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
recorded 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

Publicatiop,Ne. 2006-40766% and Japanese rpexamined:Raisn

Application Publication No. 2007-79438, there is a hologram
recording/reproducing method wherein recording of data is performed
with the interference fridges between signal light and reference light, and
BACHeRdatd PreeordstEwiRh Wiéi intetference fridges is reproduced by
irradiation of the reference light. As for the hologram
L. retbfdifgfréprodicing fhgthod™ there is a so-called coaxial method

whegein rg%"?:g'”g i3 perfarmed by '3@%}'”%“6 Si%%aJJJ QLa %th&emm

reference‘hg fon the same axis. Recor ing Employing P ase ask Figs

£ 0 r64.:654 2n0rBOB-are-diagrams forrdeseribinga hplegram:cording medium

recording/reproducing technique by employing the coaxial method,
in whergin Ery. 64:ilustrates dgecerding technidue; andeFigs 1654 ands65Ben
illustrate a reproducing technique, Flrst in FI% 64, at the time of R
Ieﬂ%%%ﬂﬁﬁg%ﬁ&ﬁenﬁnd signal light, the method thereof.

Z. Description of the Related Art

For example, such as disclosed in Japanese Unexamined
Fatent Applicaticn Publication Nec. 2006-107¢63, and Japanese
Unexamined Patent Application Publication No. 2007-79%438,
there is a helogram recording/reproducing method wherein
recording of data is performed with the interference fridges
between signal light and reference light, and the data
recorded with the interference fridges is reproduced by
irradiaticon of the references ngqw Bs for the holcgram
recording/reproducing method, there is a so-called coaxilal
method wherein recording is performed by disposing the
signal light and the reference lignht con the same axis.
Recording Employing Phase Mask

Figs. 64, 654, and 65B are diagrams for describing a
hologram recording/reproducing technique by emploving the
coaxlal method, wherein Fig. €4 illustrates a recording

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

[



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 modulator) 101, thereby generating signal light and

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

according to recorded data in pixel increments. Also, the reference light is

tecggn%%aéed by subjecting the incident light to intensity modulation
‘ac&O’rdln‘g to a predetermined pattern. The signal light and reference light

thys generated.af the SLM 101 qre subjected to-spatial phase:incident

modulation by a phase mask 102. As shown in the drawing, according to
1igihe phase anask;182, sorandeom phasé patterads provided te thel signal

light, and a predetermined phase pattern determined beforehand is
intprovided forerafererice igHte Fheteascn Why thereféreifcedightis to as

. . subjected to_phase modulation is, as disclosed in Japanese Unexamine
£ Batehi AgbiCatior Pblication o 2006- 107563, o shable Mitiiex

101 recordingto ahglogram recarding-mediuny, -Descriptionayill be.-made here
for confirmation wherein - 2 muiltiplex recording is to perform recording so

disasteavedap tholegram pages (intremetitsicapable of tecofdimgrataa time

forbﬁxample, a liguid crystal panel or the like.

At this time, the light signal 1s generated by
subjecting the incident ilight to intensity modﬁlation
according to recorded data in pixel increments. Alsc, 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 31LM 101 are subjected to spatial phase modulation by a
phase mask 102. As shown in the drawing, according to the
phase mask 102, a random phase pattern is provided to the
signal light, and a predetermined ﬁhase pattern determined
beforehand 1s provided t£o the reference light.

The reason why the reference light 1s subjected to
phase modulation is, as disclosed in Japanese Unexamined
Patent Application Publicaticn No. 2006-107663, to enable
multiplex recording tce a hologram recording medium.

Description will be made here for confirmation wherein



interference fringes between signal light and reference light), for example,
such as shown in Fig. 66. With the hologram recording/reproducing
method, a hologram page (data) recorded by employing reference light
having a certain phase configuration can be read out only by irradiating
reference light having the same phase configuration at the time of
reproduction. This pointis utilized, i.e., multiplex recording of data is
performed by employing reference light having a different phase

configuration at the time of recording each, the regerence light ac orqj
1€ ame otrecorging eacn. e gilt geeoraing ;
- to %i(%ﬁer’a%? Sﬁa%er goﬁﬁsgurr?ttlf’):)ﬁ3 is sgfgcﬁ\%ﬁ? irradiated att eaﬁmeoof =F

nolfepreducing.each; whergby each data of which,the multiplex zecordingne by
was performed can be selectively read out. Also, the reason why a

int sarfdomphase mModidatiorepattern isiprovided tgithe signatkightistae
improve the interference efficiency between the signal light and

11ighéferenc@lightadid fealize diffistors 6Pe shectrufh of® the signal light,

thereby suppressing DC components to realize high recordin gensity. As
(o7& PHath mORUIATEH Botlom st he Sugnes TAPE Tor SKAFBIL,

no1 Fdam pattern accordingdo a-binary, of 2-ars'py's set Specifically ;an

random phase - 3 modulation pattern’is set wherein pixels not to be
navsubjeated: ta phase-modulation{{i.ey phase s @zandpixelsdo be:t conly by
irradiating reference light having the same phase
configuration at the time of reproductiocn. This polint is
utilized, i.e., multiplex recording of data is performed by
employing reference light having a different phase
configuration at the time of recording each, the reference
light according to a different phase conflguration is
selectively irradiated at the time of reproducing each,
whereby each data of which the multiplex recording was
performed can be selectively read out.

Also, the reason why a random phase modulation pattern
is provided tc the signal light is to improve the
interference efficiency between the signal light and
reference light, and realize diffusion of the spectrum of
the signal light, thereby suppressing DC éompon@nts to
reallze high recording density.

As for a phase modulation pattern as te the signal
light, for example, a random pattern according to a binary

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



modulated by a (180 degrees) alone are set such that the number of the
former pixels and the number of the latter pixels are the same. 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 "n", thereby generating light having "-'_."

"0", or "1 (+1)" as the wavefront thereof, respectively. Specifically, when

_modulation according to phase "0" is ‘provided to_a pixel of which the li a
mo“ﬁlni%q[néi?y”isprangcdﬁfal%ed?o " thé a?ﬁ:ﬁlj;ﬁldgfh:){e?éosf iTs%I",é% v%/hesﬁﬁ 180t

co rodulationiaceording to phase "piis provided, the amplitude; thereaf is
'-1". Note that, with regard to a pixel of which the light intensity is "0", the
modamplitute-thereafiis kepttor £@'sas ta eitheramedwatiors ot phiage "0her
modulation of a phase "7c" Figs. 67A and 67B illustrate the difference
nunksgardingt BignaP g and reterenéd fightin the'8a8eé of ho phase?mask
. 102 being %%)vided (Fig. 67A) and in the case of the phase mask 102
P+ hefng Provided (Fig- 67B) for confirmation. Note that, in Figs. 67A and

678, the magnitude relation of the amplitude of light aceording,to eoler 1.

density Is - 4 represented. Specifically, in Fig. 67A, black -1 white is
101represented bywamplitude £0" » 31 andsindkg: 6¥Blblacked to "0" or
"1" according to recorded data is generated as signal light.
Such signal light is subjected to phase modulatlion according
to "O" or "m", thereby generating light having "-1", "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 1s "1", and when
modulation according to phase "n" is provided, the amplitude
thereof is "-1". DNote that, with regard tc a plxel of which
the light intensity is "0", the amplitude therecf is kept to
"O" as to.either modulation of a phase "0" or modulation of
a phase "n".

Figs. 672 and 678 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. 6€7B) for confirmation.
Note that, in Figs. 67A and 678, the magnitude relation of

the amplitude of light according to color density is



-> gray -* white is represented by amplitude "-1" -W "0" -+ "1 (+I) ". Signal
light is generated of which the intensity is modulated according to
recorded data. Therefore, intensities (amplitudes) "0" and "1" are not
necessarily disposed randomly, and consequently, 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 SLY 101 are

_arran ed so as_to be, %Lvide to amplitudes "1".and "-1" randomly . :
r@?fﬁeﬁﬁgﬁﬁ-‘%a|f).3ﬁ%%f lecﬁixéfg’arjégdi\%agd %@ﬁpﬁﬁ&&g"f? ar”%“-?*e S
repfandomlyspectiyms can be digtributed evenly on & Fowrer plang  piack

(frequency plane: this case can be conceived as an image on a medium),
— anghthus, WSuppsession eba £E companentwithintsigiral ight'can bed™ — "L

realized. Thus, if suppression of a DC component of signal light is
(+1pealized, improvement of data recording density can be realized. A DC

component occurs in signal light, and thus, a. r?corgligg ,matgriakgeac;s

greath forthe 19E component thereof, and accordingly, muifipléx recording
moaSUGL 88 SRaWD,- b A1 Hg, 661alls 1o be performed;, Lhis is, because more

data Is prevented from multiplex recording as to a portion where
intensities (amplitudes) "0" and "1" are not necessarily
disposed randomly, and consequently, occurrence of a DC
component 1s 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 tThe signal light cutput from the S5LM
101 are arranged so as to be divided teo amplitudes "1" and
"-1" randomly (half-and-half). Thus, the pixels are divided
to amplitudes "1" and "-1" randomly, spectrums can be
distributed evenly on a Fourier plane (freguency plane: this
case can be conceived as an image con a medium), and thus,

L

suppression of a DC compeonent within signal light can be

realized.

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

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

recording material reacts greatly to the DC component

thereof, and accordingly, multiplex recording such as shown



a DC component is recorded. 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 hologram
recording medium HM. Thus, interference fringes (diffraction gratings,

in L8y hologram) according to.he - signallht{tecorded image) ave famed., .
on‘the hologram™ recording medium . That'is to say, recording of data

is fg%s_«ep@éfgﬁ@sdM%f%mﬁtj%péwez@&%%@e fringes thereof i on where
ubsequently, at the time of reproduction, first, as shown in Fig. 65A,
a Dreferencerlight is.generatectwith the spatial light modulation (intensity
modulation) of the SLM 101 as to incident light. Subsequently, according
—_— - B a4
to trepRtial Rghtphade ModiftERGBY the phaséimagrR 091 tHe Sante @
redetermined phase pattern as at the timr; of recording ? gjven to th(f,
rar e . 4 i L X { YeCccrdln
aﬂgeci%lremr?(‘:‘:ésl|egh?i>Y‘Ir)1tuts{“3g}hél?feriévit{(laﬁ?nl.r?rlij Eig- BHA the above-mentionad g
or Ieference light ;subjected to thephasg.mogdulation by the phase mask 102
is irradiated on the hologram recording medium HM through the - 6
objective 1ans;103. Atthistine, rddescribedabove;the samegphasecht
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 hologram
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 1s to say, reccrding of data is
performed with formation of the interference fringes thereof.
Subsequently, at the time of reproduction, first, as
shown in Fig. €5A, reference light is generated with the
spatial light modulation (intensity modulation) of the SLM
101 as 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 of recording
is given to the reference light thus generated.
In Fig. 654, the above-mentioned reference light

subjected to the phase modulation by the phase mask 102 1s

irradiated on the hologram recording medium HM through the



pattern 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. 65B, thereby obtaining diffracted light according to the
recorded hologram, and 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. Subsequently, the reproduced image thus
_obtajned is_recejved at an image sensor 104, for example, such as a

ob] %%ﬁv(%hjz?aé C,jo%f)led Device) sensor, CMOS (Complementary Metal
Oxide Semiconducton) sepsar, pr the,like, and reproduction of the.
recorded data is performed based on the reception signal of the image

catsensordditherenf. Aperure: Noysavith. tbe aboye-meniieneddologram
recording/reproducing technique, suppression of a DC component of

reisighallight byithe phasemasik 202 isrealizéd: tat e fimessfiree6rimg the

~_thereby Lealiz?fgihi hrecordin%density. uch agechgi ue e6rp loyin the}D
RO -BHase mask 102" a hf&?/g§% ‘P@co?cﬁnﬁ Hgityatab newhere-TeTECY

ot THlinlex yecording ata helggram page gan,be perigrmed. On the other

hand, heretofore, a technigue for - 7 realizing reduction in the size of a
nolhelegram pagedmasshepie Proposed-as anather approachderaehieviegs is

high recording

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 CC
(Charge Coupled Device) sensor, CMOS (Complementary Metal
Oxide Semiconductor) sensor, or the like, and reproduction
of the recorded date is performed based cn the reception
signal of the image sensor 104 thereofl.
Aperture

Now, with the above-mentioned hologram
recording/reproducing technigue, suppression of a DC
component of signal light by the phase mask 102 is realilzed
at the time of recording, thereby realizing high recording
density. Such a technique employing the phase mésk 102
achieves high reccording density at a plane where multiplex
recording ©of a hologram page can be periormed.

On the other hand, heretofore, a Technigue for



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 HM at 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 above-mentioned Fourier plane (i.e., the same
frequency plane as the recorded plane of a hologram page as to the

___medjum). Reduction in the ﬁge of a holo%ram page to be recorded on }ghe
*& 2 ofogtant Fetording mediuft M bs regliz%%%%gtﬁ%maﬁgﬁﬁre‘gfb% sen

profovided.an the Fouder.plane .and %%95%&@9@%1H@%@gﬁr%&g@aﬁ%
at the plane of reduction’in the occupied area of each hologram page on

denthe:medium can be achieved. Note that, in the case of employing the
above-mentioned technique for realizing high recording density by
enfiteying itheldperture 198085 tHeltrAasmission regiciattheapettiive 15
105 is narrowed, reduction in the size of a hp[ogrram page can be

C

PrOVfSEd Sahd AccStdinghy: furthér MgH Yécording” dendityis realiZed ¢
11gHpyeyer ihe fransmission reqian 15, iys parrowed. which is gguiyglent tq p,

narrowing a passage - 8 band regarding the spatial frequency of incident
« i might r(image):Spegifically, as:thestransmissionyegivnlisws only light of
a predetermined range from the optical axis center of the
signal light to be transmitted. The aperture 105 Is
provided in & position serving as the above-mentioned
Fourier plane (i.e., the same frequency plane as the
recorded plane of a hologram page as to the medium).

Reduction in the size of a hologram page to be recorded
on the hologram recording medium HM can be realized by the
aperture 10% provided on the Fourier plane, and conseguently,
high recording density at the plane of reduction in the
occupied area of sach hologram page on the medium can be
achieved,

Note that, in the case of employing the above-mentioned
technique for realizing high recording density by employing
the aperture 105, as the transmission region at the aperture
10% is narrowed, reduction in the size of a hologram page
can be realized, and accordingly, further high recording
dengity is realized. However, the transmissicn reglon 1s

thus narrowad, which is equivalent tTo narrowing a passage



narrowed, only components of a low-frequency band are allowed to be
passed through, and accordingly, the transmission region serves as a
so-called low-pass filter. Determination of Pixel Position, and
Over-Sampling incidentally, with the above-mentioned hologram
recording/reproducing system, in order to reproduce data of 0 and 1
included in a hologram page correctly, the correspondence relationship of
the position of each data pixel (each pixel of the SLM 101) serving as a
delimiter of one data bit correspanding to which_pasitign within an image

nangighAPEHAINed Atthe Ao Sen56r 104 HEY 16 be 1O At this time, if
(imie-0ptics.are adisted sych thatgach, pixelofi the-SLM 101, (data pixel)

strictly corresponds to each pixel of the image sensor 104 (detector pixel)
nar0he=on; ope; progessingdar:identifying the-correspondences welationship

can be eliminated. Specifically, thus, in a state in which optical pixel
allmetching idrealizéd strictliy; itlsstontexsalf-evidentwhethek b not an

image received at a certain pixel of the image sensor. 104 is an in%:il,L e

£ apseBtdedt Wrobigh Viich et of fie SLIPIOT and accofdinglys — =™
Dete&%ﬁfggﬂ%%f :g%n%i%@e%h&%oﬂefg&nds%e relationship, does not have

to be performed In particular. However, in reality, it is extremely difficult

andn~9 dayrractica) te realize:strictpixel matehingn Eherefareg heretofore,
based on the premise of no strict optical pixel
recording/reproducing system, in order to reproduce data of

0 and 1 included in a hologram page correctly, the
correspondence relationship of the positicon of each data
pixel {each pixel of the SIM 101) serving as 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 adjusted such that each
pixel of the SLM 101 {(data pizel) strictly corresponds Lo
each pixel of the image sensor 104 (detector pixel} one-on-
one, processing for ldentifyving the correspondence
relationship can be eliminated. Specifically, thus, in a
state in which optical pixel matching is reallzed strictly,
it becomes self-evident whether or not an image received at
a certain pixel of the image senscor 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, 1t 1s extremely difficult and



matching being taken, signal processing for identifying each data pixel
position from a readout signal by the image sensor 104 has been
performed. In the case of no strict pixel matching being taken, irradiation
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 is 1:1, resolution as to the deviation
of the data pixel to the detector pixel such as described above is one
time, and ccordin deV|at|on in_increments of less than g pixel fails to
mpbe% d “Fhéra gi‘aore “With |den‘tlfy|ﬁg prcfces%cl%ng?d‘f a“data?E f%xel efoze

her@@%‘%% for gxample, such a n:in Fig. 69, the pumbey, of;pixels,and |

optical system of the SLM 101 and image sensor 104 are adjusted such
ma ¢ that the ma.ge;ofc@m@pp(eh woerth opthecSlaM 101 isseceivied at b pixels fuch
> 1) on the image sensor 104. Such a technique for performing sampling
dalpf @Mfé%ﬁod%j%@dqﬁ@@e—s’%@ﬁ that thedfidigeof Onelpikel Worth ofakie SLM
101 is received |xels worth of the image sensor 104 is called

SengQar-damplity: ogfg thﬁ‘[eﬁé 968 6%emplifies a case where the image of
one.pixe| warth.af the SIM10].is received at four pixels 10 worth (2 x 2)

on the image sensor 104, and the over-sampling rate is doublé, but of
irreelrse;the oversanplinggateis notstate in which a data pixel
deviates from a detector pixel. At this time, in a case
where a ratio according te the number of data pixels : the
nunber of detector pixels 1s 1:1, resolution as to the
deviation of the data pixel to the detector pizel such as
described above 1s one time, and accordingly, deviation 1n
increments of less tThan a pixel failiis to bes handled.
Therefore, with identifying processing of a data pixel
position, for example, such as shown in Fig. ©9, the number
of pixels, and optical system of the SIM 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) con the
image sensor 104,

Such a technique for performing sampling of a
reproduced image such that the ilmage of one pixel worth of
the SLM 101 is received at n pixels worth of the image
sengor 104 is called over-sampling.

Note that Fig. 69 exempliflies a case where the image of

=

one pixel worth of the SILM 101 is recelived at four pixels



restricted to this. A specific example will 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 beforehand. Fig. 70 illustrates an insertion example of
syncs into signal light. The example in Fig. 70 illustrates a case where
syncs illustrated with outline square marks in the drawing are inserted
such that a predetermined interval is provided both in the vertical and

wOZhbrizontdl directidnsThe sétic posifion bf eaciSync determined® - "<
racfiith 2 gegorded frmat beforshand The enlie.dara ay, it 9003k 1o+

lightincluding the insertion positions of the above- mentioned syncs is
recdeteppined-according to a recorded format. Specifically, the insertion
position of each sync such as shown in Fig. 70, the number of pixels (the
nuiberof data: pixels)rtobeinsertee therebetiveen, andso forthrare £ying
determined with a recorded format beforehand. From this perspective, if

me t{hecingértion PBSHtioR of ‘CadhPyric'éh B¢ itientified from theimagetead -
1 QD e S L s sispndicin e ppalen 2
nosafecorded formate termined data pattern called a sync is
inserted intc a2 hologram page (signal light) at the time of
recording beforehand.

