG the eRfBddimentstsstiming that tpSscling ptéceiingiis =
erfarmed regarding the readout image, up-scaling processing does not
of rﬁ%%k%g be pr;&lrfog?r%e Sh p%cr)tfcrb#ariﬁﬁ Ae é\ggnt%hg t%% nunrrgft?égr o%p?xe s of
c1odhe image sepsorllisisufficiently great as campared-tothernumberaf, i ngs
pixels of the SLM 4 and the over-sampling rate is sufficiently great, for
thatexampie.e cfdso,avhilecdeseription has bednmeade. regatdifi§then an up-~
embodiments of a case wherein the present invention is applied to a
scakacorditfrepidducing devide capaile bf bdth fetofdifig aRadT¥prodiemige S
the present invention can be applied to a reproducing device, capahle of at
e |42 reprOtEnGCC - Ao RIS SRCH BTN has Bac made reparding’*
man$neeqbodiments.exemplarily dlustrating @ case0f coniespeRding 2.2 e
reflective hologram recording medium HM having a reflective film, the
can presentiiavention cahaiso be suitableapptied ta reprédecing devieepresent
corresponding to transmissive hologram recording media not having a
in ‘bfledtive fihCATeprotiting dalidEihca Base 6t Raifdlingstieh
trgnsmissi,ve hologram. recording media does not have to have the, . ., _
p AfiZation Bea %Sﬁt%e“r%' (ahd aiso' quiarter Wave :bfétea Qf?o“o’r guu:]illné: e

peaFeROduced image optained.as reflected ight - o an extremely narrow

range, the clock signals components can be extracted. For
example, in a case wherein the system design can be made
very strict, and the amount of fluctuation 1s very small,
the peak search range can be narrowed down. Accordingly,
the technigue according to the sixth embodiment can be
suitably applied in a case where such conditions are
satisfied.

To realize the sixth modification as such, an
arrangement may be made wherein the configuration in Fig. 54
has the Sobel operator processing unit 50 omitted, such that

the image following equalization processing at the
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S0O9P0963 corresponding to the irradiated reference light to the image
sensor. In this case, the reproduced image obtained in accordance with
the irradiated reference light transmits through the recoding medium itself,
so a configuration can be made wherein another object lens is provi@@&PO 063
on the other side of the hologram recording medium as viewed from the
emission point side of the laser beam, so as to guide the reproduced
image which is the transmitted light, to the image sensor 11 side via this
onect Iens.f . ltAlso glhi!e description.has been mgdelreg rd%ng the
I embodients exeerrnglariIyllIlu@s’u’ati‘%rgjl alénaas%eofee%ﬁlgﬁin% the coaxial ¥
scaaethod inwhicharecording.is-performed with.the referepce Jjghtand signal, . 1
light disposed on the same axis, the present.embodiment can be suitably
FFT applied to a case of employing the so-called double-beam method
wherein the signal light and reference light are separately irradiated at the
Sevenidlofteddiding t 10 the case of employing the double-beam method,
thﬁ referenl\jPe quﬁ?t nd signal light are cast gnto the holog}ram recordin
mediunfEM from diftérent adgles At th ﬁm%eosf%égr%f‘n%, bt at the‘tire
- he Of feproducing, readout is performped with, goherent light coaxially, situated
with the reference light, which is the same as with the above
dimemiedimentsiThatisde sayrindhe case of thesdeubledbeasnmethed, imeT
the event of a device configuration wherein both SO9P0963 recording
can gdpd reprodueiig IS enabRePds With the rebording/reprotuting devidde row
according to. the embodiments, this arrangement differs from t saown in .
@nd i YTHNar & S6¢ OFA first Iadbr Hiode 1or beHaratinig Sigital RGRCfor 1%
aecdgeyding:and a fiest SLM capable-of intensity/phase meddlation..and,a set
of a second laser diode for generating reference and a second SLM
dim€apable=0f itensityiphasegnedulation; ate separately provided.iand. First,
further the optical system is altered so as to guide the signal light and
one referencellight geheratéd areadvionge Hotegraatrecoiding medigm+M
at different angles. However, with regard to reproducing along this('is t Oer
n

AL S G Confifarattrras with the SMBOUTBALS if that réfersice ight
cacgobgrent light are,generated coaxially using the SLM for generating the

reference light. Also, as can be understood from the above description, in
thecase of ardeyicecconfiguration-dedieates da repredueingaimensional
configuration the same as the
FFT is Nelog(N). With normal matrix factorization, one-
dimensional FFT is performed N Times for rows and N tTimes
for ceclumns, meaning that a total of ZN times of one-
dimensional F¥T is performed, so the order of the
calculation amount of two-dimensional FFT is 2N Log(N).
However, the obiect here 1s extracting clock components,
and we can consider it to be sufficient to obtain analysis
results at the search range of clocks signal components.

Accordingly, one-dimensicnal FFT is performed within a

relevant range for only one of X-direction and Y-direction,
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configuration of the reproducing system shown in Fig. 1 is sufficient.
Also, while description has been made regarding the embodiments that a
liquid crystal panel capable of variable intensity modulation in accordance
with the driving voltage level is used for the intensity modulating devi¢e? iy 963
a case of setting the intensity of addition as coherent light to 1.0 for
example, simple on/off control of the light would be SO9P0963 sufficient.
In this case, a DMD (Digital Micromirror Device) can be used as the
intensity, modulating ice. Als reflective type liquid crystal panel may
%%Ou%%dlgs t Eéqﬁt'enéjl%}/{ mao%la!%%%"device, instead of the transmissive
type Hguidiystahpane) gxemplagily Wustrated in the.embodiments .1 ;i
Also, while a case of using a transmissive type liquid crystal panel as the
sigphase onqditatot has beeh exemplariy itlustrateddn the: embotinents; gny 1
other device may be used instead as long as capable of variable
compRgHiatingiihe pHasedn icrémentsest pikéls W aecordanceivithdhé on of
drivin voIt?g% level of individual gix Is. . Also, while a case h%s been .
% ' di

cloGsempatiy ilGSFRRATH the embodiments Fherdi 5§k oot caiciation 3V«

an is-periermed as o the.opipytofihejmagg sensor, following avalue is
subtracted from the results thereof corresponding to the addition amount

fol Diwaherent kght thierepy rerroving the eompomert atddedhy-thexeohetentthe
light, the added coherent light component may be removed by filter

X dpEscdssing fop Ferh@aimig DG compoRene ol examhplel Besitlerstichespiicit
sua%tracti n processing. . The present application contains subject

On L kit refated o AT BistibsEd Tn SaRAese oty Pateit ABpIRafch I

sea 0085160661 filed in the Japan Patent Office on June 19, 2008, the entire
content of which is hereby incorporated by

For example, if we say that each search range is 5% of

as

the reproduced image width, the search ranges are the two of
X and Y, which is 10% of the entirety, meaning that the one-
dimensional FET for each column is reduced to 10%. However,
the one-dimensional FEFT has to be performed for all rows, so
the overall calculation amount is 50% + 50% x 10% = 55%. In
terms of order, the amcunt of calculaticn can be reduced to
around half.

Also, tThe same sort of reduction should be abkble to be
performed regarding one-dimensional FEFT for each row, from
the perspective of reduction in calculation amount, but this
has already been markedly reduced by The FFT algorithm, sco
further marked reduction in calculation amount is difficult,
However, an arrangement may be made whersin only the

portions relating tc the intended clock signal components



SO9P0963 reference. It should be understood by those skilled in the

art that various modifications, combinations, sub-combinations and

alterations may occur depending on design requirements and other

factors insofar as they are within the scope of the appended claims BP0 963
equivalents thereof. SO9P0963 WHAT IS CLAIMED IS: 1.A

reproducing device for performing reproduction regarding a hologram
recording medium in which a hologram page is recorded in accordance

axe Wi slgnallght by ntererence between seid.signal iy In which bitdata

is arrayed wit mation ty différence in pixel
prodRfements; and reference lighi,,sald 1eproducing device-comprising:

reference light generating means configured to generate said reference
caldighttoibenircadiated when altaingrgla reproducédsimagenfegardingisaid
hologram page recorded in said hologram recording medium;
applied to this rows, tThe same can be further applied to the
columns, reducing the amount of calculation accordingly even
further.

Also, description has been made above assuming that
cne-dimensional FFT is pericormed con rows first and then cne-
dimensiconal FFT is performed on <olumns, but the amount of
calculation can be reduced based on the same idea even 1if
the order is inverted.

Llso, the technigue according to the seventh
modification may be applied to cases of employing another
Fouriler tTransform technigue other than FFT, such as DFT, for
example. - It should be noted that in the present
Specification, the term "two-dimensional Fourier transform”
collectively includes the technique of Fourier transform
according to the seventh mcdification and normally-perfcormed
two-dimensional FFT using matrix decomposition. Alsc, it
should be noted that "Fourier transform" as used here is not
restricted to the exemplarily illustrated FFT, but rather
includes two~dimensional vector radix FFT, and further
beyond FFT includes methods for calculating DFT according to
definition, methods for decomposing into freguency

compesition with a filter bank configuration, and all other
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coherent light generating means configured to generate coherent light of
which the intensity is greater than the absolute value of the minimum

value of the amplitude of said reproduced image, and the phase becomes

the same phase as the reference phase within said reproduced imagé:>F0263
an image sensor configured to receive an input image in pixel increments

to obtain an image signal; an optical system configured to guide said
reference light to said hologram recording medium, and also guide said

tedrl%plrogg%ed iemaf%%r%bgine&from sna(i:d hglﬁ)g{am ,rgcording medium
according fothe ifradiation of Said referénce Hésﬁt, and said coherent light

othde-saiddmage sensay wherein the SO9P0963 number of pixels of said
image sensor side, and said optical system are adjusted such that an
ovet-sampling ratetrepresenting @ratio regarsking-whether o receivestheng
image of one data pixel worth representing the information of one data bit

of  vyordrwithin Safd fepréddcatiniagetdtthe tegioh v hodanany phelsin
worg:h of said ima%%genso.r side is rfater than at least. one; s

Y ast quare .
SeP56t Caldutating means configurddTo input Arittage sigial obtainéd baséd = ©

desQAilight-recelvng ppetation by said image sepsorto.caljcylalg the sgyare,

root of each value making up said image signal;  removing means
For configired ta remove dife camponentsofsaidcaherentlight frompan

image signal serving as the square root calculation result by said square
perf@g@ggkuﬁﬁﬁ@,ﬁ@éﬁgﬁr reduced calculation amount in the

frequency region. Technigues enabling reduced calculation
amcunt should be appropriately selected for the actual
system regarding this point.

Specifically, the differentiation processing can be
performed in the fregquency region. The differentiation
processing is a linear filter, and i1s represented by a
convoliution operator. Convolution operators are eguivalent
to obtaining a product for every frequency component in the

requency regicon, and the amount of calculation 18 not great,
as widely recognized. Also, the differentiation processing
can be convoluted to begin with, alsc reducing the amount of
calculation. Moreover, it is widely recognized that up-
scaling processing can be performed in the freguency region
by expanding the size and filling with zerces.