Fig. 70 illustrates an insertion example of syncs into
signal light. The example in Fig. 70 lllustrates a case
where syncs illustrated with outline square marks 1n the
drawing are inserted such that a predetermined interval is
provided both in the vertical and horizontal directions.

The insertion position of each sync is determined with
a recorded format beforehand. The entire data array within
signal light including the insertion positicns of the above-~
mentioned syncs i1s 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) to be inserted therebetween, and so forth are
determined with a recorded format beforehand.

From this perspective, 1f 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

|
[
-
H



Specifically, 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 predetermined data pattern has been obtained as syncs (the
position of a detector pixel) is identified of the image read out by the
image sensor 104. Subsequently, upon the insertion positions 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,

of féordéd foimtat the didtance frorh d'ideRtified syic o4 datapikelto be'®

i £10cE598) (Rehow muany. pixglsheplxels are separated) can be found,
and accordingly, based on the information thereof, identifying of each
datg pixelrpesitian;is perfarmed-frome the: informationof aiidentified sync
position. Such identifying processing of a data pixel position is performed,

repwhérebyithe poSitiontof emehrddta pixel withim the teadoutirmage cande &
comprehended appropriately even in a case where optical pixel matching

SYMRas AoPB&er? pBormé®™ Amislitudé ¥ aluesCalciation by iffedr"a®
serifigrpolation Alya, it a helogram reeording

i i3 v %%?gugﬁgg§ﬁ;%eabpve~
according to the related art, after identifying of a data - 12 pixel position

men@S desceribed-abaveris performed: the: amplitude.valye &t thesidentified a s
data pixel position is
syncs (the position of a detector pixel) is identified of
the image read out by the image sensor 104.
Subseguently, upon the insertion positions of syncs
being identified, the position of each data plxel 1s

identified in accordance with the information of a recorded

format, Yor example, according to a recorded format, tThe

distance from a lidentified sync to a data pixel to be
processed (by how many pixels the pixels are separated} can
pe feound, and accordingly, based on the information thereot,
identifying of each data pixel position is performed from
the information of a identified sync position.

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

Amplitude Value Calculation by Linear Interpolation

Also, with a nologram recording/reproducing device

according to the related art, after identifying of a data



also calculated by linear interpolation employing amplitude values around
the identified data pixel position. In general, with the reproducing system
of a data storage 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 amplitude value of each adjacent data
pixel can be deemed to have predetermined linear relationship. Linear

_,_interpolation processing performed here is, processing for. obtaining the
PL*amphtiitevaltie of adde%§ Dixet C%o°bbeof)”r‘:‘f)césgsemoe ﬁ(‘)r%%herf‘du né?neg

amp@plitide valyes on the premise obsuch lingarity, Sampling-Theorem

incidentally, with regard to the hologram recording/reproducing method

=1 sdescribediso faf, the aperatian iof the repredueing systeny thereafis,las ude
can also be understood with reference to Fig. 65A, generally equivalent

va ltoeeach pixetofithe invage isenser 104 saniplifig {digital Safmpling) the
original continuous signal (analo sg%nal) servm%as are Lodaucgdggnage.
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equency included therein to digitize this (digital data), whereby
betigen pixels with hologram recording) can be deemed as the
linear supsrposition of 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.

Linear interpolation processing performed here is
processing for obtaining the ampiitude value of a data pixel
to be processed from surrounding amplitude values on the

remise 5f 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 alsoc be
understood with reference to Fig. ©54, generally eqguivalent
to each pixel of the image sensor 104 sampling (digital
sampling) the original continuous signal (analog signal)
serving as a reproduced image.

Bccording to the Nyguist sampling theorem, the original

continuous signal is sampled with & clock having a higher



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/reproducing 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, sampling frequency is determined with the over-sampling

. _rate. Therefore, according to the Nyquist sampling theorem,, in the event
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the$ignal (e sepraducedimage) £an;be restored; That s ta;say. with the
hologram recording/reproducing system, conceptually, the rélation

or i betweernstheleverssamplingsate and aperyre=siza sbauldthe v from the
over-sampling rate > aperture size. SUMMARY OF THE INVENTION

digHoweves the tHologram recordingfeprodtieing By stehyhas ason-fiaearity in
that the information of Ii%ht intensity and phase can be recorded as to the

media, it the Tformation of TiGRE itensity ldre can b detscted by the
sysimage spasar; 104 at the e gf teproduction. Specffically, deserption -, ;

14 has been made regarding a point that amplitudes of three values of
is drerlkiand "wWi'(theseombination of inteasity: ot 1 and-a pase.ef m)

can be recorded by the phase mask 102,
transmission region cf the aperture 105 shown in Fig. 68).
Specifically, one-half cf the aperture size beccmes the
highest frequency. On the other hand, sampling frequency is
determined with the over-sampling rate.

Therefore, according to the Nygulist sampling theorem,
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 1s 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 reccording/reproducing system has
non-linearity in that the information of light intensity and
whase can be recorded as to The media, buft the information
of light intensity alons can be detected by the image sensor

104 at the time of reproduction. Specifically, description



with reference to Fig. 64, but as can also be understood from this point,
the information of a phase 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 value of the amplitude and converting
this into an absolute value. From the perspective of this point, the
hologram recording/reproducing system according to the related art has

e non-lineari'%/. FJlngs.. 71§%and 71B iIIEus,Eratt:Elsi ua{agiaqnigegglt% f%rf: dg}slcl::riekgeing
has sHER Rolhdineatity” Each of F‘:ilgsgf TrA and 718 iltstrates the comparison

va1fRSults between ihe amplifude.of; the readodtsignaliobg obtaingd: cns: ¢y
. originally, calculated by employing a simulator of the hologram

of recording/reprogcing systenr, and the amplitutlegf asignaltodie readk 102,

out actually by the image sensor 104. The amplitude of the readout
witBighaforseobtaived ddginatly has beéh obtdinéd By integatirig theood
.__signal input to each pixel,of the image sensor 104 by the simulator
“roge gt e size st tﬁ@*8i§gﬁthé?5‘ofov§ith%u?%ﬁgﬁgiﬁarﬁhgs%%a?e
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sensor 104 has been obtained by calculating the square root o
infresuits obtained bysaualing ¢hes signal input tatheoithage sensor 4eand

integrating this according to the size
image sensor 104 can detect only the information of light
intensity obtained by sguaring the value of the amplitude
and converting this into an absclute value. From the
perspective of this point, the hologram
recording/reproducing system according to the related art
has non-linearity.

Figs. 71A and 71B illustrate simulation results for
describing such non-linearity. Each of Figs. 71A and 71B
iliustrates the comparison resulls between the ampiitude of
the readcut sgignal to be obtained originally, calculated by
employing a simulator 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 originally has been obtained
by integrating the signal input to each pixel of the image
sensor 104 by the simulator according to the size cf the
pixel thereof without changing the signal. Alsc, the

amplitude of the signal to be read out actually by the image



of the pixel. In each drawing, the amplitude of the readout signal to be
obtained originally is taken as the 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 serving as output has linear relationship as to
the horizontal axis serving as input, the plot thereof 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

SSTHSLM L01%S divided it L6 16 blocke, & dlso te Size BFGRE pixel >
ot §hibe Image sensar 104 aseto s sl 85 IpEka TARI0 38 ene

e over-sampling rate is double (over-sampling of 2 X 2). In this case,
imalgtegsation is peforrned assuming-that only the segionof box s blacks ati ze
the center portion of one pixel of the image sensor 104 is valid. This
of ¢dnditiorkkas been set based on the actual fill factor of the image sensor
104. Also, the aperture size has been set to 1.2 x 1.2 which is the Nyquist

aperture? §fzeST 18 Bhotiftbe Fbred THAE with thESimERHEGHS iPkigss ! =
be M4 HrQugh (2B i%%ﬁtionaﬂé”%%%%%f‘ E%S”é%% shifing, of arepraduced,
~image has not been perTgrmed. us, in the
the amplitude of the signal to be read cut actually by The
image sensor 104 1s taken as the vertical axis, and the
relation between both i1s 1llustrated by plotting. In ths
event that the vertical axis serving as output has linear
relationship as to the horizeontal axis serving as input, the
plot thereof becomes a straight line, and accerdingly, in
general, such diagrams are called "diagrams for viewing
linearitvy".

Note that, with the simulator in this case, one pixel
of the SIM 101 is divided intoe 16 x 16 blocks, and also the
size of one pixel of the image senscor 104 is set to the size
of 8 x 8 blocks. That is to say, the over-sampling rate is
double {over-sampling of 2 x 2Z). 1In this case, integration
is performed assuming that only the region of 5 = 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
gize has bheen set o 1.2 x 1.2 which is the Nyguist aperiure

size.



case of employing the over-sampling of 2 x 2 (i.e., over- sampling of an
integral multiple), one data pixel is accommodated within a region of 2 x 2
pixels of the image sensor 104 (same as the state in Fig. 69). Also, as
can be understood from this, with the simulation in this case, the data
pixel position is found beforehand, and accordingly, the processing for
position identifying has not been performed. Fig. 71A illustrates a
"diagram for viewing linearity" in the case of no phase mask 102 being

provided (in the case gfmi cluding no phase mask), and Fig. 71B. .
iIILFsifra?gls&iJ"'dié)geralr}lofb?%iegv}}ﬁnéin‘égér“l’tr)]/"%ng:%e%angérh%aﬁ g%ﬁaég‘ r?ljégl?

712102 being, provided, (in the-¢ase,af including.the Pphasesmask), As,can be g
understood with reference to Fig. 71A, confirmation can be made that,

of everbrthewesse dhincudings naphasesmaske te negative amplituden the
included within the signal is rectified, and thus, folding back occurs. Also,

casi the czselstinélddingthe Phase askindig.” 728 confirmation carfbe
made clearly that a re%ion where thelamplitude OJ the origina{ siggal on

S RGiZontal axis| becoftes Hegative has ro iinearity at all- Also, the
accioliqwing Eigs, 72A and.72R illustrater - 17, diagrams far viewing.lingarity.

in a case where the over- sampling rate has been set to a rate other than
senanintegral mulktivle; andralse amplitude value calkeulationlyolineas can be
understood from this, with the simulation in this case, the
data pixel position is found beforehand, and accordingly,
the processing for position identifying has not been
perrcrmed.

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 1llustrates 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 understcood with reference to Fig. 71A,
confirmation can be made that, even in the case of including
no phase mask, the negative amplitude incliuded within the
signal 1s 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 folleowing Figs. 72A and 72B illustrate

- 17 =



interpolation has been performed. Fig. 72A illustrates the case of
including no phase mask, and Fig. 72B 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 calculated in Fig. 71A, 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
, b))r[Jinear_ interpolation, the relaggr%s between both by, plot paints. Also, _
diag § 2B lstrated - With thée Rdfizontal axi§ as “the amphitude value of 1 x
sam%;%%} obtaiped by simply thipning out the results of oversampling of gx- 1
calculated in Fig. 71B, and with the vertical axis as the results obtained
mul bycadculating thesamplitude valie of-d «data pixelpesition: tawbe proeessed
from the results of over-sampling of 1.33 x 1.33 by linear interpolation, the
int eelatidrsbefvdenhoth By PIEEPOIRt # shotifebbe néfedithat Hs ddstribed e
above, with the, simulation in this ca%e, intenti%nal irre}gigtign J1_)05'tion

oot : : . 1 T
“&Sghifing-0fa reproduced IMAGE hBS Aot bes parférmed,-and acaordingly,
rheaValue an the hetizonigl axis cap behapdied - ig;as the-amplitude of a: e s,

signal when pixel matching is taken such as shown’in the drawing. Note
witihatibigs: J2A-and Z2Balsa illustrateresufts 1 tude value of 1 x 1
nixel obtained by simply thinning out the results of over-
sampling of 2 x 2 calculated in Fig. 71A, and with the
vertical axis as the results obtained by calculating the
amplitude value of a data pixel position to ke processed
from the results of over-sampling of 1.33 x 1.33 by linear
intexpolation, the relations between both by plot points.

Also, Fig. 72B 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 Z
calculated in Fig. 71B, and with the vertical axis as the
results obtained bv 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 peoints.

Tt should ke noted that, as described above, with the
gimulation 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



obtained by employing the simulator employed in Figs. 71A and 71B, 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 104 is set to 12 x 12 blocks, an over-sampling rate
according to 16/ 12 a 1.33 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 be understood with reference to Figs. 72A
and 728, in a case where the over-sampling rate is set to a halfway value

25 bfer MaH anifteger, ahdthe smpiitiide vaius®of 4 Yatd pixdl position &

Sucgalgglag%q} Q}ﬁ Iig%ar, quneterc&oa!x%“ﬂ{‘g .th_e mismatched Igvel o_f the amplitudes
of the Vertical and horizontal axes (i.e., lowness of linearity) becomes

greatoth in thercage, ofipgluging ne phase:mask 1 and insthe caseoft s
including the phase mask. The mismatch level of the amplitude values in
obt theeabenef ronphasel maskhin Fign72A betories consiterably great, buf:
‘the mismatched level of the amplitude values in the case of including the
andpiade nfask if Fig! 72B BECSMES BXEeedindly great>whichisH probl&f®
. _prior.to a practical.realization | [ these simulation.results in Fi ~
Slzglﬁihroorﬁggh%e]i 1%% ili%u%(tarafg)eﬁ,% f%f;ﬁcl)gr"ésrn Fear&)era'gina reﬁfod%crlingg%sloxs'
andsystem-aceqrding tothgrelatedart hasnonlinearity. \WER@ sensor 104

recording/reproducing system according to the related art,

is set to 12 x 12 blocks, an over-sampling rate according to
16 / 12 = 1.33 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 be understood with reference to Figs. TZA and
72B, in a case where the over-sampling rate 1s set to a
halfway value other than an integer, and the amplitude value
of & data pixel positicon is calculated by linear
interpolation, the mismatched level of the amplitudes of the
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 phase mask. The mismatch
level of the amplitude values in the case of no phase mask
in Fig. 722 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 1s a
problem prior to a practical realization level.

Az these simulation results in Figs. 71A through 72Z2B



the above-mentioned sampling theorem is not established appropriately
due to such a non-linearity problem. That is to say, with a
recording/reproducing system according to the related art, even if a
condition of over-sampling rate > aperture size 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

1] secured Withﬁs?}tjltin%s of the aperture size of aro%}pd 2.0, and N

Ll Bietsarmipliny rité 8F ardunid 2 0" Fiebd./as destribed above “With regard

acciotheaperiure size, high recording densify can he.realized byyreducing
the value thereof. Accordingly, from the perspective of this, it is desirable

rectorfeduee the apenuresize assmalkas: possible. dowener it hasdeenrt
determined that it is difficult to reduce the aperture size to the

theabbvermentioned 2c0 opkies Lirom thesbove-mentishiedidriitinéaec

roblem. That is to say, in the case of reducing the apertkére size, the

P o
2PPRERT fithitSwidth 6F high-frédiericy CBMpPoRets is-als6 enfarged, and 220+ °
to %iyggﬁrti%£%ad4'yp&gg&Sda%o/@eeprfégge&ﬁgn@wt@@ image sensor104 ;.

e worth thereof. However, with a non- linear system, it becomes
reiexteemelydiffisulbto 1 £ a condition of
over-sampling rate > aperture size

is set, reproduction cof data fails to be periormed

appropriately 1n 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 around 2.0,
and over—-sampling rate of around 2.0.

Here, as described sbove, 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 as
possible.

However, i1t has been determined that 1t 1s difficult to
reduce the aperture sirze to the above-mentioned Z.0 or less
from the above-mentioned non-linsar problem. That is to say,
in the case of reducing the aperture size, the band limit

width of high-freguency components is also enlarged, and
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appropriately correct such distortion which occurred as to the readout
signal, and as a result thereof, it has been determined that it is difficult to
reduce the aperture size to at or below a predetermined value,
specifically the above-mentioned around 2.0. 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 theorem, the value of the over-sampling rate has to

25 Sét foratIEast al Valtie gréatef tharfthe” Galtie Bt the aperire'sizd, dntf

smaeordingly, the gver, sampling /ate Naslobg set gregler Inan 8.0, \f e, .,
ver-sampling rate is'gréat, the data amount to’ be handled 4t the time o

1 1rfeproductionof data issapiie sinerease.whichpreventsirealization of a
high transfer rate. From this point of view, unless the restriction regarding
aprtheraperture sizeds efiminatedrealization ofa highi transfer vatedd afso Lo
. prevented. As described above, with hologram recording/reproducing
Lhesyistéins ‘A csrding to theffelatéd art: ftis gﬁfiédﬁ%e%%dizé%ié}ﬁ%c%?&iﬁg
_densit ag_d"{m%ctjlié;hkt*[aq_sgjerdr“_g;l%(-%-:,.j_-c%J1 tA re rg%té;:in% dgylié:eaaccorddn%to

determine lt = Lee, Tl =1 by Size
an embodiment of ﬁe present invention for performing repr duction

to regardingay bplogramdecerding medium inwhich-a hologram pageris
above-menticned around 2.0.

Also, with such a recording/reproducing system, 1t has
been found that it 1s difficult to reduce the cover-sampling
rate to at or below 2.0 due to such a restricticn regarding
the aperture size. That 1s to say, according to the above-
nentioned zampling theorem, the value of the over~sampling
rate has to be set to at least a value greater than the
value of The apsrture size, and accordingly, tThe 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 reproductilion cof data is apt to
increase, which prevents reaiization of a high transfer rate.
From this point of view, unlesg the regtriction regarding
the aperture size 1s eliminated, realization of a high
transfer rate 1s also prevented.

As described above, with hologram recording/reproducing
systems according tc¢ the related art, it is difficult to

realize high recording density and a high transfer rate.
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recorded in accordance with signal light, by interference between the
signal light in which bit data is arrayed with the information of light
intensity difference in pixel increments, and reference light, the
reproducing device includes: a reference light generating unit configured
to generate the reference light to be irradiated when obtaining a
reproduced image regarding the hologram page recorded in the hologram
recording medium; a coherent light generating unit configured to generate
coherent light of which the intensity is greater than the absolute value of

thé mimAri Ve of fe &mplitade of the répoticsd iiagd dhd the -
preRAse becomes lhe same phase ag. (e r E%%%%%BQ%%%WEQ'& g}?i_%;agaé

reproduced image; an image sensor configured to receive an’input i
nolibgaxel inerements to abtainan image isignal; and an.epticaksysten

configured to guide the reference light to the hologram recording medium,
recamdlalsol guidecthe teproducéd image mblained from the hologransrence

recordine%émned_ium according to the irradiation of the reference light, and

be tigtbheréntlihit to thelifidge Sertsor Recording o Suth anreémbBdintent

-of the present_invention, the number of pixels of-the image sensor, and
P GG SyStems A AdILCten SUEh That & Dver LSMIng Vate 23
1nJepreseniing.a ratiesegading whether todgeeive e image. of 9ae data

pixel worth representing the information of one data bit worth within the
increpreduced inageratthe régionofgenerating unit configured to
generate the reference light to be irradiated when obtaining
a reproduced image regarding the hologram page recorded in
ﬁhe hologram recording medium; coherent light generating
unit configured to generate ccherent light of which the
intensity is greater than the absclute value of the minimum
value of the amplitude of the reproduced image, and the
phase becomes the same phase as the reference phase within
the reproduced image; an image sensor configured to receive
an input image in pixel increments to obtain an image
signal; and an optical gystem configured tTo gulde the
reference light to the hologram recording medium, and also
guide the reproduced lmage cbtained from the hologram
recording medium according to the irradiation of the
reference light, and the cocherent light to the image sensor.