Combining the above, performing calculations beforehand
which can be performed beforehand, and performing

computation in the fregquency region, further reduces the
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pixel position identifying means configured to identify the position of each

data pixel included in said reproduced image from an image signal after
removal processing by said removing means; pixel amplitude value
obtaining means configured to obtain the amplitude value at each datg®F0963
pixel position within said image signal based on the information of the

position of each data pixel identified by said pixel position identifying

means; and reproducing means configured to reproduce recorded data

809P0f963 lias1efl on the amﬁlitude value at each %ata pixel %gsition .
S0 Biltaifed Bf% 55id ﬁxéloanmplituaé:(\a/alu%%fﬁgﬁﬁfg means - Dighgase that

the 'ERIRAUGInG device according tg Claim, 1, jwherein said remoying, means, . .
subtract the value corresponding to the intensity of said coherent light
thafroavsaid sauate:raat caleulationresult fo: remavesthercomponenis: ok said o
coherent light. 3. The reproducing device according to Claim 2,
sma yheFeiprsaid feférence ight gérerating tneais anursaid cohéreht lightould
b gegerating means are configured so as to generate said reference light
® SRd%aidEsherent light by employing a common spatial light modulator for

madulating,the,intensity and,phase gf comman. incident light, respectively.
extracting the clock signal component at the frequency
region, a predetermined range nszar the X axis is searched
for X clock signals and a predetermined range near the Y
axls is searched for Y clock signals so as to extract the
clock signals, but this i1s just to say that this arrangement
should be perfcormed in the case that the X axis and Y axis
of the 5IM 4 and the image sensor 11 agree. If the relaticn
in respective coordinate systems can be found beforehand
regarding rotation angle and enlargement ratio and so forth,
based on system design or operating state, a suitable first
predetermined range and second predetermined range can be
determined for extracting the clock signal components
accordingly, sc¢ as to perform peak searching on these ranges
to extract the clock gignals.

Also, with the description so far, both the positive
and negative edges of the differentiation processing results
have been described as being used for timing pulse signals
by performing absclute valus processing, but clock

extraction can be performed by one of the edges as well.
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4. The reproducing device according to Claim 3, wherein said spatial light
modulator is configured by an intensity modulator for subjecting incident

light to spatial light intensity modulation according to pixel increments, and

a phase modulator for subjecting said incident light to spatial phaseS09F0963
modulation according to pixel increments being combined integrally.
SO9P0963 5. The reproducing device according to Claim 4, wherein

sync data according to a predetermined data pattern is inserted into a

plurality of predetermined positions within said hglogram ; d
S0 Gitieri sid PR BESITON RIGHTYIG MEHRE Sokrhts ooktion HavRG1 TS

va1:£QMglation with, said predetermined data pattem withingrnimage: signal
after removal processing by said removing means to identify the insertion

negPOsiHONLf agh syng data within saic irgager signak andialso identifyithe and
position of each data pixel based on the position of each sync data

the jdditifiedls =& Thecreproducing device according to Claim 5, wherein, at
the time of identifying the insertion position of each sync data, said pixel

pditortidentiying maand pefdim Hetettiol of Corraiation it ¢acH &yné ©
wel P,atat B%SIEQQ'WQQIEO\@@Q %BIH@“}%)Q_LIS%&%% §§l§§%%d ‘A’HB ﬂﬁ%cr}l?t ive

insertion position of sync data to be identified as a reference, integra
edgavithinsapredetermined Jange withine saifl image sigial,:and-as agesult

thereof, identify a position identified as having the greatest correlation as
proghe insettionipdsition ebsyinc dataat & The reproducihgdeviceite value

according to Claim 6, further comprising: . .
processing is performed, the clock signals are extracted so
as to fit both the positive and negative edges, so
positional identification can be performed in a precise
manner with offset and deviation of the positive and
negative edge positions having been cancelled out, with the
sample positions not leaning toward one or the cother, but
the above technique lacks this precision. Alsco, performing
absolute value processing is advantageous 1n that the amount
of edge information is relatively doubled, is the intensity
of clock signal components increases, thereby improving the
S/N ratio. Moreover, it should ke noted that absolute value
processing as used here includes all processing equivalent
to performing absolute value processing, such as sguaring
and so forth.
Modifications of the Embodiments

While embodiments of the invention have been described,

the resent invention is not restricted to the examples
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SO9P0963 sync extrapolating means configured to extrapolate said
sync data such that the positions of all the data pixels included in said
image signal are surrounded with said sync data from four directions.
8. The reproducing device according to Claim 7, wherein said pixel e
position identifying means perform linear interpolation based on the
positions of four pieces of sync data surrounding the position of a data
pixel to be identified, and the position of said data pixel to be identified
which is estimrated from a recorded format to identify the position of said

ck . . : . . .
es‘é‘é%a”ﬁ&eﬁ% be détermined. 9. The reproducing device according to

Claim 8- wherein saigh pixel-apaplitude valug-obiaining-means saleylate has

and obtain the amplitude value of a data pixel position to be processed by
beelinearsinterpelatior employing thecamplitutdecvatusstofrfour positionsia 1

surrounding the data pixel position to be processed. 10. The

S YN Eprodtciny devicea&kdiRg té Chaif A SwRcrelm Sai piel pBSIEBR - but

an entifying means §r£°ém1¢g$%t'f%wf9r°é f{?cgﬁé‘qﬁa OB%(EEE%%%%” based,on
a result of two-dimensional clock information includedin an image signa

pagéftéé%%%@! Pracessing; by said rempeyingmeans heingq SOIR063s ynes
extracted.

are detected. However, it should be noted that performing

09P0963

detection of the page center position beforehand enables the
search range to be reduced at the time of detecting the
individual syncs.

For example, with the first embodiment, an example has
been cdescribed regarding a case wherein, at the Time of
detecting individual syncs, a cross-shaped pattern of five
syncs centered on the object sync and including the
vertically and horizontally adjacent syncs is the basic
pattern, but the number of syncs and the pattern therecof
used at the time of detecting individual syncs using
multiple syncs can be optionally set. Moreover, while an
example has peen described regarding a case wherein the
obiect sync 1s included in plurality of syncs used for
detecting syncs, an arrangement may be made wherein multiple
surrounding syncs besides the object sync are used to detect
the object sync.

In any case, any arrangement regarding svync deltection

according to the first embodiment which enables detection of



11. The reproducing device according to Claim 10, wherein said pixel
position identifying means perform  analysis processing for performing
two-dimensional Fourier transform regarding an image signal after
removal processing by said removing means to perform frequency 802P0963
analysis regarding a plane-wave factor included in said image signal, and
clock information obtaining processing for performing search of the peak
portion of a power spectrum within each of a first predetermined range

the 3 'ae%%c%gfn%r?ggéeé@i%%d sy asJto the analysis results by said.

analysis pracessing to obtain first-direction clock information représenting
se1dbe frequeney phaserand-namaldirestion pka plane-waveidentified

based on the peak portion detected within said first predetermined range,
supandssecontairectien tlock imformation reprédentingathe dregurenpy,phasepn

and normal direction of a plane wave identified based on the peak portion
due detected Within £3id s&cond prédetermined range,  and then identify

thﬁ osition of each.data pixel within said image signal. b: seqkn sai
. . d T 44 i b . L g 8 L % ,!.,%]g t
AR ECOr Kok P RAIO A0 Said SatonG- Ao oIer 2>

embdRfermation,-12- Ihe reproduging-device,according 1o Glaim 1ta1culating)
S0O9P0963 further comprising:

the peosition of data pixels, extrapoclation of syncs 1is

performed such that all data pixels positions within the

page are surrounded by syncs from four directions, but the

position of the data pixels can be calculated without

performing such extrapolation of syncs.

In this case, in the event that & sync at of any one of
the four positions surrounding the object data pixel 1is
missing, the pcesition of the object data pixel can be
calculated based on the syncs which do exist, for example.
Alternatively, a technigue can be employed wherein the
position of the data pixel is calculated based on just the
sync position closets to the cobiect data pixel position.

Also, while a case has been exemplarily described
wherein multiple syncs are used for calculating such data
pixel positions, an arrangement may be made wherein the
position of the data pixel is calculated with one sync as a
reference, as with the related art. For example, the
position of a data pixel can be calculated based on the one

sync which is the closest to the object data pixel position.



differential processing means configured to subject an image signal from
which the components of said coherent light were removed by said

removing means to differential processing; and  non-linear processing
means configured to subject said image signal subjected to the diffeféril 263
processing by said differential processing means to non-linear processing;
wherein, with said analysis processing by said pixel position identifying
means, said image signal after nonlinear processing by said non-linear
processing means is subjected to said two-dimensional Fourier transform.

13 Th repfodifeiitdévicé acording toClaim 12°8%id hohdinear ~7° =he
zorfLacespingneans execute processing.or obtaining e, absalute, vals of

square valte of said image signal as said non-linear processing.

and The repradusinoegevieeraccordingde Glaim d3swpereimsaidpixelpositions
identifying means, as said clock information obtaining processing,
the obtain afirsttdivection twodimensionahelotk image somveattexfintdia redlgnal
~iImage by components based on the peak portion detected within said first
LigbredbtEfminéd rafnde BEMG subjected toinverSeEourtet Transfornt 4% said ¢
S0 Eg%ﬁﬁpggggéiaseiected ag suitable in accordance with
actual embodiments.

Also, with the embodiments, a case has been exemplarily
illustrated wherein, at the ftime of obtaining the bit values
from the amplitude values of pixels calculated (obtained) at
the end by resampling (i.e., at the time of performing data
distinguishing), but the present invention can be applied to
cases of code other than sparse code as well, in which case
a decoding (data distinguishing) method corresponding to the
encoding used should be employed instead of sort coding.
Note that the decoding is common in that the amplitude
values obtained for each resampling position with the
technigue according to the present embodiment are used.

Also, 1in the event that sparse coding is used, an
arrangement may be performed for a correlation detection
method wherein cerrelation calculation is performed between
the amplitude values of each of the pixels of one symbol
worth obtained by resampling, and all data patterns obtained

as having occurred as data patterns for one symbel

{represented in amplitude values), that detecting the data



direction clock information, and obtain a second-direction two-dimensional
clock image converted into a real image by components based on the

peak portion detected within said second predetermined range being
subjected to inverse Fourier transform, as said second-direction clo¢k? 9P0963
information, and also extract a first-direction cycle line which said
first-direction two-dimensional clock image represents, and a

second-direction cycle line which said second-direction two-dimensional

clock image represents to obtain each of grating paints where the

Pt réshclive Bydiefings Tersett, antthen tdettify the Jositfon o edth data

Datpgg}]b%%dtgggh%gggggq of each grating point. 15. The reproducing
©  device according to Claim 14, wherein said pixel position identifying

means; as.said elogk ynfermpatiamobtaining processing-ebtainan gctuak

image obtained by subjecting components including the center component
embofithieepdak portiondetedtéd within-said fitstpredetermimedange randt thered

neighborhood components thereof to inverse Fourier transform, as a

=SS firgtditectidrs wG-OihensioRal Hock Hiaye: and SbBHin G wetad) infage 2ot
e @PIAINGILLY subisling compgnents Inqluding the peniey comronent of the

peak portion detected within'said seconc(ji"pre etermined range, and the

numbeighberhoog: SOIR0963-compenrenis thereof to inverse FOUFCEnt 1y
transform, as a second-direction two-dimensional clock image,

great as compared to the number of pixels of the SLIM 4 and

the over-sampling rate is sufficiently great, for example.

Also, while description has been made regarding the
embodiments of a case wherein the present invention is
applied to a recording/reproducing device capable of both
recording and reproducing, the present invention can be
applied to a reproducing device capable of at least
reproducing.