According to such an embodiment of the present

invention, the number of pixels of the image sensor, and the

optical system are adijusted such that an over-sampling rate



how many pixels worth of the image sensor side is greater than at least
one. With such an arrangement as the basis, the reproducing device
according to the embodiment of the present invention further includes: a
square root calculating unit configured to input an image signal obtained
based on light-receiving operation by the image sensor to calculate the
square root of each value making up the image signal; a removing unit
configured to remove the components of the coherent light from an image
signal serving as the square root calculation result by the square root,

“epgalediating Unit; a%ixet poSion iRty it configited to fdentify tHé™9°
or Boation ol eadh data pixel nelydedn e epraduced image 1eMaR: one

image signal after removal processing by the removing unit; a pixel
dar@mplitudgvalue pbtaining it configurad-oobiains thesamplitude valugnats £

each data pixel position within the image signal based on the information
howofithepasitionlef each datal pikekidéntifisd by theopixelipesition identifyiig
~_unit; and a reproducing unit configured to reproduce recorded data based
Thagn the afmplifudealue at each data pixel position obtained by the pixel

amplityde,value obtaining uni, 23 With fhe atove.configuralion. 8, - ng

arrangement’is made™w erein a reproduce%l image is read out by the
deviMage;sensor i through eyer-samplingqand the position.of each data-pixel on
further includes: a square root calculating unit cenfigured
to input an image signal obtained based on light-recelving
operation by the ilmage sensor to calculate the sguare root
of each value making up the image signal; a removing unit
configured to remove the components of the coherent light
from an image signal serving as the sguare root calculation
result by the sguare roct calculating unit; a pixel position
identifying unit configured to identify the pesition of each
data pixzel included in the reproduced image from an image
signal after removal procesgsing by the removing unit; a
pixel amplitude value obtaining unit configured to obtain
the amplitude value at each data pixel position within the
image signal based on the information of the positicn of
cach data pixel identified by the 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 the pixel amplitude value

chtaining unit.
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is identified according to signal processing regarding the image signal
read out by the image sensor. That is to say, with 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 to
the related art, phase information included in a reproduced image is not
detected, and detection regarding light intensity alone is performed. This
intensity is equivalent to the absolute value (square value) of the
arrwli:;_u.fﬂdqof a reproduced igna%evbgin detected. Accordingly, with the,
abbve-mentionad embodiment f?n“el[?fé‘seﬁﬂ nvéntior “Coherentlight of

wheWhich the jntensity is-greafer than the,. absolyte valyeof the minimum,. ., .
value of the amplitude of the reproduced image is also irradiatéd at the

thrtimerof cperforming readoutof datmby readiating referengedight rang thus;
the value according to the intensity of the coherent light is added to the

1s dnginalidmphitudes/alieinBased 6a dHis  thesotare oot of eash Value ¢fhe
the im,age signal gbtained by detecting the square value of the amplitude

IMAgRrEoris Balchiated Yégarding the refrotfucsd iitdge obtaimed sy addifg?
witihesoherentlight components thug described above, and morgover,

reproduction of data is - 24 performed after the added componients are
ma tkemened I hus: ayalue-whieh is greaterthandhe abselute value of the

minimum value (e.g., -1) of the amplitude of the
As described above, with a hologram reproducing system
according to the related art, phase informatiocn included in

a reprcduced image 1s not detected, and detection regarding

iight intensity aione 1s performed. This intensity i

o

equivalent to the absolute value (sguare vzlue! of the
amplitude of a reproduced image being detected. Accordingly,

with the above-mentioned embodiment of the present invention,

Fh

coherent light of which the intensity is greater than the
absolute value of the minimum value of the amplitude of the
reproduced image 1s alsc drradiated at the time of
performing readout of data by irradizting reference light,
and thus, the value according to the intensity of the
coherent light is added to the original amplitude valus.
Based on this, the sguare root of each value of the image
signal cobtained by detecting the sguare value of the
amplitude thereof 1s calculated regarding the reproduced
image obtained by adding the coherent light components thus

described above, and morecver, reproduction of data is



reproduced image (e.g., 1.5) is added, and the square root regarding
each value of the image signal detected as the square value thereof is
calculated, and further, the added coherent light components are
removed, and thus, a negative amplitude (-1) is read out appropriately.
Specifically, thus, in a case where three values according to "+1", "0",
and "-1" are recorded by employing a phase mask, these "+1"0", and "-1"
can be read out appropriately, and thus, linear readout is realized. Note
that, with the present invention, it is taken as a condition that the phase of

PETEORreNt RghtTs séfo R E5mePHARBHE 4 rébrbddcdiftage, which is
because the amplitudg, yalye accarding to.coherent light fails to he, added.

to a reproduced image appropriatély in a case where the phase of
of eokergnhlightis nat set todhg samelphase terdatively.iAsdeserbeh
above, according to the present invention, information recorded in a
rephotdgram reserding medium tan bel feadicdtdineany. Thes, dilear Freatiout
is realized, wherebﬁthe restriction regarding the aperture size accordin

] £ 3 o b i 9
“COf e Talated rt Ean e Bfiminiated KHé atc6Tdgly: e Aperture size”
squd¥ Or%‘ﬂg%rtt@%&fﬁ]%%%mi@%ﬂ‘i’&[{‘ﬂ%@,géﬁ‘ be Jgdyced as compared Iy, 4

e relate e aperture size can be reduced, the over-sampling
contate gan1be reducedaceording 4 the-Nyguistisampting theoyem negative

(condition of over-sampling rate > aperture size) as
amplitude (-1; 1s read out appropriately. Specifically,
thus, 1in a case where three values according to "+17, 707,
and "-1" are recorded by employing a phase mask, these "+1%,
"0, and "-1" can be read out appropriately, and thus,
iinear readout 1s realized.

Nete that, with the present invention, i1t is taken as a
condition that the phase of coherent light is set to the
same phase as a reproduced image, which 1s because the
amplitude value according to coherent light fails to be
added to a reproduced 1lmage appropriately in a case whers
the phase of ccherent light is not set to the same phase
tantatively.

As described above, according to the present invention,
information recorded in a& hologram recording medium can be
read out linearly. Thus, linear readout is realized,
wnereby the restriction regarding the aperture size
according to the related art can be eliminated, and

accordingly, the aperture size according to the present



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
DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram illustrating
the internal configuration 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 e
LNVigrant SEVE Fig Fisk %%ﬁ%ié@raﬁ?ﬁﬁt%ﬁﬁ@iﬁdétl%ﬁ]gftﬁéaiﬁ?é\rnﬁlrt' -

eneCoiguration of.an SLM and intensity/phase, modulation gonitqlynit, . car
inctuded 1h a reproducing device “according to the embodiment; Figs. 4

be %@%é@&{eéﬂw@aﬁ?r deseriking the, strucie,of a-liguiderystal device
capable of phase modulation in increments of pixels; Figs. 5A and 5B are
{ coschigmatic representatieng-afioutput: £ 26> ingges-ofian mtensitys s
modulator and phase modulator when adding coherent light; Fig. 6 is a
congiagfam Trustrafing alrepfstuced -image in a case that the coherent
acdfion amount s 9 Fig; 7is.2 diagramiiustrating areproducedimage,
the over-sampling rate can ke realized, whereby high
recording density of data as to & hologram recording medium,

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

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is & block diagram illustrating the internal
configuration of a reproducing device according to an
empodiment of the present invention;

Fig. 2 1s a diagram for describking the areas of a
reference 1light area, signal light area, and gap area,
stipulated in an SLM;

Fig. 3 i3 a2 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 liguid crystal device capable of phase
modulation in increments of pixels;

Figs. 5A and 5B are schematic representations of output



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 viewing linearity" in the case of performing coherent
addition according to the embodiment; Fig. 10 illustrates distribution
within a signal light are for each region divided according to the number
of surrounding syncs; Fig. 11 is a diagram for describing a detection
technique for the page center position; Fig. 12 is a diagram for describing

inag YRiéttion” technidtie for the SyHEpoSiians: FiGe A3 Ahdugh t3D"are™

addglggram for decsc[nflnga technique for extrapolating one sync in the

case Slpbéalﬁansurro%déa by three syncs; Figs. 14A through 14F are
diagrgmsdor, describing;astechnigue-for extrapolatingtwoisyres inthee in
case of being surrounded by two syncs; - 27 Figs. 15A through 15D are

a cdiagrarms fortdescribingratechnique forextrapotatingsthfeelsyncs in the
case of being surrounded by one sync; Figs. 16A and 16B are diagrams

forfdescriBingta FeSamphing techhitierdécording té SFirsfembodiems -
a case that the coherent addition amount is 1.0:

Fig. 8 is a block diagram illustrating the internal
configuration of & data reproducing unit included in the
reproducing device according to the embodiment;

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

Pig. 10 illustrates distribution within a signal light
are for each region divided according to the number of
surrounding syncs;

Fig. 11 is a diagram for describing a detection
technigue for the page center positicn;

Fig. 12 is & diagram for describing a detection
technique for the sync positions;

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

Figs. 14A through 14F are diagrams for describing a
technigque for extrapolating two syncs in the case of being

surrcunded by twe syncs:
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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
redUls® regattling 1R Page errot disFibttiéA "SER, afd SRR Gh 2 cade df

ecBgrorming detection.of the synes according fo the  fist embodiment. and ,
perJfgrmlng plxeﬁ pbsﬁr%n |8e”ntﬂ‘9|ng, pixel pciﬁud% value o%?alnlng, and

surdatadistinguishing, aceording to the related art; Figs. 21A and 21B are
diagrams illustrating the comparison results between a case of

perormingiresampling caccording ie ¢hefirst émbadiment; anda ease
wherein pixel - 28 matching has been performed; Figs. 22A and 22B are
resgiagtam dllustraling e rélafon betieeR apeftufe Siz8 #id oV Sampling
rate, in a;gse of é)eéprangdcohejgnt addition, b kwc% og NMSE. Fig%.a‘+ ‘on
23Aahd 23B e Giagram illustrating the refation ™ " rrguration

for realizing reprocducing operaticn based con the resampling
taechnique according tce the first embodiment;

Fig. 1% is a diagram illustrating experiment results
regarding in-page error distribution, SER, and SNR, in a
case of applving the resampling technigue according to the
first embodiment;

Fig. 19 1s a diagram 1llustrating experiment results
regarding in-page errcr distributicon, SER, and 3NR, in a
case of applving a resampling technigus according te the
related art;

Fig. 20 1s a2 diagram illustrating experiment results
regarding in-page error distribution, SER, and SNR, in a
case of performing detection of the syncs according te the
first embodiment, and performing pixel position identifying,
pixel amplitude value obtaining, and data distinguishing,
according to the related art;

igs. 21A and 21B are diagrams illustrating the

ol
I

comparison results between a case of performing resampling

according to the first embodiment, and a case wherein pixel

- 20 -



between aperture size and over-sampling rate, in a case of not
performing 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
image; Fig. 26 is a diagram illustrating an image following up-scaling;
Figs. 27A and 27B are diagrams illustrating image masks for
differentiation processing; Fig. 28 is a diagram illustrating an image as X-

ma gipdStior HriintSHulse SignalsiEig. 29 is a diagram illustrating an image as

Y- girection fining puisesignals g, 39.» a diagram usiratng.analyss s o

results” according to two-dimensional FFT rjégar ing X tion timing
netRUISE signals; fig. 31 isa diagramdliusfrating:analysis results =29ase of

according to two-dimensional FFT regarding Y-direction timing pulse
persignalts; &ig: 32=is andiagram illustrating extraction pEstlts of X-clock signal
components; Fig. 33 is a diagram illustrating extraction results of {

Figs. 232 and 23B are diagram i1lliustrating the relation
between aperture size and over-sampling rate, in a case of
not performing coherent addition accerding to the related
art, by way of NMIE;

Fig. 24 is a block diagram illustrating the internal
configuration of a2 data processing unit which a reproducing
device according to a second embodiment includes;

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

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

Tigs. 27A and 27B are diagrams illustrating image masks
for differentiation processing:

Fig. 28 is a diagram i1llustrating an image as X-
direction timing pulse signals;

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

Fig. 30 is & diagram illustrating analysis results
according to two-dimensional FFT regarding X-direction

timing pulse signals;

Fig. 31 is a diagram illustrating analysis results



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 diagrams for describing an extraction technique for the zero
cross lines of clock signals; Fig. 38 is a diagram illustrating extraction
results 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; Flg. 40 is a diagram iIIustraELr%g extractlofﬁﬁresultg f grid points of
ACCHEIETS crosS e Grotipe® iyt 21 is A diagrand fitsfating' the posifidhal
- felat nii ; tg\_/esgf?tltgg]@ggg sensor and signal light; Fig. 42 is a dlagra_m
exemplarily illustrating an image from the results of resampling; 30 Fig.
431is @ block diagram illustiating aieonfiguration forgealizingtheesults of
reproducing operations based on the resampling technique according to
- cthecsecohdrembodimenteFigs44 is a diagram illustrating an array example
of page s,jyncs; _ _ , , i
Fig. 33 is a diagram illustrating extraction results ol
Y-clock signal components;
Fig. 34 is a dilagram for describing phase shift
processing:;
Fig. 25 is a diagram illustrating an image as X-clock
signalis;
ig. 36 ig & diagram illustrating an image as Y-clock
-signals;
Figs. 372 and 37B are diagrams for describing an
extraction technigue for the zerc cross lines of clock

signals;
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38 1s a diagram illustrating extraction resu

positive zero cross lines of X-clock signals;

th

Fig. 3% is a diagram illustrating extraction results of

pesitive zero cross lines of Y-clock signals;

Fig. 40 is a diagram illustrating extraction results
grid peints of the zero cross line groups;

Fig. 41 is a diagram illustrating the positicnal
relation between the 1mage sensor and signal light;

Fig. 42 is a diagram exemplarily illustrating an ilmage

from the results of resampling;

h



Fig. 45 is a diagram illustrating another array example of page syncs; Fig.
46 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. 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 diagram illustrating experiment results regarding margin
properties as to enlargemen reduction of _the image; Fig. 49 is %flia ram,

iilustrating expériment restlts reghrding matgin proparties asfotrotation - "
oot theqimage, Figs. 504 and 508.-are diagramsljustrating.analysis results

by two-dimensional FFT with an enlarged image (1.1 times) ; Figs. 51A

resang D1Barediagrams:illustrating: analysis tresults by two-stimensianal: ;
FFT with a rotated image (5 - 31 degrees); Figs. 52A and 52B are
didgkrams4ér describivigasetond modificationofthe seeend embolitety
Fig. 53 is a diagram for describing a third modification of the second

PaggmbegdimEnt;

Fig. 45 iz a diagram illustrating another array example
of page syncs;

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

Fig. 47 is a diagram 1llustrating experiment resulis
regarding in-page error distribution, SER, and SNR, in a
case of appliving the resampling technique according to the
second embodiment;

Fig. 48 i1s a diagram illustrating experiment results
regarding margin properties as to enlargement/reduction of
the image;

Fig. 49 is a diagram illustrating experiment results
regarding margin properties as to rotaticn of the image;

Figs. 502 and 350B are diagrams 1llustrating analysis
results by two-dimensional FFT with an enlarged image (1.1
times) ;

Figs. 51A and 51B are diagrams i1llustrating analysis

results by two-~dimensional FFT with a rotated lmage (5



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-dimensional FFT of an image following Sobel operator
processing; Fig. 57 is a diagram illustrating an image following up-scaling,
subjected to absolute value processing as it is; Fig. 58 is a diagram
~illustrating analysis results obtained by two-dimensional FFT of an image
degg@bjEcted to absolute value processing; Fig. 59 is a diagram for
desgribing phase shift progessing in case 94 filla modiigation ofdhe o
second embodiment; Fig. 60 is a diagram illustrating analysis results
modebtained; by twa-dimensienaki-F Eafan image subjected to absolute
value processing as it is (near X-clock signal - 32 component); Fig. 61 is
a diagrant llustrating aaglysis résultsisistairedimystvwo-dimensional FFT of
an image subjected to absolute value processing as it is (near Y-clock
m0d§§h§@ 6ﬁ$oﬁ§n5?e second embodiment;

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

Fig. 55 is a diagram illustrating 3obel operator

processing results;

51

ig. 56 is a diagram illustrating analysis results
chtained by two-dimensional FFT of an image following Sobel
operator processing;

Fig. 57 i1s a diagram illustrating an image following
up-scaling, subjected to absolute value processing as 1t is;
Fig. 58 is a diagram illustrating analysis results
obtained by two-dimensional FFT of an image subijected to

absclute value preocessing:

Fig. 5% 1s & diasgram for describing phase shift
processing in a case of a fifth modification of the second
embodiment;

Fig. 60 i1s a diagram illustrating analysis results
obtained by two-dimensional FFT of an image subjected to

absolute value processing as it i1s (near X-clock signal

|
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.
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Fig. 62 is a diagram schematically illustrating a technique of
two-dimensional FFT by matrix decomposition; Figs. 63A and 63B are
diagrams for describing an FFT technique according to a seventh
modification of the second embodiment; Fig. 64 is a diagram for
describing a technique for recording information to a hologram recording
medium; 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
COUGHY6TE arfe diagrams illustrating the difference in signal light and
refgence ght betwe na casewi hn hase mask_(Fi ig. 67A,) aqngwa‘ gase
with agphaésl,e mask ( |g I]—'lg% 83 IS a dmaqgranaféf descrllﬁng an
ub@a&%&b{f@m@&%aﬂ@%m&ni@r desgribing-everrsampling; fig £Qisa
diagram illustrating an example of inserting syncs into a hologram page; -
ab 831 Figs. 7d Aand 7 bBare diagramsiiflustratingesimulatiohoresults for
describing non-linearity which a hologram recording /reproducing system
COTge@BRdifg fo the related art has; and Figs. 72A and 72B are diagrams
Illu%tguagpng glagramsd_hagram schematical J_y illustrati ng a
technique of two-dimensional FFT by matrix decomposition;
Figs. 63A and 63B are diagrams for describing an IET
technigue according to a seventh modification of the second

empodiment;

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 technique for
reproducing recorded information of a hologram recording
medium;

Fig. 66 ig & diagram for describing multiplex recording
cf hologram pages;

Figs. 672 and 67B are diagrams illustrating the
difference in signal light and reference light between a
case with no phase mask (Fig. 67A) and a case with a phase
mask (Fig. ©7B);

Figs. 68 is a diagram for describing an aperture;

Fig. 69 is 2z diagram for describing over-sampling;

1
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70 is a diagram illustrating an example of

inserting syncs intce a hologram page:;



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 EMBODIMENTS 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 showing the internal configuration of a

recording/reproducing device 1 c,cordinlgt;ll to_%rlgempod'ment of a et
reﬁrbﬂﬁcin&ﬁ%\l?&éda (f‘o%i?@@toﬁl%@gﬁr%sént*inve“‘lnsti“olﬁé.1 m R, 1 the # -+
resTTYSIUES Of a0 optical ; Systam, areqarding. datg madulating, sygtess, and a

reproducing system, of the recording/reproducing device 1 is primarily

recSheWRand-ether gamponentshave beemomitied from:ihe deavingdnart
this embodiment, a so-called coaxial system is - 34 employed as a

hasholagram recording and reproducing system. With the coaxial system,
ignal light_and reference light are arranged on.the same axis, bath the

si ) .
signaf fight arid theCreferericedlight aFe iadiated o a RGIbgFam Fecsrdmy
zorMpalyn (1M 19 reqid daia yaing aterlerenae:rngesafyl 2 the.Yae.of
repro uctl%n, only the reference light is
sampling rate to a rate other than a multiple of an integer,

and performing amplitude value calculation with Ilinear

interpolation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodimsnts 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 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

165]

reproducing system, of the recording/reproducing device 1 1
primarily shown, and other components have been omitted from
the drawing.