Also, while description has been made regarding the
embodiments exemplarily i1llustrating a case of corresponding
to a reflective hologram recording medium EM having a
reflective film, the present invention can also be suitable
applied to reproducing devices corresponding to transmissive
hologram recording media not having a reflective film. A
reproducing device in a case of handling such transmissive
hologram recording media does not have to have the
polarization beam splitter 8 (and also guarter wave plate 9}

for guiding the reproduced image obtained as reflected light
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and also extract a first-direction cycle line which said first-direction
two-dimensional clock image represents, and a second-direction cycle line
which said second-direction two-dimensional clock image represents to

obtain each of grating points where the respective cycle lines intersett2F0963
and then determine the position of each data pixel based on the position

of each grating point. 16. The reproducing device according to Claim

15, wherein said differential processing means subject an image signal

from which the components of said coherent light were removed by said

COTIEMBYMY Teandto-&4ch S tSt-diréctioh différential progessing ang® +1ade
sen S§eONd-direction differential processing,s . . and whetein said nonslinear
processing means perform first-direction non-linear processing for
accSubjesting andmage signat afies said firsirdiregtion differantial pracessing
to non-linear processing, and second-direction non-linear processing for
thrgubjectibg andmageérsigne aftersdid secdnd-diregtiowdiffesentialt ion can
processing to non-linear processing; and wherein said pixel position

e Wﬁiﬁfﬁﬁ hiedhs? 4§ Eﬁﬁa@ﬁﬁﬁgtﬁro}p?%%inb?sﬁtﬂggtiéj% S aniffage et
s1aS90al S %ﬁ%%%gggr %9&5@%1 rge%%@f&{a-'iysa(f%%gasiﬁgoﬁn%ﬁ@

image signa afte second-direction non-linear processing by said
emi HONJINEAR Processing means,to said dwolimensienalourter grangtorm o

and as said clock information obtaining processing, obtain said
repfirghdiredtiomepekniformation based ontiseahalydis réslits regardihg the

image signal after saidfirst-direction non-linear processing obtained by

imaggiaiasis proceseihg? aRd obidin S8iFSecondtdirection clock

iniprpation kased Q0 he apalsis resutseaarding dhe Lpage: sighal after

sali irection non-hnear processing obtained by said analysis
emb PHOGRSSING. o x dil Thereproducingrdevice,accordingdo Glaisnt6 owherein ne

a predetermined data pattern determined beforehand as a page sync is
coainsetteddniocshid hologiram pageprding 1s performed with the
reference light and signal light dispcosed on the same axis,
the present embodiment can be suitably applied to a case of
employing the so-called deuble-beam method wherein the
signal light and reference light are separately irradiated
at the time of recording.

In the case of emploving the double-beam method, the
reference light and signal light are cast onto the hclogram
recording medium HM from different angles at the time of
recording, but at the time of reproducing, readout is
performed with coherent light coaxially situated with the
reference light, which is the same as with the above

embodiments. That is to say, in the case cf the double-beam

method, in the event of a device configuraticon wherein both
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and wherein said reproducing means identify the position of each data

pixel on a recorded format based on the result of the search of the

position of said page sync within said image signal based on the

amplitude value of each data pixel obtained by said pixel amplitude Val§&0263

obtaining means, and said predetermined data pattern as a page sync,

and also reproduce recorded data based on the information of the position

of each identified data pixel on a recording format, and the information of

the amplitude SO9P0963 value of each data pixel. . 18. The
TeCPEStoadciAG YebieatLordiRg to BIGRAEE Sfheér8ind plurdfity of said page

recgwgﬁsrl%rozfig %%ddcm ndwherein faiaggr (E’E%di“r%”gc%‘eéﬂ ide‘?{}éiéfdtfﬁ%réts,

positio each data pixel on a recorded format based on t%e result o
thisearchamrthe pluraiitrefRage -syncsias-ansintegral page sync. inl9nat a
The reproducing device according to Claim 18, wherein, with said clock
set inférnaatidhrebtaihing:protessing byrsaid pixek pdsitiors identifying means o x
search of a peak portion to obtain clock information within each of said
recid hrédetefinified Tarige ahY sarPS&thd Predstefminetrange 28ch set

,Wi'th,?uthe clock fegqéjenc¥ in the X directi%n ﬂnd the %Ioclé1 freguency in the.Y,
i i i COT : Iat i
o wgct%o%néacahqestlmgt%d boase?:l osneth%qnumt?‘esreorf pl%e?s ﬁ’] th%r)( g/ﬁ'ggtlon g

refapd-ycdiregtionof a-spafial ight madulatar forsperforaing spatial dight
modulation according to pixel increments at the time of generation of said

modsignal ight, and: theesampling-rate inthecX direstich and Yhdirection atshidcal
image sensor. 20. The reproducing device agcordingﬁto Claim 19, said

SYS bl amphttiteiRiue Bbtaiihg niearsSerftimiintEtpolation 2t and

raference light generated at each to the hologram reccrding
medium HM at different angles. However, with regard to
reproducing along, this is the same configuration as with
the embodiments in that reference light and coherent light
are generated coaxially using the SLM for generating the
reference light. Alsc, as can be understood from the above
degcription, in the case of a device configuration dedicated
to reproducing, a configuration the same as the
configuration of the reproducing system shown in Fig. 1 is
sufficient.

Alsco, while description has bheen made regarding tThe
embodiments that a liguid crystal panel capable of variable
intensity modulation in accordance with the driving voltage
level 1s used for the intensity medulating device, in a case
of setting the intensity of addition as coherent light to

1.0 for example, simple on/off control of the light would be
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S0O9P0963 processing by employing values around the periphery of the
position of the data pixel identified by said pixel position identifying means

to obtain the amplitude value of each data pixel by calculation. 21. The
reproducing device according to Claim 5 or Claim 10, further compriSingF 0263
up-converting means configured to up-convert an image signal from which

the components of said coherent light were removed by said removing

means to a predetermined magnification by linear interpolation. 22. A
reproducing method for performing reproduction regarding a hologram

SuT rdcording meditint i hich Hol6grant page acésiding tosighad fight in
Devy\@éﬁh_ hit data s, arrayed with, the,information, of ight,intensity difference in

pixel increments which Is interfered with reférence light is récorded by
alsemployiag andmage senser fof seceiving pptdaputimage inPixebe used as
increments to obtain an image signal, said reproducing method
the compeisimghtherstepsleft 11 geheratirg, ofisaid referente tight forbgismissive
irradiated when obtaining a reproduced image regarding said hologram
“¥YPPagé Fecotded it Said AtdGrantrectrding ﬁge‘ﬁi&%,lus genefdling’bft e

embSSQE@H gght of which the intensity is greater than the absolute value of
th T

e minimum value of the

Also, while a case of using a transmissive type liguid
crystal panel as the phase modulator has been exemplarily
illusirated in the embodiments, any other device may be used
instead as long as capable of variable modulating the phase
in increments of pixels in accordance with the driving
voltage level of individuzl pixels.