Tn this embodiment, a so-called ccaxial system is



irradiated on the hologram recording medium HM to reproduce the data
recorded 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 a configuration adapted to such a
reflection type hologram recording medium HM. In Fig. 1, a laser diode
(hereinafter may be abbreviated to "LD") 2 is provided as a light source
Lor obtaining a laser beam for recaording/reproduction. A laser diode with
e AR ESBrRAl BscHGE S BBy ad &b e Hbar 64 S  hithh RJeEheth
w2 - 01410 NM. Light emjtted fromthe Jaser digde 2]s transmitied;through,a.
collimator lens 3, converted into parallel light, and then input to a spatial
arelightrnadulatar{hereinafteranay:be abbreviatet4o sStME) 4.1 The spatial the
light modulation which the SLM 4 performs on incident light includes both
ref spatialdight mtensity smodukdiont{hereinafter may be zefefredassimply as
Cintensity modulation”) and spatial light phase modulation - 35
med (HiYelifaftel miay Be feféfted 1o Simply Bs“phase Todulationy New i =©
+rheSPaYAl light modulation performed by the SLM 4. ,signal light and ; .
reference light used for performing data recording to the hologram

irreecording medivmeHN-are.generateds rtiesignaldight isiight whieh hasuce
been affected by the
the data recorded in accordance with the interference

(&3]

ringes. In this case, the hologram recording medium HM in
Fig. 1 is a so-called reflection type hologram recording
medium inciuding & reflection £ilm, and the
recording/reproducing device 1 has a configuration adapted
to such a reflection type hologram recording medium HM.

In Fig. 1, a laser diode (hereinafter may Dbe
abbreviated to "LD") 2 1s provided as a light source for
obtaining a laser beam for recording/reproduction. A laser
diode with an external cscillator is emploved as the laser
dicode 2, with a wavelength of 410 NM. Light emitted Ifrom
the laser diode 2 is transmitted through a collimator lens 3,
converted into parallel light, and then input To a spatial
light modulator (hereinafter may be abkbreviated to “3LMY) 4.

The spatial light modulaticn which the SLM 4 performs
on incident light includes both spatial light intensity
modulation (hereinafter may be referred to simply as

"intensity modulation™) and spatial light phase modulation



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 A3, are
stipulated in the SLM 4, so 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 A2, as
shown in Fig. 2. Across the gap area A3 on the perimeter portion thereof,

(heffs rérentellight AfeaAllis “défined codBntricafly with tha Signal light

dgqe&éghw te that the gap area A3 has been provided as region to avoid

reference light from leaking into the signal light area A2 and causing
neisg; in Figs L the-aperations ofdatensity sodutation-angt phase he sLM 4,
modulation by the SLM 4 are performed under control of an

s 1 gimténsitydphasercontrof ami¢ 12 Whilerspecifiecspatial tightmodulatiofata
operations realized by the SLM 4 and - 36 intensity/phase control unit 12

recgg ahrgmbodirieht WilkB8 "dgscribed Tater it Sistidbe ioted thed The ™2 e

spatial light modulation in this case is no_different from-that accarding, to
Thethselr%?ftgdrla%tgiﬁ Thé”tstr?%%%#alxﬁdﬁf and the %ﬁgteerrlengc“eﬂ% tare ggnerated

i ntatthedime ofrecording, and thattheseference light is generated atithes ,
time of

and the reference light is data used for forming
interference fringes on the hologram recording medium HM by
interference with the signal light.

L reference light area Rl, a signal light area AZ, and
a gap area A3, are stipulated in the SLM 4, so as to enable
generating of the signal light and reference light, as shown
in Fig. 2. S8pecifically, a circular area including the

center portion of the SLM 4 is defined as the signal light

1'13

area AZ, as shown in Fig. 2. Across the gap area A3 on the
perimeter portion thereof, the reference light area Al is
defined concentrically with the signal light area RZ. Note
that the gap area A3 has been provided as region to avoid
reference light from leaking into the signal light area AL
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 1Z. While specific spatial

light modulation operaticns realized by the EBLM 4 and
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reproducing. Light subjected to spatial light modulation at the SLM 4
passes through a relay lens 5, and is condensed so as to arrive at a focal
point at a predetermined position as shown in Fig. 1, following which
diffused light after condensing is input to a relay lens 7 so as to be
converted into parallel light. An aperture 6 is provided at position 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 6 is configured such
that only incident light within a predetermined range from the center of the

It Eaca RS fefanstitted - Atthk tiné of Fe@Stdige tHe diahietdr of tHhe

de s%:lgg%l?“cg hizi;lsc[ﬁeg ,UCJ“? d bé/ r}ggfcg) ety rengt %a%ﬁ%tacr'}%%ves@%‘idaef SEXght
recording. Light which has passed throughthé relay lens 7 passes

modiiieugh.a polarization beam splitter &; andfurther & quarterwavefplate:dng
and then is condensed by an object lens 10 so as to be cast on the

to holegram seeatdmgrmediunm M.t 87 sAptheltime of recondingras
described above, signal light and reference light is generated at the SLM

refpr Abesrding it the finfeoreeoriing tthe Rignal ightHind: Féfefénceligit ¢

_,.are cast on the hologram recording medium HM _hologram recording

et FRI S hecpath Hocontiod S50 5nd Aonstmertye o\

reghterference fringes (diffraction grating,

Light subjected tc spatial light modulation at the SLM
4 passes through a relay lens 5, and is condensed so as to
arrive at a focal point at a predetermined position as shown
in Fig. 1, following which diffused light after condensing
is input tc 2 relay lens 7 so as to be converted into
paralliel light.

An aperture © 1s proviaed at position of the focal
point formed by condensing at the relay lens 5, i.e., at the
position of the Fourier panel (freguency plane}. The
aperture ¢ 1s configured such that only incident light
within a predetermined range Ifrom the center of the coptical
axis 1s transmitted. At the time of recording, the diameter
of the signal light is reduced by the aperture 6, so as to
achieve high-density recording.

Light which has passed through the relay lens 7 passes
through a polarization beam splitter 8, and further a
guarter-wave plate 9, and then is condensed by an object

lens 10 so as to be cast on the holeogram recording medium HM.

|
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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 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 obtained as reproduced light (a reproduced image). The

hologram recording medium HM according to this example is a reflecting
(Y6, ACCOIINGY, e reprodULERr iMigs T TaRmEd B e =, = 9nel

e

1 gfecordingireproducing device 1 side, asseflected light fromithe hologram

recording medium HM, arid upon passing through the object lens 10 and
rcecthem gyarter-wave plate<d, 45 castdptothepolarizationheam splitier Bna
The reproduced light cast into the polarization beam splitter 8 is reflected
refpffottie polakizaticr beamt splitter's: anelguided to-tredinragesensor aL, H
as shown in Fig. 1. - 38 The image sensor 11 has an imagigg device

hoLg(ictTas ACED (Cafte Caliplall Device) ¥enBorr 4 THOS =S 2oves
ana(Gamulementar, Oxide SeriGaCIon sp0ser 1oL example, Wi, ot ing,

receives the reproduced image from the hologram recording medium HM
holgdided thereta as shown:n Fig..k :angreonverts the receiverh Tepredueednsd

image into electrical signals. Accordingly, at
on the hologram recording medium HM. Thus, data 1s recordsad.

Also, at the time of reproduction, the reference lighz
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 tTime of reproducing the diffracted
Ltight corresponding to the hologram formed on tne hologram
recording medium HM 1s obtained as reproduced Llight {a
reproduced image) .

The hologram recording medium HM accerding to this
example is a reflecting type. Accordingly, the reproduced
image is returned to the recording/reproducing device 1 side
as reflected light from the hologram recording medium HM,
and upon passing thrcough the object lens 10 and then
quarter-wave plate 9, 1s cast intc the polarization beam
splitter €. 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 1n

Fig. 1.

- 38 -



the time of reproducing, photoreception signals (image signals)
representing the intensity detection results regarding the reproduced
image (recorded image) are obtained. That is 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 unit 13
reproduces recorded data by performing predetermined reproduced

signal processing and decoding processing on the image signals. The
opérationde&iid E6mpoRent cotfiguPation 6fthe dats fepredtcing uhit 13 C¢0

{cthLﬁgbee_%%§J(§lE)§§ I%j[eexgiggﬁr_%%rzqg lc'ﬂ:g ONIOVE\{’ W%é‘ h@%?{?@emem ax
recording/reproducing system such “as shown in'Fig. 1, fs-Considered to

oz iRR exEemeby difieultto makch-the image;of ipdividugl pixels.of the M 4.
within the reproduced image (also called "data pixels") and the individual
reppigels@at the.image Sensor-lieside {alsoatallet detector pixelstprédisely
Jin a one-on-one manner, - 39 due to problems such as optical distortion
JUiLR entsrgehientfediction rafio and so'forthlfh Gther fofkds, “Eonfigtfifig e

o2 00tical system capable of pixel matching fn such a suictsense s .
unrealizable, forall prac%ca purposes.V\ﬁ fre présen embodi n¥, an
cheassumption willbe-laith: ng, photoreception signals (image
signals) representing the intensity detection results
regarding the reproduced image (recorded image) are obtained.
That 1s to say, readout signals regarding the recorded data
are obtained. The image signals corregponding toe the
reproduced image obtained by the image senscr 11 1s supplied
to a data reproducing unit 13.

The data reproducing unit 13 reproduces recorded data
by performing predetermined reproduced signal processing and
decoding processing on the image signals. The operations
and compenent 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, 1t is considered to be extremely
difficult to match the image of individual pixels of the SILM
4 within the reproduced Iimage (also called "data pixels")
and the individual pixels at the image sensor 11 side (also

called "detector pixels") precisely in a one-on-one manner,



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. 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
(where n > 1) on the image sensor 1 . This over-sampling is performed

due_s?i asitd %581%Sca§é%%ﬁ§reoﬁ%ﬁ§%f the* reprodidedittage occurs in
enl'é‘v é%rrrf! nts smaller thag pﬁ%ﬁ@ be handled as well. For example, inthe

nt that the over-samp rate Is setto 2 x 2 = 4 times (i.e., one data
conBXglWerh of image is-to1be (eceived-ata region of 2 x:2:4 pixelsworih atn
the image sensor 11), an image signal having fourfold resolution will be
sucbutpus frofcthedarage sensoritaThough emitled:-fremideseriptionr with
reference to the - 40 drawings, the recording/reproducing device 1
PUIERGWA in Fig. 1 performs setting of the number of pixels between the SLM

4 god fmads sensor L and adlusment oL e OUEALEYSEM: 11 be 1t

(parficula ment o with such over-sampling. Phase
£ o rModufation-Recordingand Inserioniof Synes As cais be tindgrsteod from

the above description, with
performed; with this understanding, processing 1s performed
to identify at which positions in the image signals obtained
at the image senscr 11 the individual data pizxels are
situated. Over-sampling is periormed to enable such data
pixel position identification in an effective mannex.

As can be understood from the description of Fig. ©9
given earlier, this over-sampling is performed by receiving
one data pixel worth of image at a region of n pixels worth
(where n > 1) on the image sensor 11. This over-sampling 1s
perfermed so as to enable cases where shifting of the
reproduced image occurs in increments smaller than pixels to
be handled as well. For sxample, in the event that the
over-sampling rate 1s set to 2 x 2 = 4 times (i.e., one data

pixel worth of image 1s 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
sensoxr 11.

Though omitted from description with reference to the



the recording /reproducing device 1 shown in Fig. 1, the diameter of the
signal light is reduced by the aperture 6 having been provided, thereby
achieving high-density recording in accordance with reduction in the area
occupied 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 which can be recorded on the hologram recording medium HM.
drajihdthe p*f@é‘erﬁ%‘ﬁﬁ’dﬁﬁ%ﬁﬁ%ﬁ? SR Bddition’te h%h J‘dﬁéﬁ”ﬁsflty ‘?&?d%ﬂmjgr Fig.

relating to reduction in tt% area occupied by a hologram ith t
p'\‘%ray.%)errture% 7%héusf‘i ngrlig ﬁ IS prc?\l?ldg% v%tk?y as%smg%%ula%on 0 g EE

and Nfbipans@ndom phasepatiern) as with the,phase. W@E%Ll@gld%@%ip@ﬂ

earlier with reference to Fig. 64, thereby suppressing the DC component
{ pagenerated-dtithe dimesofsignaldight being) cast ton thediologram secardingy .
medium HM, whereby multiplexed recording of hologram pages can be
Phar%%h%é“djﬁﬁd FecodingC o AddBAsiBFiMproved Wik the pragent

rr$od|mentbhghase modulat Aor%corres%ondlg%to th phase mask for

alizing~ suc hlg?] density Tecording by muitipléxed recording is with

= neperformed: by the- SkM 4y Fig -3 isia diagram primagly ilustrating the e

internal configuration of the SLM 4 and intensity/phase control unit
diameter of the signal light is reduced by the aperture 6

having been provided, thereby achieving high-density
recording in accordance with reducticn in the area occupiled
by a hologram page on the media. It should be noted that
the fTerm "hologram page” and means the same thing as
interference Ifringes 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
which can pe recorded on the hologram recording medium HM.

With the present embodiment, in addition to high-
density recording relating to reduction in the area cccupled
by a holcgram page with the aperture &, the signal light is
provided with phase modulation of "0" and "n" (binary random
phase pattern) as with the phase mask 10Z described earlier
with reference to Fig. 64, thereby suppressing the DC
component generated at the time of signal light being cast
en the hologram recording medium HM, wherepby multiplexed

recording of holcgram pages can be reallzed and recording



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 the SLM 4. As shown in Fig. 3, the
SLM 4 has an intensity modulator 4a which performs intensity modulation
to generate the above-described signal light and reference light, and a
phase modulator 4b which subjects the light subjected to intensity
~modulation by the intensity modulator 4a to phase modulation, With the
dengidsant BRgodiHent, Atrahsmissive Siglid cRStal prhel capablé of phase
noaPEAMAllon vRrAble, I, grements ALpIgls s Used fordBe PRASE : i ng
modulator 4b. A Tiquid crystal panel capable of such phase modulation
sucvanable inincrements-ofpixels €apbeveatized by an internablieuid i s
crystal device having a configuration based on the idea illustrated in Figs.
perdAand4B.Figh4ASilltisttates the state of liquid crystal molecules with no
driving voltage applied to the liquid crystal device within - 42 the liquid
crystal panet fi.e%, & SE#& Wheré tHé riving -voitibe’is off), “ard'Figh 4B 74+

conltiSliates g state ol e, iguid erystal maleaes Wi aredstarainetn; «
ar‘l\nng vojltage appTieg to the liquid crystal device (i.e., a state where the
12 diving veltage is:on). As canbe seen freaethese drawings; the Jiquidorn g

crystal molecules exhibit horizontal
with the laser diods 2 and hologram recording medium HM are
illustrated light emitted from the laser diode 2 and guided
to the SILM 4, and light guided to the hologram recording
medium HM via the S1IM 4.

As shown in Fig. 3, the SILM £ has an intensity
modulator 4a which performs intensity modulation Lo generate
the above-described signal light and reference light, and a
phase modulator 4b which subjects the light subjected tc

intensity modulation by the intensity modulator 4a to phase

=

moduiation. ith the present embodiment, a Lransmissive
liguid crystal panel capable of phase modulation variable in
increments of pixels is used for the phase modulator 4b.

A licguid crystal panel capable of such phase modulation
variable in increments of pixels can be realized by an
internal liguid crystal device having a configuration based
on the idea illustrated in Figs. 4A ancd 45. Fig. 4A
illustrates the state of liguid crystal molecules with no

driving voltage applied to the liguid crystal device within



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. 4B. Now, expressing the
refractive index of the liquid crystal device as n, and more particularly the
refractive index when in the horizontal orientation due to the driving
voltage being off as "nh" and the refractive index when in the vertical
orientation due to the driving voltage being on as "nv", and the thickness
of the liquid crystal device as d, the amount of change in phase provided

thewhefitthe divingt voltage' sloff s 8 x nfi”, andthie Anidint 'of théngd i<

o1 phase provided Whe”éh%wdQVi”Q%’OJt?QSs!% 0is d x v . pccordingly, the

pﬁgge itference And which can e"provided by on/off of the driving

11gveltage-isexpressedy.And =d xints dxBe=As sanbeunderstoed from
this relational expression, providing a predetermined phase difference in
volincyementsicfepixets darebé realizeddyvadjasting:thecthickness d of theate
43 liquid crystal device. The phase modulator 4b according to the present
whegfmblodimeRtiE Sef sich that the phase diffefénceBnd's if Sfor exahipld,ese
by adjustipg the thickness d of the liquid. crystal device. .Thus, drivin ;
dra{%l?éggge( sv?n ghc?vjég%f‘ gnl%?ﬁ/lsstgéﬁfén?on%cf for %S‘écﬁ%k&gf ,J"tﬁe?e%ylezr?aﬂﬁi%f;
orilGMPhase in the state with the driving voltage off shown

in ¥ig. 4A, and the liguid crystal moiecules change to a
vertical orientation in the state with the driving voltage
on shown in Fig. 4B.

Now, expressing the refractive index cf the liguid
crystal device as n, and more particularly the refractive
index when in the horizontal orientation due to the driving
volﬁage being off as "nh" and the refractive index when in
the vertical orientation due to the driving voltage beilng on

1

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 1s "d x nv".
Accordingly, the phase difference And which can be provided
by on/off of the driving voltage is expressed by

And = d x nh - d x nv.