Also, while a case has been exemplarily i1llustrated in
the embodiments wherein sguare root calculation is performed
as to the output of the image sensor, following a value is
subtracted from the results therecf corresponding to the
addition amount of ccherent Iight, thereby removing the
component added by the coherent light, the added coherent
light component may be removed by filter processing for
removing DC components for example, beside such explicit
subtraction processing.

The present application contains subject matter related
to that disclosed in Japanese Priority Patent Application JF
2008-160661 filed in the Japan Patent Office on June 19,

2008, the entire content of which is hereby incorporated by
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S0O9P0963 amplitude of said reproduced image, and the phase becomes
the same phase as the reference phase within said reproduced image;
receiving, from said image sensor, said reproduced image obtained from
said hologram recording medium according to said reference light SC9P0963
generated by said generating of reference light being irradiated, and said
coherent light generated by said generating of coherent light in a state in
which an over-sampling rate representing a ratio regarding whether to
receive the image of one data pixel worth representing the information of

refeh@ta bit worth within said reproduced image at the region of how
many BREIAWORA of SAITAGS SANFOL pide s giepleihan.pl {east one:
inputting of an image signal obtained at said image sensor In said

thateceiving e calsulate the-square reekofieachiwiie making-upsaidimages
signal;  removing of the components of said coherent light from an

and image sighabservirgyas theusqudee eocticalcutatichereslt i saidiinputing s
identifying of the posjtion of each data pixel included in said reproduced

2nd 548 froht Gh Frhage SRfmaFaftérremicval Préedsing By Salf rémdiing®™
the ODIAINING OF the amplitude \@rtée SE{E@ q§%x@§g§%t§p within said
image ! b information of the ifi ac

image signal based on the the position of each data pixel
identified by said



S0920963 identifying; and reproducing of recorded data based on the

amplitude value at each data pixel position obtained by said obtaining.

23. A reproducing device for performing reproduction regarding a

hologram recording mediuwhich a hologram page is recorded in ~ SCIP0263

accordance with signal light, by interference between said signal lightin

which bit data is arrayed with the information of light intensity difference in

pixel increments, and reference light, said reproducing device comprising:
erating unit configured to generate said reference

reference light g
wi %ghg%o ég%#ﬁ(ﬁéte%%vvhen obtaining a reproduced image regarding said
hologram page recorded in said hologram recording medium;

1. A reproducing device for performing reproduction
regarding a holeogram recording medium in which a hologram
page 1is recorded in accordance with signal light, by-
interference betwsen said signal light in which bit data is
arrayed with the information of light intensity difference
in pixel increments, and reference light, sald reproducing
device comprising:

raeference light generating means configured to generate
said reference light to be irradiated when cobtaining a
reproduced image regarding sald hologram page recorded in
said hologram recording medium;

coherent light generating means configured to generate
coherent light of which the intensity i1s greater than the
abscliute value of the minimum valiue of the amplitude of said
reproduced image, and the phase becomes the same phase as
the reference phase within said reproduced image;

an image senscr configured to receive an input image in
pixel increments to obtain an image signal;

an optical syétem configured to guide said reference
light to said hologram recording medium, and also guide said
reproduced image obtained from said hologram recording
medium according to the irradiation o¢f said reference light,

and said coherent light to said image sensor, wherein the
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a coherent light generating unit configured to generate coherent light of

which the intensity is greater than the absolute value of the minimum

value of the amplitude of said reproduced image, and the phase becomes

the same phase as the reference phase within said reproduced imagé} 2P0963
an image sensor configured to receive an input image in pixel increments

to obtain an image signal; an optical system configured to guide said
reference light to said hologram recording medium, and also guide said

reproduced image obtained from said hologram recording SO9P0963
nurkRgidk abésiity B thedkadiaien of SaiTeter8hte lighittdnd 3ary cptical

oherggteligahé to sggdciimsa@&secrﬁ%% wherein_the numbher of pixels of said

=Y Si%ﬁ’glge Sénsorit e, and said op s?gte?ﬁrgﬁ:euggfﬁgtejdnﬁjcﬁat &t an

repP¥el5ampling.rate representing,a ratiosegarding whetherdoyeceive thea ge

image of one data pixel worth representing the information of one data bit
of woihawthin saiderepradiicedipage st the regiah of howanary pixelscf one
worth of said image sensor side is greater than at leas, one;  a square
datppdt EhlcUfeting uhitEdrTighfdditotiRBECaN iftdge SRMAI Bbtainedl Basedon of
h Ii%ht-receiviné:)%%perati%n bg j§,a\id i 1age sensor Eta% calgulat%the.ssquare éootr
“"ot'&ach vaitie nraking uB said ﬁﬁalge sjigngf;9 a‘r%?ﬁov%g unit coﬁﬁ&ur%g
+ halP temave.the components of said coherent light from an image signal
serving as the square root calculation result by said square root

cakulading unitbt calculating means configured to input an

image signal obtained based on light-receiving cperation by
said image sensor to calculate the square root of each value
making up said image signal;

removing means configured to remove the components of
said coherent light from an image signal serving as the
sgquare root calculation result by said sgquare root
caiculating means;

pixel position identifying means configured to identify
the position of each data pixel included in said reproduced
image from an image signal after removal processing by said
removing means;

pixel amplitude value obtaining means configured to
obtain the amplitude value at each data pixel position
within said image signal based on the information of the
position of each data pixel identified by said pixel
positicn identifying means; and

reproducing means configured to reproduce recorded data
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a pixel position identifying unit configured to identify the position of each

data pixel included in said reproduced image from an image signal after
removal processing by said removing unit; a pixel amplitude value
obtaining unit configured to obtain the amplitude value at each data Si%€F0963
position within said image signal based on the information of the position

of each data pixel identified by said pixel SO9P0963 position identifying

unit; and a reproducing unit configured to reproduce recorded data

based on the amplitude value at each data pixel position obtained by said

baﬁﬁﬁd%ﬂnﬁﬁﬁd@@ﬁ%ﬁ?ﬁﬁﬁnW@%ﬁﬁLat each data pixel position

cbtained by said pixel amplitude value obtaining means.