As can be understood from this relational expression,
providing a predetermined phase difference in increments of

pixels can be realized by adjusting the thickness d of the



modulation with the two values of "0" and "n". 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 "n" by controlling the driving voltage level in steps to the
predetermined level. For example, a modulation with a phase "7/2" can
be realized with a driving voltage level of 1/2 that of the above
predetermined level. Returning to Fig. the SLM 4 is configured with the
~ phase modulator 4b, capable of performing phase modulation for each
L1apixe|, formmed intégraly With the intensity modulator 4a. That is to say, the
intensity modulator 4a and the phase madulator 4b_are integrally, formed
Such thal ‘8ach bf (16 Bixel5 of hé eSS modtlator 2 and sach of the
empRiXelsofithe phase medulator 46 match n fange N OneeR-oRkd = =,
positional relation. Such a structure allows phase modulation to be
forperfarmedt onithye lightwhich ds tddecbmeithe sigral dight-awed refarencte
light obtained by passing through the intensity modulator 4a, with a phase
CrVSAA ImPaAUREEn patieht strictly Fdtehikgif fitfemBnts i pigels O Note / o< £
. that with the present example, the reasan that the phase modulator 4b
+S gapablé %?@aﬁéﬁe%%gge%c}){fuﬂéﬂgr% %r?r?c\{er%%ﬁ%qéfn meefl)é ?SL lséd for
nodRase modylation. as a. phase, mask, isas-fglowsAtthe time of
recording, the signal light is subjected to phase modulation with the
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
gsteps from "O" to "n" by controlling the driving voltage
level in steps tc the predetermined level. For example, a

modulation with a phase "r/2" can be realized with a driving

.

voltage level of 1/2 that of the above predetermined level.
Returning toe Fig. 3, the SLM 4 is configured with the
phase modulator 4b, capable of performing phase modulation
for each pixel, formed integrally with the intensity
modulator 4a. That is tc say, the intensity modulator 4a
and the phase modulator 4b are integrally formed such that
each of the pixels of the intensity modulator 4a and each of
the pixels of the phase modulator 4b match in range in a
one-on-one poesitional relation. Such a structure alicws
phase modulation to be performed on the light which is to

become the signal light and reference light obtained by

passing through the intensity modulator 4a, with a phase
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binary random phase pattern of "0" and "n", in line with suppressing he DC
component as the phase mask, but with the present embodiment, at the
time of reproduction, all pixels within the signal light area A2 have to be
provided with a predetermined phase (specifically, phase modulation of
"027 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 A2 have to be capable of being switched
Qﬁtvxie,en when recordinqéand hen re Eo.ducing, and accordingly, t}%e el
oAk ade Hodilator 4b capable ofvaliable phase Moddiafich hasto Be FH*<+°-
usgd.Also, with, the jpresent emhodiment, at the.time;of recoding. 8.« cne
predetermined data pattern called a "sync" is inserted in the signal light,
pheafollominga predetermined= racording fermato Spegifieally, mithithet ion in
recording format according to the present embodiment, the syncs are
incingered sinthersigital fighttareasA Avtpredetetmifetsdaibistant pixek
intervals, More specifically, the size of each sync - 4% in this caseis4 x4
é’?@a@ f

Phagikel $jncs aré placBd =t Predetermmed in Tsper i both the©
s1gfigrizont hg”%ﬂ%%ﬂ%X%@i&ak%ir%rﬁigé‘ew%%ﬁ%@%ﬂ' light areg A2

(see Figs. 70 and 10), for example. Syncs, such as described earlier with
binteferenge do:righ ZQcareused:for ientifying:the position of data<pixels in
suppressing he DC component as the phase mask, but with the
present embodiment, at the time of reproduction, all pixels
within the gignal light area AZ have to be provided with a
predetermined phase (specifically, phase modulation of
"n/2") in order to add coherent light, which will be
described later. From this perspectlve, with the case of
the present embodiment, phases provided to the signal light
area A2 have to be capable of being switched between when
recording and when reproducing, and accordingly, the phase
modulator 4b capable of wvariable phase modulation has to be
used.

Also, with the present embediment, at the fime of
recording, a predetermined data pattern cailled & "sync" 1s
inserted in the signal light, following a predetermined
recording format. Specifically, with the recording format
according to the present embodiment, the syncs are inserted
in the signal light arez AZ at predetermined eguidistant

pixel intervals. More specifically, the size of each sync

i
N
n

i



image signals regarding the reproduced image obtained at the image
sensor 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 control unit 12 shown in Fig. 3
controlling the intensity modulator 4a and the phase modulator 4b of the
SLM 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.

in Efde abfietimé of récordifiy’ fecording dHia shown” i Fig-1 i< input to
prefieencoding,unif 15, and this recording data is subiecied 10,5 s ont 21

predetermined recording modulation encoding processing following the
d1 reecording Sfermat For example,-as-a cammanlywsed spatseeade inght
hologram recording/reproducing, 1 byte (8 bits) of recording data is
areeorertéesnatord square’blockishaped data &rayofi4 -x 4 = 16 bits. This 4
X 4 = 16-bit data array is called a 46 "symbol", and s the smallest

incrément of Téthrding L6~ Abife fimé of Fécdiding, Tiie mapping anit 169

arrays the data enc at the. di it 15.in the signal light . area.,
70’Af%loﬁﬁéﬁtheor*ec%%g%g%%’gltgc&qt%z %%1% thler:gItlmez(i}ppirﬁigg u%;i'?%m 5

imaifsers thesahovesdaseribed synes ot the predetermingd intervaliispert the
following the recording format.
image sensor 11 when reproducing.

The above-described phase modulation as a phase mask,
and signal light generating operations following a recording
format, are reazlized by the intensity/phase control unit 12

hown in Fig. 3 controlling the intensity modulator 4a and
the phase modulator 4b of the SLM 4. 1In Fig. 3, the
intensity/phase control unit 12 includes an encoding unit 15,
a2 mapping unit 16, an intensity modulation driver 17, a
phase modulation pattern generating unit 18, and a phase
modulation driver 18.

First, at the time of recording, recording data shown

“

ig. 1 is input to the encoding unit 15, and this

rri

in
recording data 1s 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 sguare block-shaped data array of 4

x 4 = 16 bits. This 4 x 4 = 16-bit data array 1ls called a



Due to this mapping processing, one hologram page worth of data pattern
is generated. The mapping unit 16 performs such mapping of data to the
signal light area A2, and also sets predetermined pixels in the reference
light area Al to "1" and other pixels to "0", and further generates a data
pattern wherein 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 of all valid pixels of the intensity modulator 4a
gécgmbi%this da\%a pattern with the data pat;eranithin th%si nal light
AA2. dafa pattern st bl Valid pixelS OFthe infensity thodtiator 4 -
by thus generated is-supplied fo the intensity., moduylation.driver 17 and
the intensity modulation driver 17 performs driving control of the pixels of
< hethedntensity onedulator-4a:based-an this @ata: patternn Acterdingty,dight i ght
serving as the base for signal light that has been subjected to intensity
aremobidlafion inatterdante Withrthelpsiters racebrding to THe fecotding the
data, and further light segvingr,- 47 as the base for signal light that ha:
maPBes stblbtetdo eSS mBGURRGH F1 ACrdancewil &os ot -Pe

prepfdetermined pattern. are geperated. Alsg, atihe time ofrecording, the . ¢ |

intensity/phase control unit 12 performs operations for driving control of
nuethedntensity mosulatgr da-anrd alsedpertormsroperations ot ge worth of

"Sy

data pattern is generated.

The mapping unit 16 performs such mapping of data to
the signal l1ight area AZ, and also sets predetermined pixels
in the reference light area Al to "1" and other pixels to
"YW, and further generates a data pattern wherein the gap
area A3 and portions outwards from the perimeter ci the
reference light area Al are all "0", and morecver generates
a data pattern of all valid pixels of the intensity

modulator 4a by combining this data pattern with

ct

he data
pattern within the signal light area AZ.
The data pattern of all valid pixels of the intensity

modulator 4a by thus generated 1

933

supplied to the intensity
modulation driver 17, and the intensity modulation driver 17
performs driving control of the pixels of the intensity

modulater 4a based on this data pattern. Accordingly, light

serving as the base for signal light that has been subjected

ot

to intensity modulation in accerdance with the pattern

accerding to the recording data, and further light serving

- 47 -



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 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

a5 TothdHhast Modliafid pattéihto BerletTortheeteratte ight ards Al
int%;ntﬁ%y ageMedylagor 4, TQSc%{'}fé&nVE%dVJE‘H%” rgaafg@@d%%egﬁ!ﬂ ng ynit

. generates a phase modulation pattern fo valid pixels of the

patpBase medulater4h-by €embining the phase modulation patterns for the
signal light area A2 and reference light area Al generated in this way
(canitrob patternshef comesponding pixels) oAt thissticha [ pixelstotherthan
those in the signal light area A2 and reference light area - 48 Al can be

condditd dvalle corrBERSNGIRG t& e pihass 0" Hfor %rﬁﬁl@gTﬁgrb%ﬁgé of
fhemgdgIartlioné(:j)fttr%régea%%a;e% in thcjﬁ'ﬂ(‘j’%[ag 1‘%5“;?8%%%%@3 NAse. . ons for
- y iver 19. The phasé moc i

modlation e phase modulation driver 19 performs driving

driComepl ofithe pixels of the phase-medulater4b-based on the phase
modulation pattern supplied from the phase modulation

Now, the phase modulation pattern generating unit 18
generates a phase modulation pattern to be sat within the
signal light arsa AZ 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 modulaticon pattern
serving as the phase mask, has a blnary random phase pattern
set. RAlso, the phase modulation pattern generating unit 18
generates a predetermined phase modulation pattern as the
phase modulation pattern to be set for the reference light
area Al of the phase modulator 4b.

The phase modulation patiern generating unit 18 then
generates a phase modulation pattern for all vallid pixels of
the phase mocdulator 4b by combining the phase modulaticn
patterns for the signal light area AZ and reference llght
rea Al generated in this way {(control patterns of
corresponding pixels). AL this time, pixels other than

these in the signal light area A2 and reference light area
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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 is performed regarding the
reference light as well. The output image of the intensity modulator 4a and
the output image of the phase modulator 4b obtained in accordance to
the operations of the intensity/phase control unit 12 when recording,
described above, are the same as those described earlier with reference _

A1 {Figet6 TR and 75, “Phatis t6 Say A Show in-Fig-B7ATd pattern array
e DIIS "00800 L. I3 oblained yitun the. sigaallioht prea.0g for he gutpul o,

Image of the intensity modulator 4a. Aiso, for thereference light area Al,

is intensitysnodulation is; perfermed based on the predetermined pattern of
"0" and "1", thereby generating a pattern of "0" and "1" as shown in Figs.
67Arend>67ZB sAlsogdas fdrithe oltputdmage of the phase modulater gbntrol
49 "0", 1" it can be seer, that "+!", and "- are randomly generated within

of {hessignaitight area RS aR"SHoW iG> B7A, ttie'td PRasE modifiatfif 5
mo d%eii%Q ip(%ergfo&[)(ggg Or”nthguf%uéﬁl;{te &m%%e%gs &%h%%?a@és%&o‘%‘léh@ ipgensity

modulator 4a such as shown in Fig. 67A. Also, predetermined phase
patMOdHlatioNerating unit 18. Thus, phase modulation can be
performed with binary random phase patiern serving as a
phase mask on the signal light ultimately output from the
SILM 4, and also, light phase mocdulation by a predetermined
phase modulation pattern 1s performed regarding the
reference light as well.

The output image of the intensity medulator 4a and the
output image of the phase modulator 4b obtained in
accordance to the operations of the intensity/phase control
unit 12 when recording, described above, are the same as
those described earlier with reference to Figs. ©7RA and 67B.

That is to say, as shown 1n Fig. ©7A, a pattern array oI

bits "0" and "1" is obtained within the signal light area AZ

for the output image of the intensity modulator 4a. Alsc,
for the reference light area Al, intensity modulation 1s
performed based on the predetermined pattern of "0" and "1V,

thereby generating a pattern of "0" and "1" as shown in Figs.
67A and 67B.

ARlso, as for the output image of the phase modulator 4b,



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 earlier,
which will be touched upon here. At the time of performing multiplexed
recording, multiplexed recording of hologram pages is performed by
continuously changing the patterns of reference light (intensity and
phase) each time when recording. Also, at the time of reproducing

recording multlplexeg h,QIo_gram ages, s tting, the reference Ilght pattern
it fﬁtén%ety And'| phase)to be tHe s%rﬁe pagern as when, recording ing, Hllows

genitended hologram .pages;tobe read put selectively. Coherent-Additian As

described above, a hologram recording/reproducing system according to
¢7athedgretated arthwbichrondy:ireadiates reference light-when teprodacingigut

non-linear, in that the image sensor which obtains image signals )
imapsyarding thareproduced indge doss Adtidetect phasednformation.aTHig Ch

problem of non-line mea that W|th 50 recordln re roduci
25 SUEM adtordifg t %I’% relgtg Auirt, Pihe Speriure size % %rmmec?%l?ﬁ'wn
%‘é?@é%&raf@mﬂwg region.of incident fight at-the aperture@) can only

e reduced so far, so it has been considered difficult to realize
t hehighsdensity reeardingrto-a holpgeamaecerdings "+1", "0", and "-1"
which can be confirmed here,

Multiplexed recording of hologram pages has been
mentioned earlier, which will be touched upon here. At the
time of performing multiplexed recording, multiplexed
recording of hologram pages is performed by continuously
changing the patterns of reference light (intensity and
phase) each time when recording. Alsoc, at the time of
reproducing recording multipiexed hologram pages, setting
the reference light pattern (intensity and phase} to be the
same pattern as when recording, allows intended hologram
pages tc be read out selectively.

Coherent Addition

As described above, a hologram recording/reproducing
system according to the related art which only irradiates
reference light when reproducing is non-linear, in that the
image senscor which obtains image signals regarding the
reproduced image does not detect phase information. This

problem of non~linearity means that with
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medium HM. 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 beyond a predetermined level, so consequently, it has been
considered difficult to improve the data transfer rate when reproducing.
The present embodiment aims to deal with this problem by enabling
linear ri?dout, enabling further reduction in the a{;)ertu e size, and .

|

T e O MO BT firhEr FEdRtiBN i tHe BYer-Sampiing rate ~Withithe”
+ nePrEseRt embodiment, such.lingarreadoutis realized by irradiating

coherent light along with the referencé light at the time of reproducing.
+raGoeherent fight- means light whereisrihe amplitude-and phage areaysifdrm.can
Specifically, the term "coherent light" as used with the present
onlembedimentandanslightof wiich thé plhaseeisithe csumeé phasSe asthe cult
reference phase within the reproduced - 51 image obtained from the |
Lo REBGram reécotirgThadiuin ERE T 2bE8rdahce withirradition ot <+ e
medneag{e%e light, and of which the intensity is set so as to be greater than
the absolute value of the minimum amplitude of the reproduced image.

Note that herethe term deferenee phage withinetheoducing system, an

arrangement wherein at lLeast

over-sampling rate > aperture size

helds has to be realized due to the Nyguist sampling
theorem, and this restriction on apserture size means that
the over-sampling rate 1s not reducible beyond a
predetermined level, so conseguently, it has been considered
difficult to improve the data transfer rate when reproducing.
The present embodiment aims to deal with this 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 irradieting coherent light along with the

H

eference light at the time of reproducing. Coherent light
means 1ight wherein the amplitude and phase are uniform.
Specifically, the term "“coherent light”™ as used with the
present embodiment means light of which the phase 1s the

same phase as the reference phase within the reproduced



reproduced 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 performs 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 recording and th odtLher regions are all "0", and.the intensity
~e %d?ﬂba"t%%\nc?r(lj\?e‘r Jﬁlcgﬂpe"r oerm?éO NG %oﬁtr&go%%%g %ix%?sgjb?%ﬁténsity

acchRdylator 4a pased onfhis-data pattemn.  With-the presertt embedimentn i cn

" light is also passed through the signal light area A2 as well, thereby
thegenerating cgoherentlight withsuniformelight dntensity: iSpecifically lthe Lute
mapping unit 16 sets the reference light area Al to the "0" and "I" pattern
valtfe sdmélas thé ntimerof #8ordingland fuither geteraesEdataattern

wherein the entire region of the s%cana,lrll ht area A2 Is set - 52 toa

prodatErmingt VATUE other than “0" and alf Gther Te§ions aré setto 0™ <

rep FUIS Hala paftern.is sypplied tg, éhgﬂ%esk&vﬁm&)damgnﬁw 17rNow, gt =

the intensity modulator 4a, the transmissivity is changed in accordance
beawith #he diving waltagedevelicfition by phase "0" having been
provided.

In order to generate such coherent light, the
intensity/phase control unit 12 shown in Filg. 3 performs the
following operationg at the time of reproducing. Note that
in the description above, at the time of reproduclng, the
mapplng unit 16 within the intensity/phase control unit 12

q

generates a date 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 "0V, and the intensity
modulation driver 17 performs driving contrel of the pixels
of the intensity modulator 4a based on this data patiern.
With the present embodiment, light i1s alsoc passed through
the signal light area A2 as well, thereby generating
coherent light with uniform light intensity.

Specifically, the mapping unit 16 sets the reference
light area Al to the "0" and "1" pattern the same as the

time of recording, and further generates a data pattern

wherein the entire region of the signal light area RZ 1s set



each pixel. That is to say, instead of binary values of "0" or "1", the

transmissivity can be changed variable from "0" to "I". 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 "1" 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". In_the evenf that a predetermined value
to 8tk%3f?f$§r¥ "07is"assigned’ faror?f‘t%%rmgeﬁﬁﬁgnugit 16'as %%J”dé)tn]é%p%}ftern
regViihin the signal lightarea A2y thespixels.within the signal light,area-A2 of

the intensity modulator 4a are driven at the driving voltage level
+heCorespending i that ¥alue-byithey stensity modulation driver 17. That is

to say, coherent light can be obtained with an intensity corresponding to

thélaralue assibhed from:the-mappifiguiiitrs Rithintthe sigridl Sight area ©v
. A2. Thus, the intensity of coherent light can be variably, - 53 set b .
S GAI0BE SRt withithe Signki Tight-drea A2 by the Hapgping thit 1&‘@‘%% o
eacficearding to the desciption made anpve,, a.condition gt thejatensity gt vy

coherent light is to be a value greater than the absolute value of the
oxr minimun carplitige Of therreprodueedbimages Areintensity satisfyingom "0

tO !l“l\!'!
In accordance with this, the intensity modulation

driver 17 drives the relevant pixel at a driving vocltage

-

level wherein the light intensity 1s maximum in accordance
with "1" supplied from the mapping unit 16 (for exampie, in
the case of 256 steps, a value correspending te "255"), and
drives the relevant pixel at & driving voltage level wherein
the light intensity is minimum in accordance with "0". In
the event that 2 predetermined value other than "0" is
assigned from the mapping unit 16 as the data patTern within
the signal light area AZ, the pixels within the signai light
area A2 of the intensity modulator 4a are driven at the
driving voltage level corresponding toe that value by the
intensity modulation driver 17. That 1s to say, coherent
light can be obtained with an intensity corresponding to the
value assigned from the mapping unit 16 within the signal
1ight area AZ.

Thus, the intensity of coherent light can be variably

H
on
[ %)
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this condition can be obtained by obtaining a value satisfying the above
conditions as the result of experimentation regarding the values set at the
mapping unit 16 beforehand and the intensity of coherent light obtained
thereby, and assigning this value to be set within the signal light area A2.
Fig. 5A schematically illustrates an output image of the intensity
modulator 4a obtained based on reproduction operations of the mapping
unit 16 and intensity modulation driver 17 as described above. With Fig.
5A, amplitude of "1" is represented by white and amplitude of "0" is

5€ tréf)Yesvégr)ﬁélﬁ By Bk’ Bhd dtcofding t6'tHe abdve detription itGanbe
ma p&%'ld{%;rs@f?g%h%tf‘ e;ﬁﬁg;_na&wggt:%rfgdo‘%ga@%@ 't%é@@ﬁ 9%{) {q% §|9H§Lj@ h_ébove ;

area A2 being driven by a driving voltage of a predetermined level. In Fig.
a coAda ease i shews wherelnsthe valde ebtherentire signat light areaA? is

"1", so the entire region of the signal light area A2 is white. Also, the "0"
valamd tEgssettern, thersanie asiwithithescase ukreebrding, iv obtdined for

the reference light area Al. - 54 Also, in Fig. 3, at the time of recording

amnhb Bt bpératioh 16 iR peffofined at the PRASE modufidtion® =Y +1:9
£ 1RALEIN generating ynit 18, That 1§ 1o,sy, the phase modulation pattern

generating unit 18 generates a data pattern for the reference light area Al
satQfdhe phasene avove conditions as the result of
experimentation regarding the values set at the mapping unit
16 beforehand and the intensity of coherent light cobtained
thereby, and assigning this wvalue to be set within the
signal light area AZ.