2. The reproducing device according fo Claim 1}
wherein salid removing means subtract the value corresponding
to the intensity of said coherent light from szaid sguare
root calculation result to remove the components of said

coherent light.

3. The reproducing device according to Claim 2,
wherein said reference 1light generating means and said
coherent light generating means are configured so as to
generate sald reference light and said coherent light by
employing a common spatial light modulator for modulating
the intensity and phase of common incident light,

respectively.

4. The reproducing device according to Claim 3,
wherein said spatial light mecdulator is configured by an
intensity modulator for subjecting incident light to spatial
light intensity modulation according to pixel increments,
and a phase modulator for subjecting said incident light to
spatial phase modulation according to pixel increments being

combined integrally.
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5. 'The reproducing device according to Claim 4,
wherein sync data according to a predetermined data pattern
is inserted into a plurality of predetermined positions
within said hologram page;

and wherein said pixel position identifving means
search a position having correlation with said predetermined
data pattern within an image signal after removal processing
by said removing means to identify the insertion position of
each sync data within said image signal, and also identify
the positicn of each data pixel based on the position of

each sync data identified.

§. The reproducing device according to Claim 5,
wherein, at the time of identifving the insertion position
of each sync data, said pixel position identifying means
perform detection of correlation at each sync data position
when moving a plurality of sync data selected with the
insertion pecsition of sync data to be identified as a
reference, integrally within a predetermined range within
said image signal, and as a result therecf, identify a
position identified as having the greatest correlation as

the insertion position of sync data.

7. The reproducing device according to Claim 6,

further comprising:
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S09P0963

sync extrapolating means configured to extrapolate said
sync data such that the positions of all the data pixels
included in sald image signal are surrounded with said sync

data from four directions.

8. The reproducing device according to Claim 7,
wherein saild pixel position identifying means perform linear
interpolation based on the positions of four pieces of sync
data surrounding the position of a data pixel tec be
identified, and the position of said data pixel to be
identified which 1s estimated from a recorded format to

identify the position of said data pixel to be determined.

9. The reproducing device according to Claim 8,
wherein said pixel amplitude value obtaining means calculate
and obtain the amplitude value of a data pixel position to
be processed by linear interpolation employing the amplitude
values of four posgitions surrcunding the data pixel position

Lo be processed.

10. The reproducing device according to Claim 4,
wherein said pixel position identifying means perform
identifying of each data pixel position based on a result of
two-dimensional clock information included in an image

signal after removal processing by said removing means being
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extracted.

11. The reproducing device according to Claim 10,
wherein said pixel position identifying means perform

analysis proéessing for performing two-dimensional
Fourier transform regarding an image signal after removal
processing by saild removing means to perform freguency
analysis regarding a plane-wave factor included in said
image signal, and

clock information obtaining processing for performing
search of the peak portion of a power spectrum within each
of a first predetermined range and a second predetermined
range as to the analysis results by said analysis processing
to obtain first-~direction clock information representing the
frequency, phase, and normal direction of a plane wave
identified based on the peak portion detected within said
first predetermined range, and second—dixection clock
information representing the freguency, phase, and normal
direction of & plane wave identified based on the peak
portion detected within said second predetermined range,

and then identify the position of esach data pixel
within said image signal based on said first-direction clock

information and said second-direction clock information.

12. The reproducing device according to Claim 11,



50920963

further comprising:

differential processing means configured tc subject an
image signal from which the components of said coherent
iight were removed by salid removing means to differential
processing; and

non-linear processing means configured to subject said
image signal subjected to the differential processing by
said differential processing means to non-linear processing;

wherein, with said analysis processing by said pizel
position identifying means, sald image signal after non-
linear processing by said non-linear processing means 1is

subjected to said two-dimensional Feourier transform.

13. The reproducing device according to Claim 12, said
non-linear processing means execute processing for obtaining
the absclute value or sgquare value of said image signal as

said non-linear processing,

14. The reproducing device according to Claim 13,
wherein said pixel position identifying means, as said clock
information obtaining processing,

obtain a first-direction two-dimensional clock image
converted into a real image by components based on the peak
portion detected within said first predetermined range being

subjected to inverse Fourier transform, as said first-
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direction clock information, and obtain a second-direction
two-dimensional clock image converted into a real image by
components based on the peak portion detected within said
second predetermined range being subjected to inverse
Fourier transform, as said second-direction clock
infcrmation,

and also extract a first~direction cycle line which
said first~direction two-dimensiocnal clock image represents,
and a second-~direction cycle line which said second-
direction two-dimensional clock image represents to obtain
each of grating points where the respective cycle lines
intersect, and then identify the position of each data pixel

based on the positiocn of each grating peoint.

15. The reproducing device according to Claim 14,
wherein said pixel position identifying means, as said clock
information obtaining processing,

cbtain an actual Image obtained by subjecting
components including the center component of the peak
portion detected within said first predetermined range, and
the neighborhcood components thereof to inverse Fourier
transform, as a first-direction two-dimensional clock image,
and obtain an actual image obtained by subjecting components
including the center component of the peak portion detected

within said second predetermined range, and the neighborhood
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components thereof to inverse Fouriler transform, as a
second-direction two=-dimensional clock imacge,

and also extract a first-direction cycle line which
said first-direction two-dimensional clock image represents,
and a second-direction cyvcle line which said second-
direction two~dimensional clock image reprassents to obtain
each of grating points where the respective cycle lines
intersect, and then determine the position ¢f each data

pixel based on the pesition of esach grating point.