Fig. 5A schematically illustrates an output image of
the Intensity modulator 4a obtained based on reproduction
operations of the mapping unit 16 and intensity modulation
driver 17 as described above. With Fig. 5A, amplitude of
"1" is represented by white and amplitude of "0" 1s
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. 5A&, & case 18

shown wherein the value cof the entire signal light areas AZ

i)

(

is "1", 30 the entirs region of the signal light area 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.



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
phase modulation pattern generating unit 18 then combines these data
patterns to generate data for all valid pixels of the phase modulator 4b,
and supplies this to the phase modulation driver 19. The phase modulator
4b also is configured so as to be capable of driving each pixel variably in
acgordance with, the driving voltage level, the ith.the i ity
m(‘%)“ Ulator 4a. ?ﬁ at is%:(') s%g, ﬁ%égpr?als%eleca%gbers \%grzl%kﬁz w& ak’n%ged%?(?r% 88_ e
opell: ™ dor eachepixel,in-ageordange with: the-driving veltagelevek i on
Accordingly, the phase modulation driver 19 is also configured so as to
patddve egelm<ofdhe pixels: 0f theSphastEmodulatordbsatya driving violtage
level at a value from "0" to "1" (in 256 steps, for example) from the phase
modmgtulationdFatietn ‘YeReratingtunit 181.%€hé eveRtGHitirfefinthed Sighal
ight area A2 with a predetermined value in accordance with a data
lﬁ%ﬁ@‘rﬁ aénzé%?ecf Eg he phase ﬁ%%laiﬁtf%%ap;%?erﬁ Lge%é?at%%augn%t 18 -
mod22 a$,desgribed above, the phase modylation-driven 19kivesribeixels « 1
of the signal light area A2 of the phase modulator 4b at a driving voltage
t heleveheortespondingiton thataatu et sccordingly thesphasefof thé ceheremta L

light obtained by passing through the signal light area A2 can be _
light area A2 a data pattern wherein the entire region 1s

pat

filled in with a predetermined wvalue. The phase modulation
pattern generating unit 18 then combines these data patterns
to generate data for all wvalid pixels of the phase modulator
4h, and supplies this to the phase modulation driver 19.

The phase modulator 4b also 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 "r" for each pixel, in accordance with
the driving voltage level. Accordingly, the phase
modulation driver 19 is also configured so as to drive each
of the pixels of the phase modulator 4b at a driving voltage
level at a value from "0" to "L1" (in 256 steps, for example)]
from the phase modulation pattern generating unit 16.

In the event of filling in the signal light area AZ
with a predetermined value 1n accordance with a data pattern

generated by the phase modulation pattern generating unit 18



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 the reference phase within the reproduced
image", in the event that the phase of a pixel to which modulation of
phase "0" has been provided by the phase modulator 4b at the time of
recording is such that reference phase = "0", the value of the phase to be

as gr%vclg:e%tgﬁ% coherenthll (W|th|n Qli% sllgnal “Qh&@e@ @2} l%y lves

hase mo b’ should B e /2" The reason that phase modulation

+he ObiiU2Y 1S re;r@vwlﬁ@ to:thecohereptdightis-asfollews: \A@thdﬁemogram
recording /reproducing method, a phenomenon occurs wherein at the

modtime-ofrcasting a referenge tightron ashptograme recardirgsmediim #M to
obtain a reproduced image, the phase of the reproduced image sh|fts

th aﬁoﬁ@ﬂweephas%cﬁ%@ll‘e%efdmé Bfgrial By #/2 (se RoGEIRKE B Eoup

6 theoré for théck hologratm ratlng" Bell S ﬂ% stem Techr}&al
a

; can be
Obt;%ﬂlﬁ%l 48,2909 fom s point we can see that the reference

varPhas %Wét@ﬁ the reproduced image-doesiot remain gt Qfhut g shifted
by and accordingly the phase to be provided to the coherent light
valshould be set to "7t/2" as

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 ﬁsame
phase as the reference phase within the reproduced image"
in the event that the phase of a pixel to which modulation
of phase "0" has been provided by the phase modulator 4b at
the time of recording is such that

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

The reason that phase modulatiocon of "n/2" 1s provided
to the coherent light i1s as folleows. With the hologram
recording /reproducing method, a phenomenon occurs wherein
at the time of casting & reference light on a hologram
recording medium HM to obtain a reproduced image, the phase
of the reproduced image shifts from the phase of the

recording signal by mn/2 (see Kogelnik, RH" Coupled wave



well. Accordingly, at the time of generating coherent light, modulation of
phase "n/2" should be provided to each pixel within the signal light area
A2 by the SLM 4 (phase modulator 4b). In order to provide such
modulation of phase "02", "0.5" (in the case of 256 steps, a value
equivalent 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 qperatjons of the phase fnodulation pattern generating_ .
B GR 1B piAse MOJLTANGH GFver 25 désciibed sDove N tat 1y B

SourBa@Mpliiude of 5t1is repressnted by white .amplitude,0f Qe i hat tne
represented by gray, and amplitude of "-1" is represented by black. Due
refto-the-eperatiens of theiinterisity/phase contral undd2 assdesctibedremain

above, at the time of reproducing, along with the reference light, a
at eoferentlight isalso: edston the' Rblograr récordifgimediant MM fhsse to

coherent light having a phase which is the sam the reference, - 57,
be Brade Withinfhe Teprodticelimage Rt arf ?h?@r?éﬁb ﬂt'-)% 7o

SityWhitfi is ‘greafer than

we1the absolyte valye of the minimum.amplifude of, the referenceimage: 1 ght,
That is to say, with the present embodiment, which a reproduced image is

modobtained, corresperdingo the dataregorded-en theihelogramn secordings 1

within the signal light area AZ by the 3SLM 4 (phase

medulater 4b).

In order to provide such modulation of phase "m/2",
"0.5" (in the case of 256 steps, a value egquivalent to
"i27") is assigned as the value within the signal light area
A2 by the phase modulation pattern generating unit 18. For
reference, Flg. 5B schematically illustrates an output image
of the phase modulator 4b obtained by coperations of the
phase modulation pattern generating unit 18 and phase
modulation driver 19 described above. Note that in Fig. 5B,

amplitude of "+1" 1s represented by whit

4

, amplitude of "0O7

-

is represented by gray, and amplitude of "-1" 1s represented
by klack.

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

light having a phase which 1s tThe same as the reference



medium HM by irradiation of the reference light, on the other hand,
following coherent light being cast on the hologram recording medium
HM, this coherent light is guided to the image sensor 11 as reflected light
along with the reproduced image. 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 readout signals regarding the component wherein

pha_ﬁ?e Eotietent Iight hlégpp%%?}uﬁa e(ﬁ_@ﬁ?e Pé})?o&]ﬁbe]dq%@e{ﬁ%?ﬁfgs‘f & 7°
orelibstrate a reproduced image fallowing having performed.addition of, 4. ¢

coherent light as described above. Fig. 6 shows a case wherein the
theadditien ameunt:ef coherentdight is .4 (base +.0.11), and Fig-o=shows a
case wherein the addition amount of coherent light is 1.0 (base + 1.0).
embNdtenthat thegeldingrams Hustratesthelamplitude of ke regréduced image
in terms of light/dark, with dark colors representing small amplitude and

COTfigtitedicts 158 TepreSefting great anipiituds’ With reféréteets these = 129
med%ﬁgviiggis'bvgfe %%Qi&%tﬁgto% hapterq in aceardance with the recgrding,,

properly obtained In the reproduced image in the case of adding
oththe geherent ight-as well.cEhat-is te say,crepreducedimagesn the
hologram recording medium HM, this coherent light 1s guilded
to the image sensor 11 as reflected light along with the
reproduced image.

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 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 coherent 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
wherelin the addition amcount of coherent light is 1.0 (base +
1.0). Note that these diagrams l1ilustrate the amplitude of

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

colors representing small amplitude and light colors
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properly reflecting the recorded data is obtained in a case of performing
coherent addition as well. Also, comparing Figs. 6 and 7, it appears that in
a case of greater addition amount of coherent light, the 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 proportionate to the addition amount of coherent

light. Thus, in the case of irradiating the coherent light along with the

reference light at the time of reproducing, the image sensor 11 can be
TePIRHR5 PeFfoPm TR AdBUFof the “éomponent where coherent light has

begn.added fg the Tepraduced image . With the present erbodiment, an

operation is performed wherein the square Toots of the values making up
pattherdmage signalsiarecaleulatedforthe-readquhsignalsLimage sigpals) v

for the reproduced image to which coherent light has been thus added,
obtand tive comporentoficoherant lightise removéd frorsthesquareifoat the

calculation results. Remaval - 59 of the coherent light component is

cohgredificatiy performetity” subtraétingthe VaIGE 8F interisity ot Addeg  ~m29¢
or TSN o e v S S o A U e oo
of imageisy0:{Y & andthatithedatensity, ot theye11 .

Also, comparing Figs. € and 7, it appears that in a
case of greater additicn amcount of coherent light, the
center of overall contrast 1s lowered, having besen shifted
to the wnite side. This shows that the amplitude of the
reproduced image can be uniformlvy amplified over the entire
region, in proportionate to the addition amcunt of coherent
light.

Thus, in the case of lrradiating 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 addad to the
reproduced image,

1th the preseant embodiment, an operation is performed

-ty

wherein the square rocts 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 cailculation results. Removal



coherent light is set to 0.1, which is greater than the absolute value 0.078
thereof, this value 0.1 is subtracted from the square root calculation
results. Now, description will be made regarding realization of. linear
readout by removing the coherent light component from the readout
image signals of reproduced image + coherent light, by performing
square root calculation and removing the coherent light component from
the square root calculation results. First, in general, an optical system in a
hologram recording/reproducing device, is of a configuration based on a, .
Of HR i S E WP A BR 5T the S M SCIShe e GaTa? ¥
subtspéc@%%[n;@g% Se0sQL, p&?ﬁe%ee%t&?e Sistanced by the lensifocaly .
distance. This is true with the optical system of the recording/reproducing
frofleviee Lshoven @ Fighd asywell<Thisds acobfiguration:calted Fouder 2As
Transform Hologram. With such a Fourier Transform Hologram
onecenrfiguration, itherseriesiof Opetations ofireésrdingand fdpreducing tne
described above can be understood as follows, That is to - 60_say, the,
e P dieEH dafh?Fatterti of the i‘ﬁm REUbjetted {6 Foulier fHansfor and

conlipigcted opthe media, and,the readqut signals (fegraduced image},of

the media’is subjected to inverse Fourier transform and project on the
absiglage:sensolie Thedmagersensor deteetssintensity of light whergin the-t ed
from the sqguare root calculation results.

Now, description will be made regarding realization of
linear readout by removing the coherent light component from
the readout image signals of reproduced image + coherent
light, by performing sguare root calculation and removing
the coherent light component from the sgquare root
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 so as to be
distanced by the lens focal distance. This is true with the
optical system of the recording/reproducing device 1 shown
in Fig. 1 as well. This is a configuration called Fourier
Transform Hologram.

With such a Fourier Transform Hologram configuration,
the series of operations of recording and reproducing

described above can be understood as follows. That 1s to



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 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 |ma?%e%s nsor 11,0btauggg in_

S&Y actotHanGe Wit the Hiadmant and mimimam ampliudes of the recording
roulflage are.the same valye abl e whichiis the.square thereqh Thys,

values equivalent to "+1" and "-1" are detected at the same value at the
reatidage sensol Isl, setegardlessi of whatever signak preerssingsissubjected
performed hereafter, the lost phase information is not accurately restored.
to lhrothepwoFds) mon-linear distortionaias Gocuied! Onthe wtherdif, Sensor.
with the case of the present embodiment wherein coherent light is

Thei Hofded S5 Vae “81 e@&r?e&db%ﬁﬂ%‘t‘ﬁvth@ intehsity ofqllﬁ%%c@oﬁéré:ﬁﬁig ht
abs8ANbe added to therepraduced image, Now, the coherent light js @, RC

component wherein the amplitude and phase are uniform, and
11 gaecordingly theee-istno interierenee with the recorded hologram page.

The coherent light following irradiation of

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
addition in the present embodiment. An example will be
illustrated herein wherein the maximum and minimum
amplitudes of the recording image corresponding te "+1" and
"-1" with the phase mask are 0.078 and ~0.078, respectively.

With the above assumption, the output value of the
image sensor 11 obtained in accordance with the maximum and
minimum amplitudes of the recording image are the same value
at 6.1E~32, which is the square thereof. Thus, values
eguivalent to "+1" and "-1" are detected at the same value
at the image sensor 11, sc¢ regardless of whatever signal
processing is performed hereafter, the lost phase
informaticn 1s not accurately restored. In other words,
non-linear distortion has occurred.

On the other hand, with the case of the present

embodiment wherein ccherent light is irradiated, a value



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
reference light. That is to say, a predetermined amplified value can be
added to the reproduced image. Thus, we can see from Figs. 6 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 value of thgﬁminimum am%lituge of the re roducedlimqgte" is set

COTRS PTG EKaniple, -adding 1 Eom T

onent 6f0.1 %0 te reproddced iniage”®

aacresults in the maximum value 0.078 being,0.1782=0,032.2nd the 51t 15 &
minimum value -0.078 being 0.0222 = 4.8E-4 in intensity as detected by

DC thedmagersensee 24 this case,thewattputrof the dmage sensorithbisn,
subjected to processing wherein the square root of the intensity read out
andthusds tdicutated and ke eded coniponent Bemoved! Accordinglyr fhe!

maximum amplitude 0.078 can be restored to the original value by 0.178 -
20355, 678 Bnd thE TR A BimpIde -0:G78 cal it be estora s °”

netfigingl value.- 62 by 0.922,-Q,1 = -0.078. Thus, withithe present, . .
embodiment, linear readout wherein phase information added by the
of phaseramaskis ot lostzcan be realized: Alsop Figifzilusitates acaseimage

wherein the coherent addition amount is 1.0, in which the intensity
senipformatiophe reproduced image cobtalned in accordance with
irradiation of the reference light. That is to say, a
predetermined amplified value can be added to the reproduced
image. Thus, we can see from Figs. 6 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 value
of the minimum amplitude of the reproduced image” 1s set to
0.1 for example, adding the component of C.1 to the
reproduced image results in the maximum value C.078 being
0.178% = 0.032 and the minimum value -~0.078 being 0.022° =
4.8E-4 in intensity as detected by the i1mage sensor 11. In
this case, the output of the image sensor 11 i1s subjected to
processing wherein the square 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 value by 0.178 - 0.1 = 0.078, and the minimum

amplitude -0.078 can also be restored to the original value



(0.078 +1.0) =1.162, (-0.078 + 1.0) = 0.850 detected by the image
sensor 11 have the square roots thereof (1.078, 0.922) calculated, and
the added amount is subtracted (1.078 - 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 minimum amplitude of the
reproduced image", so that there is no negative folding regarding the

by 'g}t%@ ity detection by, %%%ﬁagera%fgsorwlﬁt&Swing}-@Tsfg%tpeg@%gm&%em,

e Coherent light addition readout” atcording to t%e“present embodiment

1 inaliows informationto-ke (cosrectly read gutevenin casesdhattemaryshase
information of amplitude "-1", "0", and "+1" is recorded to the hologram

ma skecordingtmédism, HVE T hat is-teegayz eniaddition to the amplitude "0,
amplitudes "-1" and "+I" including phase information can be correctly read
ouks Jaifel lineey redddut! £t b Tedlizeds Now, '0f #é& dperaltions deséeribed

2GR0y With the prasen (63 embodiment, the processing for caleulating, .
€'square foot” and for remaving the coherent light component is

(0. perormed by-the datareprodycing unit 13 shown in Fig,dL. dhe: intemal

configuration of this data reproducing unit 13 shown in Fig. 1 is shown in
theFign8cEhedatareprodueing the sguare roots thersof (1.078,
0.922) calculated, and the added amount is subtracted (1.078
- 1.0, 0.922 - 1.0), thereby restoring the original
amplitude of z0.078.

That is to say, the only condition which the magnitude
of the cohesrent addition has to clear is "a value greater
than the abscolute value of the minimum amplitude of the
reproduced image”, so that there is 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 hologram
recording medium HM. That Is to say, in additlion to the
amplitude "0", amplitudes "-1" ana "+1" including phase
information can be correctly read out, and linear readout
can be realized.

Now, ©f the operations described above with the present



unit 13 shown in Fig: 8 includes a linearization processing unit 20, an
up-scaling unit 21, an equalizing filter 22, a 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 square root calculating unit 20a and a
subtraction unit 20b. The square root calculating unit 20a calculates the
e rootst?;the values making up the. image %gnajcshobtained by the

. sguar =
emDPr%éaﬂée%ghsor Jand‘Stipplies thé Testilts to the Subtraction dnit 20b. -

anashould W@ﬁgthéﬁ@eciﬁﬁﬂﬁe%%nsﬁ Jdrepresents.the intensity of lighty
detected in amplitude values in predetermined steps, such as 256 steps
by tatexample rEre-squarerrgot:calculating iunmit:20an performg squaresroot
calculation for the amplitude values of each of the pixels of the image
intgansor 1A0AISS e siiBitastion:tnit 208 SBb#&EES A Valué dcotfespohding
to the coherent light addition amoynt frong Fhe Tﬁggaé%fom values

ShoBEtaited frérh the Square Foot calcutating” : 64 Uit 205°Speically- the?

uniintensityof the %h%ff{ri‘F light; in-this,case is;set lo apredeterminedvalue 4
greater than the absolute value of the minimum amplitude of the

uniteproduced image; sdianvalue whereby this ean beicancelled lautds et =
beforehand, and this value is substrate. In a

resampling unit 23, a data distinguishing unit 24, and a

sparse code decoding unit Z5b.

The signal processing for the above-described linear
readout is performed by the linearization processing unit 20.
As ghown in Fig. 8, the linearization processing unit 20
includes a sguare roct caiculating unit Z20a and a
subtraction unit Z0b. The sguare 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 20b. It should be noted
that the image sensor 11 represents the intensitv of light
detected in amplitude values 1n predetermined steps, such as

2

o

6 steps for example. The sguares root calculating unit 2Ca
performs square root calculation for the amplitude wvalues of
each of the pixels of the image sensor 11.