16. The reproducing device according to Claim 15,
wherein sald differential processing means sublject an image
signal from which the components of said coherent light were
removed by said removing means to each of first-direction
differential processing and second-direction differential
processing,

and wherein said non-linear processing means perform
first-direction non-linear processing for subjecting an
image signal after said first-direction differential
processing to non-linear processing, and second-direction
non—-linear processing for subjecting an image signal after
sald second-direction differential processing to non-linear
processing:;

and wherein said pixel positicn identifying means, as

sald analysis processing, subject each of an image signal
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after said first-direction non-linear processing, and an
image signal after said second-direction non-linear
processing by said non-linear processing means to sald two-
dimensional Fourier transform, and as said clock information
obtaining processing, obtain said first-direction clock
information based on the analysis results regarding the
image signal after saild first-direction non-linear
processing obtained by said analysis processing, and obtain
sald second-direction clock information based on the
analysis results regarding the image signal after said
secend-direction non-linear processing obtained by said

analysis processing.

i7. The reprcducing device according to Claim 16,
wherein a predetermined data pattern determined beforehand
as a page sync lils inserted into said hologram cage;

and wherein said reproducing means identify the
position of each-data pixel on a recorded format based o¢on
the result of the search of the position of said page sync
within said image signal based on the amplitude value of
each data pixel obtained by =aid pixel amplitude value
cbtaining means, and said predetermined data pattern as a
page sync, and also reproduce recorded data based on the
information of the position of each identified data pixel on

a recording format, and the information of the amplitude
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value of each data pixel.

18. The reproducing device according to Claim 17,
wherein a plurality of said page syncs are inserted;

and wherein said reprcducing means identify the
position cof each data pixel on a recorded format based cn
the result of the search with the plurality of page syncs as

an integral page sync.

19. The reproducing device according to Claim 18§,
wherein, with said clock information obtaining processing by
said pixel positicn identifying means, search of a peak
portion to obtain clock information within each of said
first predetermined range and said second predetermined
range each set with the clock freguency in the X directicn
and the clock frequency in the Y direction each estimated
based on the number of pixels in the X direction and Y
direction of a spatial light modulator for performing
spatial light modulation according to pixel increments at
the time of generation of said signal light, and the
sampling rate in the X direction and Y direction at said

image sensor.

20. The reprcoducing device according to Claim 19, said

pixel amplitude value obtaining means perform interpolation
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processing by employing values around the periphery of the
position of the data pixel identified by said pixel position
identifying means to obtain the amplitude value of each data

pixel by calculation.

21. The repreducing device accerding to Claim 5 or
Claim 10, further comprising:

up~converting means cenfigured to up~-convert an image
signal from which the.components of said coherent light were
removed by said removing means tc a predetermined

magnification by linear interpolation.

22, A reproducing method for performing reproduction
regarding a hologram recording medium in which a hologram
page according to signal light in which bit data is arrayed
with the information of light intensity difference in pixel
increments which is interfered with reference light is
recorded by employing an image sensor for receiving an input
image in pixel increments to obtain an image signal, said
reproducing method comprising the steps of:

generating of said reference light to be irradiated
when obtaining a reproduced image regarding said hologram
page recorded in said hologram recording medium;

generating of coherent light of which the intensity is

greater than the absclute value 0f the minimum value of the
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amplitude of said reproduced image, and the phase becomes
the same phase as the reference phase within said reproduced
image;

receiving, from said image sensor, saild reproduced
image obtained from said hologram recording medium according
to said reference light generated by said generating of
reference light being irradiated, and said coherent light
generated by said generating of coherent light in a state in
which an over-sampling rate representing a ratio regarding
whether to receive the image of one data pixel worth
representing the information of one data bit worth within
said reproduced image at the region of how many pixels worth
of séid image sensor side is greater than at least one;

inputting of an image signal obtained at said image
sengor in said receiving to calculate the sguare root of
each value making up said image signal}

removing of the components of saild ccherent light from
an image signal serving as the sguare root calculation
result in said inputting;

identifyving of the position of each data pixel included
in said reproduced image from an image signal after removal
processing by said r@mdving;

obtaining of the amplitude value at each data pixel
positicn within said image signal based on the information

of the position of each data pixel identified by said
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identifying; and
repreducing of recorded data based on the amplitude

value at each data pixel pesition obtained by said obtaining.

23. A reproducing device for performing reproduction
regarding a hologram recording medium in.which a hologram
page is recorded in accordance with signal light, by
interference between said signal light in which bit data is
arrayed with the information of light intensity difference
in pixel increments, and reference light, said reproducing
device comprising:

a reference light generating unit configured to
generate sald reference light to be irradiated when
obtaining a reproduced image regarding said hologram page
recorded in said hologram recording medium;

a coherent light generating unit configured to generate
coherent light of which the intensity is greater than the
absolute value of the minimum value of the amplitude of said
reproduced image, and the phase becomes the same phase as
the reference phase within said reproduced image:;

an image sensor configured to receive an input image in
pixel increments to obtain an image signal:

an coptical system configured to guilde said reference
light to said hologram recording medium, and also guide said

reproduced image obtained from said hologram recording
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medium according to the irradiation of said reference light,
and said coherent light to said image sensor, wherein the
number of pixels of sald image sensor side, and said optical
system are adjusted such that an over-sampling rate
representing a ratio regarding whether to receive the image
of one data pixel worth representing the information of one
data bit worth within said reproduced image at the regicn of
how many pixels wdrth of said image sensor side is greater
than at least one;

a sguare root calculating unit configured to input an
image signal obtained based on light-receiving operatiocn by
said image sensor to calculate the sguare root of each value
making up said image signal;

a removing unit configured to remove the components of
said coherent light from an image signal serving as the
sgquare roof calculation result by saild sguare root
calculating unit;

a pixel position identifying unit configured to
identify the position of each data pixel included in said
reproduced image from an image signal after removal
processing by said removing unit;

a pixel amplitude value obtaining unit confiqured to
obtain the amplitude value at each data pixel position
within said image signal based on the information of the

position of each data pixel identified by said pixel
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pesition identifying unit; and

a reproducing unit configured to reproduce recorded
data based on the amplitude value at each data pixel
position obtained by said pixel amplitude wvalue obtaining

unit.
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