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

sguare root values cobtained from the square root calcuiating



case wherein the minimum amplitude of the reproduced image is -0.078
as with the example described above, and the intensity of the coherent
light is set to 0.1, which is greater than 0.078 which is the absolute value
thereof, this value 0.1 is subtracted from the value of the square root.
Also, with the linearization processing unit 20, linearization is obtained
regarding readout signals from the image sensor 11, but in order to
reproduce the recorded data shown in Fig. 1, resampling processing has
1o erformed ,wherein the positians of each of the data pixels are, ., .
et Uhed TRt e ik DAREY by e dinearsati Bragabsmye” ™
in and the.amplitude.values,ot.each. of the datapixels are obtained..as-well
as data identification processing wherein the bit values of "0" and "1"
theagayed withinvthehwolegramharenidentified fromtheuwamplitidervalues of
the data pixels obtained by theresampling processing, and further
repgeCHtiRG proEssSingS fegardmy the'aferethantioned sparsecode Mecthis>C
_end, the d tafre roducing unit 13 is provided with the up-scaling unit 21,
Ut eqaliiy iter 22 1886 pIE Uit 25, At b5 ciSTAGEIShirg unit 24, °
~a "¢ sparse cadedecoding unit 25, First,the upscaling Unt21ds 4 i rage
provided with the calculation results from the subtraction unit 20b, i.e., the
is leayTeadeutsignals image:signalsyebtaines:fromibe <linearization:
processing unit 20. The up-scaling unit 21
intensity of.the coherent light 1s set to 0.1, which 1is

greater than 0.078 which is the absolute value thereof, this
value 0.1 is subtracted from the value of the square root.
Also, with the linearization processing unit 20,
linearization is obtalned regarding readout signals from the
image sensor 11, but in order to reproduce the recorded data
shown in Fig. 1, resampling processing has to be performed
wherein the positions of each ¢f the data pixels are
identified from the image signals obtained by the
linearization processing, and the amplitude values of each
of the data pixels are obtained, as well as data
identification processing wherein the bit values of "0" and
"M arrayed within the hologram are identified from the
amplitude values of the data pixels obtained by

theresampling processing, and further decoding processing

[#H]

regarding the aforementioned sparse code. To this end, the
data reproducing unit 13 is provided with the up-scaling

unit 21, egualizing filter 22, resampling unit 23, data

|
o
o
I



up-scales the readout signals to a predetermined scale by performing
interpolation processing, for example, on the readout signals. Note that
with the recording /reproducing device 1 according to the present
embodiment, as described earlier, over-sampling is performed in which 1
data pixel with of image is received with n pixels (where n > 1) of the
image sensor 11. That is to say, the up-scaling unit 21 enables high
resolution with further up-scaling on the over-sampled image signals. For

. _example, if we sa that?[t e over- sampling rate is twofold (2 x 2 = 4% d
i o S Shehe thorcis SRS (6 TescIiO AC o Tita s

pixe] worth of jmage can.he made fo.be twofald 4.-x 4:7346. Jmproving
resolution in this way allows positioning in accordance with irradiation
caipaositien offsetafiibe sreproduced-imagetohe-performed-with highere ., the
precision. The image signal following up-scaling by the up-scaling unit 21
1 infssgupplied 36 the egualizing! ilter P2 . The eddaliZing: filter<zd feceivese

.. _input of the image signals_following the abaye up-scaling, and waveform,
L4 CBobrOtRSing To BIEvent ter-todh FRereraneE SSadn 2.

up-§94alizing. processing, for Rreyenting inter:code Interiergnce Can-» 1o by

understood as a two-dimensional adaptation of waveform equalizing
pe rprocessing onene-dinensional signads, which i widely-employed in-the

fields of optical discs,
readout signals.

Note that with the recording /reproducing device 1
according te the present embcediment, as described earlier,
over-sampling is performed in which 1 data pixel with of
image is received with n pixels (where n > 1) of the image
gsensor 11. That is to say, the up-scaling unit 21 enables
nigh resolution with further up-scaling con the over-sampied
image signals. For example, 1f we say that the over-
sampling rate 1sg twofold {2 x 2 = 4) and the up-scaling
scale 1s twofeld (2 x 2 = 4), the resclution 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 tThe up-scaling
unit 21 is supplled to the equallzing filter ZZ. The
egualizing filter 22 receives input of the image signals

following the above up-scaling, and waveform equalizing



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
signals, the amplified values at each of the data pixel positions are
obtained. The processing for this identifying of the positions of the data
pixels form the readout image signals and obtaining the amplitude values
at each of the data gE)Iixel positions, is called. "resgem%ILngeproqg%s(:igg" here.

o2 Oyt thedfirst edtbodiment, proc ar

1 r—coge 1niter Ly . 1
ent, processing using linear “interpolation is

equiBérormed as such resampling B@@@éﬁ@gn%ugg@ég@'@@eofﬁh%gﬂ@@g@éme

configuration of the resampling unit 23 which performs this resampling
canproeessing» @ndsspecificprocessing perfaimed thereby owillde desceibedn
later, for the sake of convenience. The data distinguishing unit 24
equperferims data distinguishirg (bitdeléimsinaticn)asetbrthe amplittde s
. Vvalues of the data pixels obtained by the resampling unit 23. - 67 Now, in
w3 dgddorGERCE WA thé' deSEription made eaflidr “4fthe time of recording, 8

- on@&%@c@‘?‘é%@l?g data are conuerted into a block-shaped data array

(symbol) of 4 x 4 = 16 bits by sparse coding, and the symbols are

mapped:into:thel helogrampage. obtzins amplitude values of each
of the data pixels from the image signals following
equalization processing by the egqualizing filter 2Z. That
is te say, upon having identified the peositions of sach of
the data pixels in the image signals, the amplified vaiues
at each of the data pixel positions are obtained. The
processing fer this identifying of the positions of the data
pixels form the readout image signals and obtaining the
amplitude values at each of the data pixel positicns, 1s
called "resampling processing” here.

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

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

values of the data pixels obtained by the resampling unit Z3.



This sparse coding 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 pixels having the greatest amplitude values out of all of
the data pixels in that symbol as "1", and the rest as "0". The bit values
obtained in increments of symbols by the data distinguishing performed in
increments of symbols by such sort detection, are supplied to the
downstream_sparse code decoding unit 25. The sparse code.decodin

MO it 25TRUES TR Bt VAILES T IOrTGRES STy mBSIS obiained a5~ '™

¢ 1 mdescribed ahoye, ands perferms, decading of the sparse gode dor-each g
symbol. That is to say, the 4 x 4 = 16 bits are decoded into the original 8

int bits obdatai thereby seproducing the recordingidata Shéwn in Figl 4, ket s
recording data is obtained. Effects of Coherent Addition With the

by recordingirepiotuicimy deviee 1 acesrdtitg i thE préseht erfibodimhiént
which performs the readout using coherent addition described above, the

hol SHa&8 infGriTation - 68 recorded in the hologram recording medium HM
canalso he carcectly read out, fhereby reglizing linearreadout: .Realizing.
linear readout means thatrestrictions on the aperture size, which the

16 paRr-fingar systemsraccording-tasthes gelated, art had ccambeé doneaway, the
with. Doing away with the

data distinguishing unit 24 performs data distinguishing

{also called "sort detection™) by taking the bits of the m

data pixels having the greatest amplitude values out of all

of the data pixels in that symbol as "1", and the rest as
"O". The bit values cbtained in increments cf symbols by
the data distinguishing performed in increments of symbols

by such sort detection, are supplied to the downsTtream
sparse code decoding unit 25.

The sparse code decoding unit 25 inputs the bit values
in increments of symbols obtained as described above, and
performs decoding of the sparse code for each symbol. That
is to say, the £ x 4 = 16 bits are decoded intc the originail
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

coherent addition described above, the phase information



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
over-sampling rate and aperture size is that over-sampling 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
relﬁ':e art, g?j aperture size of aroun{§12.0 has been lower limit aBd
reduction s B Hifficui ba 8gin1§%%a%mwn tﬁ%%%tﬁ%ﬁon on
coring-anertyte size meansthatapertre sizes, smaller.than 2.0 capibe
realized. This means that the over-sampling rate can also be reduced to
reaOzomewer rduer to dreisampliag theoraem: Sueb enabling of regucting in
size of the aperture size, and reduction of the over-sampling rate,
apegnables realizing'biRigh Teeordiny dénmsityto 306 tHol6grafT fecordingto the
medium HM and improved data transfer rate. Figs. 9A and 9B illustrate
relafiggrattsfor viewifig™s 6 IMeRTity™ " caictiated using A simtilater 8fa” e
reshologram, recording/reprogucing system.which performs, coherent 1.
addition readout according to the present embodiment. Figs. 9A and 9B
onlare-dingrams ilustrating the resulis of comparisenibetween the amplitude
of readout signals which
aperture size is the Nyguist sampling theorem, l.e., the

Irec

only restrictive condition determining the over-sampling
rate and aperture size 1s that

over-sampling rate » aperiture size
holds. With this understanding, we can say that by enabling
linear readcut, the conditions for the sampling theorem to
be correctly established are a2ll present.

For example, with a system according to the related art,
an aperture size of arcund 2.0 has been the lower limit, and
further reduction has been difficult, but deing awsy with
the restriction on the aperture size means that aperturs
sizes smaller than 2.0 can be realized. This means that the
over-gampling rate can also be reduced to 2.0 or lower, due
to the sampling theorem. Such enabling of reduction in size
of the aperture size, and reduction of the over-sampling
rate, enables realizing of high recording density To the
hologram reccording medium HM and improved data transfer rate.

Figs. 92 and 9B illustrate "diagrams for viewing



should be obtained, and the amplitude of signals actually read out by the
image sensor 11. The amplitude of readout signals which should be
obtained is obtained by the input signal simply integrated in accordance
with the size of the pixel. Also, the amplitude of signals actually read out
by the image sensor 11 in this case is obtained by calculating the square
root of the signal input to the image sensor 11 having been squared and
integrated in accordance with the size of the pixel, and then subtracting a
... value in ,accordance with the intensity of the cgheren%li%hth te that the
~ T dmplitdde of Sighars actually réad 6ut” t%i}“ ‘fﬁeai‘fr?éfgeosensorci' “Yias'been
rec59@§ﬁ§ﬂﬂ8ﬁ98§£ﬁfﬂn@gd@'99@e%ﬂd the;'signal input-fo;the.image- sensor
has added thereto the coherent light component which is of the same
addphase as ¢heireferencephaseqwithin the repreduced émage andrgreatefics .
than the absolute value of the minimum amplitude of the reproduced
9A hage BIWRHE Figh. DN aad 9B thesharizontal dxisrefpésents the amplitude
of the readout signal which originally should be obtained, and the vertical
MRS 1 esRIS TRE AmItUAREL G BTG Sighal AEtually TeAFo By the”
sholMage,sensor 11, with thejrelation.therebetween platted, With the- 411

simulator in this case, one pixel of the SLM 4 is divided into 16 x 16
reablogks, and alse one:fixel:ofthe rintage seriser 4ng settocasize of 8axi8ut

blocks, as with
signals which should be obtained is obtained by the input
signal simply integrated in accordance with the size of the
pixel. Also, the amplitude of signals actually read out by
the image sensor 11 in this case is obtained by calculating
the square root of the signal input to the image sensor 11
having been sguared and integrated in accordance with the
size ©Ff the pixel, and then subtracting a value in
accordance with the intensity of the coherent light.

Nete that the "amplitude of signals actually read out
by the image ssnsor 11" has been subjected to coherent
addition, and the "signal input to the image sensor 11" has
added thereto the coherent light component which is of the
same phase as the reference phase within the reprcduced
image and greater than the absolute value of the minimum
amplitude ¢f the reproduced image.

With Figs. 9B and 9B, the horizontal axls represents
the amplitude of the readout signal which originally should

be obtained, and the vertical axis represents the amplitude



the case of the simulator shown in Figs. 71A and 718. That is to say, the
over-sampling rate is 2.0 times (over- sampling of 2 x 2). in this case as
well, integration is performed with the understanding that only the region
of the 5 x 5 blocks at the center portion of the one pixel of the image
sensor 11 is valid. This condition has been set based on the actual fill
factor of the image sensor 11. 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 .
°f has b@éﬁ%‘éﬁoﬁ‘ﬁ%&‘?ﬂ fﬁ’e §i?rﬁfrat%‘n“. Ir'—&?g &ﬁtﬁ MustPates the Y8stiits ora * "

+1hC338 9100 phase .mpdulation as;a,phase mask at the time of recording

(case of no phase mask), and Fig. 9B illustrates the results of a case of
performing-phasermodulation astanphase:mask at the time obrecording LM 4
(case with phase mask). As can be understood from comparison with the

is tHiagranis for viewifg Xlindaripydf fRigs. 1A and 71BNn thétaseof thée
present embodiment where coherent add;%ion readout is gerformed, the

imagau88vFtHe vertical did-horizohtal desAimost perféctly~ 71 match ¥or-

- nePQhcases of no mask A with mask, and, approximately;perfect lingarity-is, ,

obtained. The simulation results in Figs. 9A and 9B here as well show
is thataegr readoutis-enabled byperformingthe coherertadditien: -
according to the present embodiment.
sampling of 2 x 2). In this case as well, integration 1s
performed with the understanding that only the region of the
5 x 5 blocks at the center portion of the one pixel of the
image sensor 11 is wvalid. This condition has been set based
on the actual f£ill factcer 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 recording image has been performed in the simulation.

Fig. 9A iliustrates the results of a case of no phase
modulation as & phase mask at the time of reccrding (case of
no phase mask), and Fig. 9B 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 viewing
linearity" in Figs. 712 and 71B, in the case of the present
embodiment where coherent addition readout is performed, the

values of the vertical and horizontal azxes almost perfectly



Resembling Processing Using Linear interpolation (resampling
processing according to first embodiment) 1) Recording Format Next, the
resampling processing according to the first embodiment which is
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 of a data

array in the signal_light area A2, Whekei the rpinlir@ m Ia}é' g increment is
e lt 1 i .
matgét t)éoI sfl)r%blgl &lax%S: f?&)?elsa}st;he I%yﬁfc mterva%l_sperlﬂls set to 24 bits

apptRixels), -and the-radius.i_rad,etthersignal light areaA2 is seldos1eBlation
pixels. In Fig. 10, a whiteout portion indicates an area surrounded by four
ressynes, aswavykine partiondndiBates:an aseasdrrouhded by treéisynes, a
diagonal line portion indicates an area surrounded by two syncs, a
reaggreenéd HoMtBN TUICAteB AR AEE StFrdunded By o Sy ant 72
blggk r|§)ortion m;jicatgs an area %%% dsﬁHhrI%o%rzlded by syncs, or a sync itself.
8CCRE Shownin F‘i@.elé), ‘With the recor ing format according to the present

resEMbediment, inthesignal fight, area A2, most areas-argrareas suerosngded »g
by syncs at four

processing according to first embodiment)
1}  Recording Format

Next, the resampling processing according to the first
embodiment which is 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 1in a
nologram 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 AZ, wherein

{

the minimum laying increment is set to 1 symbol (4 x 4 = 16
pixels), the sync interval i sper is set to 24 bits (pixels),
and the radius i rad of the signal light area AZ 1s set o
156 pixels.

in Fig. 10, a whiteout portion indicates an ares
surrounded by four syncs, & 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



corners thereof, but in the outer peripheral portion of the signal light area
A2, there are areas not surrounded by syncs at four corners thereof. As
patterns of the areas, there are three patterns in total, i.e., those where
three of the four corners are surrounded by syncs (the wavy line portion),
those where two are surrounded by syncs (the diagonal line portion), and
those where only one is surrounded by a sync (the screened portion). In
Pigs. 11 and 12, as with Fig. 10, the whiteout portion indicates an area
surrounded by fgluc[,se@g%, the wavy gne fSI)ortion indicatesdat% area

PlaghirBinded By thiedsyncs, the diagona Fnesf)‘ld“:rﬁghl iidicates an‘area’ °°

= sSyrroynded By two syncs, the screened portion indicates an area
Surrounded by one sync, and the black portion indicates an area not
surreupdestby:Synes,car a synaitself. 2) Detectiondofr8yntcPesitions First,
a technique for detecting a center position of a page will be explained
accwith referénce teFigt 2$eDbteetibASfRe lcentet pdsitioh oftAe pagelis
performed as rough alignment of the egtireLPa e ~V‘§ioth acentersync,
aTeGodifion8 S 7378548 16 be aagfrﬁﬁolsﬁlo‘srit?onngetﬁ ténter of thé page, as
corleference. By-performing such r%{gﬂa@“%@%’%ﬁ the entire pageas ihe
the past, the search range for performing detecting of sync positions,
s1gwhichiwiljibe desctibed later.c ean henarrowed down sand acceidibghy

reduction in the
syncs at four corners thereof. As patterns of Lhe areas,
there are three patterns in total, i.e., those where three
of the four corners are surrounded by syncs (the wavy line
porticn), those where two are surrounded by syncs (the
diagonal line portion), and those where only one 1s
surrounded by a sync (the screened portion).

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 diagenal line portion indicates an area surrounded by
two syncs, the screened portion indicates an area surrounded
by one sync, and the black perticn indicates an area not
surrounded by syncs, or & sync itself.
2y  Detection of Sync Positlons

First, a technigue for detecting a center pesition of a
page will be explained with reference to Fig. 11. Detection
of the center position of the page is performed as rough

alignment of the entire page, with a center sync, positioned

~1



calculation processing load during 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 syn ition_in the center is performed using nine syncs in .
5 Sdtal arrayed Fyglc}g%?al%osﬁﬁﬁ%éoﬁ X S”al"?ré)urcf teejs:ynoc“in the c%né]er.’ As®

a raspecificprocedureof the sync; pasitian deteetiop | inthisase, firstya
position where a sync in a page center should be present in the image

ent signalsssubjectedia edqualizatian prdcessiagdytthesequalizing fiter 22:1:1ing
estimated from the recording format. Correlation values between

det gfplifiitlevalGEs ih BressynePositions dnd thelsynecpaterns lattHe tiiée ™/

cantihEnitie nine syncein the intervalipositional relation set peforehiand as

showh i Fig =74 11 dre moved stich that thé’ nine SYncs are moveée

ca1Within.a predetermined ranggncluding the estimated.pogition where the
sync in the center should be present, are calculated, and the total value

deteftthexcorrelationvalues is-calcwatedicAs atresult, theposition. obkthe
sync in the center when the

realiz=ad.

Such position detection of a2 page center is periormed
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 1s 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 sqguare shape of 3 x 3 arocund the sync 1n 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 pressnt in the image signals subjected to
equalization processing by the egualizing filter 22 1is
estimated from the recording format. Correlation values
between amplitude values in the sync poesitions and the sync
patterns, at the time when the nine syncs in the

interval/positional relation set beforehand as shown in Fig.



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 be increased to,
for example, 5 x5, 7 x 7, and so forth. In this case, the position detection
accuracy can be improved, but on the other hand, when the number of
syncs used for sync detection is increased thus, correlation calculation
becomes complicated, leading to a problem of increase in calculation

.. Pprocessing load and delay in detection. In this way, the improvement of

L2 fhepokition” détédtion ddcurady aid redtietion ir?ﬁ{““e Processing toad afd

orofigiecion i ate g fadacflislation, The numperof syeslsed Bhe .
sync detection should be appropriately set to an optimal value according

t hetodhg actual precessing:speeds When thedetestion of agagelcenterted,
position is performed, detection of the sync positions is performed based

andort tite certer pusition. Inthe case of el present embsdiment, detsctiontd.
of respective sync positions is also performed using multiple syncs N

A3 SelEGted with & DOSCE Syrct 75 Tad & TefeYdiice: The fetetibrof “her =ne

o 2PPREiNE SYe positians ysind the, mutiple synes is perfarmed g8 showp,
inFig. 12. First, basically, as indicated by a% in Fig. 12, the detection of

is thehbjectsync is performed usingfive synes intotalhkeposition of the

page center.

The multiple syncs used for the detection of such a

n

page center position can be increased to, for example, 5 x 5,

iy

7 x 7, and so

4]

orth. In this case, the position detection
accuracy can be improved, but on the other hand, when the
number of syncs used for sync detection 1ls ilncreased thus,
correlation calculation becomes complicated, leading to 2
problem of increase in calculation processing lcad 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 syne detection should be appropriately set to
an optimal value according to the actual processing speed.
When the detection ¢f a page center position 1s
performed, detection of the sync positicons is performed
based on the center position. In the case of the present
embodiment, detection of respective sync positions 1s also

performed using multiple syncs selected with an object sync

!
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the object sync and four syncs adjacent to 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 by
the equalizing filter 22, is 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 object
§yricpsitioh: SCorrelation values between amplitude values in the sync
posifions, apd syng pagierns, when the center sync {ie.; phiectsyng) of
the five syncs in the interval/positional relation set beforehand as
mu 1Hustrated i (a) in Figk2 atensnoved asawhole se ag to ie. moved within
a predetermined range including the estimated position where the object
basgyrrel $hould helprésent; ede kalctiated, andithe total value oiethection of
correlation values are calculated. The position of the center sync when

: ! U ! .syncwnen
aeth@Refar valtd o the cEitéiation values ihthé réSpettiVe Syné positions is™ - = ¢

the, greatest is.-.76. ultimat ifie ition of object sync..,
heNSOgalestis, .76, ylimately §§,%%é d.8s anasition of the object syng
- Nov%%e prezrélonaof the sync position esiimated baged on #}b;page yhe
no rGenter-position identified beforehand ag-deseribed above cap:be made tehe
be higher than the precision of a sync position estimated only from the
deUQcoﬁﬂn@ﬁgﬁunenter positicn as a reference, a position

as

where the object sync should be present in the image signals
which have been subjected to egualization processing by the
equalizing filter 22, is estimated from the recording format.
For example, the distance from the page center to Lthe cbject
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 object sync position.
Correlation values between amplitude values in the sync
positions and sync patterns, when the center sync (l.e.,
object sync) of the five syncs in the interval/positicnal
relation set beforehand as i1llustrated in (a) in Fig. 12 are
moved as a whole sc as to be moved within a predetermined
range including the estimated position where the oblect 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 sync positicns is the greatest is

- 75 -



without performing detection of page center position. Thus, the accuracy
of the estimated position of the object sync is high, and accordingly even
if 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 is 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
positions is performed based on the center position, rg{duction in the

v Lt B R TEnGE (CorrefatioR tafcuttion rangef and Péductionh caléiitation
pragessing, loa detectiontime can he realized.;In the signal li :
A5 1 ascimed that syncs. aciaent b ine Bbjost e norizontalh and =

on verticallys {i.e;cpeareshinsthe;cantersyne) are:present imMOSESYNC
positions as described above. However, as shown in Fig. 12, in the outer

de speripretabportiens of thessigaaldight aksa A20tiseredrecaths whiepgins 1om
there may not be all of the syncs horizontally and vertically nearest to the

oF Bhjeersyries Specitically, there ¥ th'talbe Wititein only OB syt of te ™"
wit%%l;_ﬁy b P%’%% Nially and vertcally agiacent 'S%’Qﬁ?w’ﬁés.ﬁ@%ﬁ n B s,

ig. 12, and the case wherein two syncs of the syncs horizontally and
thevertically-adjaeentare naissings asshove ini(e).incFige 42. Whenoenly ene is

sync of the syncs horizontally and

high, and accordingly even 1f the range of the correlation
calculation {(search range) during the detection of a sync is
set narrower than that at the tTime when detectlion of page
center position is 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 positions is performed based
on the center position, reduction in the search range
{correlaticon calculation range) and reductlon in calculation
processing load and detection time can be realized.

in the signal light area AZ, 1t is assumed that syncs
adijacent to the object sync horizontally and vertically
(i.e., nearesgt to the center gync) are present in most 3ync
positions as described above. However, as shown in Fig. 1Z,
in the outer peripheral portions of the signal light area AZ,
there 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 ¢f the



vertically adjacent is missing as shown in (b) in Fig. 12, the position
detection of the object sync is performed using total four syncs excluding
the missing sync. For example, as shown in (b) in Fig. 12, when the sync
on the left of the syncs horizontally and vertically adjacent 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 '§1e correlgtigq detection r%e(-itho% E;lgssa%e as__
SYDGhenfve’SThcs aré u2BY, d&Scribed above: =Should be Aotsd thit 'the
shoPgsitign where the-object sync should.be peseptin theimage sigaals o«
ollowing equalization processing is estimated from the recording format,
- neWithrihe detected page centardositionias:a reference<Corretation vahiesy,
between amplitude values in respective sync positions and sync patterns
as abthertirhe when ifte fous syhés in interval/positional relation set
beforehand, as shown in (b) in Fig. 12, are mqved as awhpie in sgch a

MRt &80 BV theSyncih the Tentdt (e " 78 “fhié Gbject sync)
verw%té% redetermined yange around the pasition yhere, the; gbjeetsync,

should be present, are calculated and the total value of the correlation
thevalyes is calcuated - The position©f the senter sync, whersthectotal dvalge ng

of the correlation values is the greatest, is
total four synce excluding the missing sync. For example,
as shown in {b) in Fig. 12, when the sync on the left of the
syncs horizontally and vertically adjacent 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.

Tn this cass as well, the detection cperation ltselfl
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 image signals following
equalization processing is estimated from the recording
format, with the detected page center position as a
reference. Corrselation values between amplitude values in
respective sync positions and sync patterns at the time when
the four syncs in interval/positional relation set
veforehand, as shown in {(b) in Fig. 12, are moved as a whole

in such a manner as to move the sync in the center (il.e.,

- TR -



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 diagonal position nearest to the object sync. For
example, as indicated by (c) 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 object sync is performed using four

he SYRCS in total, i. resent s n the.left and_below the object,sync

., the, pre /NCS QN
an e&yﬁc%%ﬁ%néﬁﬁ/tﬁle‘lgwathg o%(?eegi gync ina &gé}gﬁalap’bsmon

posheargst {9, the.objget synecof: the present-syngspln thisscase-as well, the

sync detection operation itself can be performed based on the correlation
caldetection mettiodh\Whentpearforaing detectior of the syncsias:well, lfugther s

_improvement of position detection precision can be realized by .
calpeffeiiing coffelativrEdéteetior fisinga greaternumiBér of Sjifcsthe “otal
val How(ge;/e*[,h sin%e @rperpg%r{lggt of accuracy and é:omgliggtior]cof cialculation

L I I e LU . gl 2185

are i a tradeoft Télation as"- 76 described above an op%mél vaiue should
ulthesetfor the numberof %yycgn@?égm%d%igcm_ ipgecordance - .

with the actual processing speed. 3) Identifying Data Pixel Position

Following-detestion: of respegtivesynorpasitionsdsontally and
vertically are missing as indicated by (¢) in Fig. 12,
position detection is performed using a total of four syncs
including a sync in a diagonal position nearest fo the
object sync. For example, as indicated by (c) in Flg. 1Z,
when gyncs above and on the right of the cbject sync of
ayncs horizontally and vertically adjacent are missing, the
position detection of the obiect 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 object
sync in a diagonal peosition nearest to the object sync of
the present syncs. In this case as well, the sync detection
operation itself can be performed based on the correiation
detectlon method.

When performing detection of the syncs as well, further

improvement of position detection precision can be reallzed
by performing correlation detection using a greater number

of syncs. However, since improvement cof accuracy and

complication of calculation are in a tradeoff relation 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 identified and 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 the positions of
the data pixels, the position of the object pixel is identified based on
multiple syncs. In a generally-used technique according to thg related art,

&S Ghotogrant page is” iht&matly avid itito ?ﬁt?@&%n%%ﬁ%ﬁ "stib-pages”,
numBAq Syncs.called (subrpage synes: ajednserted.int the.subs pages.ong

sub-page sync to a sub-page. Accordingly, at the time of identifying the
+hepesition of he-dataixels sfirst; dthe position of a sub-page sync within a
sub-page is identified, and the position of each data pixel within the
3) subpagefs identified baBed oh thie position of the sub-page sync. In
regard to this point, with the technique according to the related art,

idérttifyifig Of the 'Gbject data pixel = 80° Position iS pétofied baSEd ofify
ces 8D O0ELVIGILICN he SUD RROG 2%, O Ie AiNgt BN MINME.e of

present embodiment, the positions of the data pixels are identified using
va1edliple synes. As-a spesific technique-toridentifying dataspixel
corresponding to one pixel increment of the SLM 4, the
positions of the pixels are identified and amplitude values
at the data pixel positions are calculated.

B feature of the resampling according tTo the present
embodiment is in that, rather than identifying a position of
an obJject pixel from only one sync toe identify the positions
of the data pixels, the position of the object pixel is
identified based on multiplie syncs. In a generaily-used
technigue according to the related art, a hologram page 1s
internally divided inte increments called "sub-pages", and
gynce called "sub-page syncs' are inserted into the sub-
pages, one sub-page sync tce a sub-page. Accordingly, at the
time of identifving the vosition of the data pixels, first,
“he position of a sub-page sync within a sub-page 1
identified, and the position c¢f each data pixel within the
subb-page 1s identified based on the position of the sub-page
sync. In regard to this point, with the technigue according

to the related art, identifving of the object 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 to calculate a pixel position by performing
two-dimensional linear interpolation processing therefrom. 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 outer peripheral .

POShGrtioR of the Signaf Tight ared %2, theré Bfe ArdasTH WhicH thehumber-&f
sub%“acsethgty%g.fou%%a@&%%si%%@lg&a%ggg?ct@%@gist%y three wo, or

everrone.” Therefore, in portions where the number of syncs that
embSkITelnd-a posiion of an: ebjectprixelis legs:thap few; missingisynes are ed
extrapolated using the syncs on the inner side to enable calculation of the
us ipixehpdsitign,cusing:four syncs in all areas. Figs. 13A through 15D are
- diagrams describing a specific technique for such extrapolation of syncs

in fhis 2 SIP%WaY: Herd S Breéa st jlistiolr BRits @24 2% 43inftsPis™= !

extracted and shown, one unit bein azregitg')l,rll.of 24 pixel ft%df@lj?éel in, .
20 he Ralogram page. Synceinséned ih the- raspectie fegiars. o oS
empeR{responding tandividyal units inthes regions.for feur units:wilpecs that

referred to as "sync I",
surround a position of an object pixel are used to calculate
a pixel position by performing two-dimensional linear
interpolaticn processing therefrom.

However, when employving 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 toc Fig. 10, in the
outer peripheral portion of the signal light area AZ, there
are areas 1in which the number of syncs that surround a
position of an obiect pixel is only three, tws, 0r 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 extrapolated using the syncs on the inner
side to enable calculation of the pixel position, using four
syncs in all areas.

Figs. 132 through 15D are diagrams describing a

specific technigue for such extrapolation of syncs in this



"sync 2", "sync 3", and "sync 4", in order of upper left, upper right, lower
right, and lower left. in the following description, a coordinate plane with
an ordinate i and an abscissa j is assumed. The coordinates of sync |
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,1) ordinate of sync _2 sync
2(i,j,2) . abscissa of sync _2 sync 3(i,j,1) ordinate of sync _3 sync3(i,j,2)
abscissa of sync _3 sync 4(i,},1) . ordinate of sync _4 sync 4(i,},2) :
abscissa of sync _4 The "s row" and "s col" in the following description
waYindicafe S§yncintetvaRm ift increments oisymbols (4 pixelsx =4 pixels) “fva 1=
exémcraa:'setwkclierae tgesirk)‘tgvrq\éals ggper are sef fo n24 as iInethe resent,, .o q. o
embodiment. s oW = s -Col = 24/4 = 8" fiolds” Figs> 13A tfirough £30°°
24 lustrate ajtechpigugder, 5 82 extrapolating, a syne when-there gre three
syncs that surround a position of an object pixel. Here, Fig. 13A
redllustrates a:casewheresrsynco-dris migsing asral suirduadingsyne, Eig. the
13B illustrates a case wherein sync_2 is missing, Fig. 13C a case of
xeg@@@53fﬁgsm@pén@mqgﬁigﬁill be referred to as "sync 17,

"sync_ 2", "sync 3", and "sync_ 4", in order of upper left,
upper right, lower right, and lower left.

In the following description, a coordinate plane with
an ordinate 1 and an abscissa J is assumed. The coordinates

of sync 1 through sync 4 are defined as follows.

sync 1(i,j,1j: ordinate of sync 1
sync 1(1i,7,2) : abscissa of sync 1
sync_2(i,7,1) : oxdinate of sync Z
sync_2{i,3,2) : abscissa of sync_Z
sync _3{1,3,1) : ordinate of sync 3
sync 3(i,73,2) : abscissa of sync 3
sync 4(i,73,1) : ordinate of sync 4
sync 4(1,73,2) : abscissa of sync_ 4

The "s row" and "s col" in the following description
indicate sync intervals in increments of symbols (4 pixels x
4 pixels). In a case where the intervals imspez are selt Lo

24 as 1n the present embodiment,

holds.

Figs. 13A through 13D iliustrate a technigue for



a case of sync _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,I) F sync_2(i,j,1) and the abscissa
of the sync _4 is substituted as the abscissa of the sync | according to
sync! (i, j 2) - sync 4(i,j,2). Consequently, the missing sync_1 can be
extrapolated in this case. In this way, when one sync among four syncs
that should surround the position of the object pixel is missing, an
ordinate of a sync present exponentially in the abscissa direction of the
eX UiidiigiSyitdarid BRSBTS of & &Yfc Freseénteikponshfidilytinthe
_ordinate directian of the missing sync are substituted, respegtively,
Su*ﬁgr?élr%n aex?r%%% ation of thé IFhigé:ir)w(ge %gncp.%eé éamg%ggﬁnig&g (:ar]i %
1 11usedfor the case obFigs. 5B, 15¢, and L.2DxSpecifig extrapolation
techniques are as follows. - 83 Caseof Fig. 15B: sync _2is
surexttapplateds syne 2(1,51) v-38yncl(ijd) syric=2(i,g 2 #s8ynt3(ii2): Casec 2
~ of Fig. 15C: sync _3 is extrapolated. sync 3(i,j,|) v- sync 4(i,j,l)
is missing, Fig. 13C a case of sync 3 missing, and Fig. 13D

a case of sync 4 missing.

First, to describe a case wherein when sync 1 1is
missing as shown in Fig. 13A, the ordinate of sync 2 is
substituted in the ordinate of sync 1 according to

sync 1(1,9,1) « sync 2(z,7,1)

ot

and the abscissa of the sync_4 1s substituted as the
abscissa of the sync 1 according Lo

sync_ 1(1,3,2) « 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 poegition of the object pixel is missing, an
ordinate of a sync present exponentially in the abkscissa
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 perform
extrapolation of the missing sync.

The same technigue can be used for the case of Figs.
15B, 15C, and 13D. Specific extrapolation techniques are as

follows.



sync 3(i,jj,2) e- sync_2(i,j,2) Case of Fig. 15D: sync _4 is extrapolated.
sync_4(i,j,1) v- sync_3(i,},l) sync_4 (i, j , 2) +- sync_I(i,j,2) in Figs. 14A no
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_! are
missing, Fig. 14E wherein sync' and sync-3 are missing, and Fig. 14F
wherein sync _2 and sync _4 are missing. An example shown in Fig. 14A
* Co5f cade 6f SynclPEND S8yHE. 2 Being ektrapolafderiwill be described.
Assumingztlcflt the difference between oiqmate sync 4(i,j,l) _

sync K{i+s O\iv?j,’l)*(%f Sync 4 'below'synt I and sync 1(i+2*s_row,j,i) below

synGA4-s equal torthe difference, pg}v%g% sync_1(i,j,l) and
sync_1(i+s_row,},l), sync_" (i,j;1) which is the ordinate of sync | can be

+ Ceateulatedrbyesyncol(i;), 19 wr2*Syncsi(i¢sttovwsplrsynt. |(i+2*s_row,j,1). -
84 Also, assuming that sync I(i,j,2) which is the abscissa of sync_l is the
samB s syner 4€i,2) € sy (#sroi 4, 2), the abscissa of sync can be
substituteg Py SY'?GQ:JQQ y<r-1 gxgc(-ff’(ij j %? . Similarly, assuming that the

difféfénce betveen

* Case of Fig. 15D: sync 4 1s extrapolated.

sync_4(i,7,1) « sync 3(1i,9,1)

sync_41(1i,3,2) <« sync 1(i,7,2)

In Figs. 14A to 14F, there are two syncs that surround
the position of an cobject pixel. Fig. 142 illustrates a
case wherelin 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, Filg. 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
gync 2 being extrapolated will be described. Assuming that
the difference between ordinate sync 4(i,3j,1) =
sync_l{i+s_row,],1l) of sync_4 below sync 1 and
syne_1{i+Z¥*s_row,],1} below sync 4 is equal to the
difference between sync_1(i,],1) and sync 1(i+s row,3,1},
sync_1(i,3,1}) which is the ordinate of sync 1 can be

calculated by

sync 1{i,73,1) < Z*sync 1(i+s row,7,1l)~sync 1{i+2*s row,7,1).



ordinate sync_3(i,j;) = sync-2(-'+s row,},l) of sync -3 below sync-2 and
sync 2(i+2*s_row,j,I) below sync-3 is equal to a difference between
sync_2(i,j,1) and sync_2(i+s_row,j,I), sync 2(i,j,I) which is the ordinate of
sync-2 can be calculated by sync 21) <- 2*sync 2 (i+s row, j, 1) -sync
2(i+2*s row, j,1) Also, assuming that sync2.(i,j,2) which is the abscissa of
sync_2 is the same as sync_3(i,j,2)=sync_2(i+s_row,j,2), the abscissa of
sync --2 can be substituted by sync 2(1,j,2) - sync 3(i,},2). in Figs. 14B to
14D, while there is a difference in \A/grigical%aré horizor!;al ,direqtions,k)the.
saie BrocRaaresdEh befollswad-Case of Fig. 14BTsynd 2 and&ync13=®
are extiapolated., syng. 2041 %ﬁygcﬁllfﬁj’l% SYNC 20b2HE- 1 (i4s row, 3,2,
2*syrc_2(1,j-s_col,2)-sync_2(i,j- 2*scol,2) sync 3(i,j,I) <- sync4(i,j,l) sync
£ he 3652} 2589Co B(i §-gne0li2)-3ynco 3(idudsteodu2)8b 1Gase of Fig. 14C:
sync _3 and sync _4 are extrapolated. sync 3(i,j,2) F- 2*sync 3(i-s
row3jz1d-syné , 3(i-2*seowsy)rsyncia(ily, 2) (-sync 2(i,j,2); sync_4(i,j,i) O-

2*sync_4(i-s_row,j,1)-sync_4(i-2*s row ,
SimilarIy, assuming that the difference between

Fhy

G

h

ordinate sync 3(i,3,1) = sync 2(i+s_row,],1l) of sync_3 below

sync 2 and sync_2{i+2*s_row,]j,1) below sync_3 1s equal to a

difference between sync 2(i,73,1) and sync Z(i+s row,j,1),

sync_2{i,3,1) which is the ordinate of sync_Z can be

calculated by

sync 2{i,3,1) <« 2*Sync_2(i+s_§ow,j,1)—syncw2{i+2*smrow,j,1}A
Also, assuming that sync 2(i,7],2} which is the abscissa

of

sync 2 is the same as sync 3(i,],2)=sync_2Z(i+s_row,3,2),
the abscissa of sync 2 can be substituted by

sync 2{i,7,2} ¢ sync _3(i,7,2).

In Figs. 14B to 14D, while there is a difference in
vertical and horizontal directions, the same procedures can
pe followed.

« Case of Fig. 14B: sync 2 and sync 2 are axtrapolated.
sync 2(i,3,1) <« sync 1(i,3,1)

sync 2(i,3,2) ¢ 2*sync 2{i,3-s col,2)-sync_2(i,]-

2%s col, 2]

/I\

sync 3(i,7j,1} sync_4(i,3,1)
sync 3(i,3,2) « 2*%sync_3(i,j-s_col,2)-sync_3(i,73-

2*s col,2)



J,1) sync 4(i,j,2) *- sync I(i,j,2). Case of Fig. 14D: sync _4 and sync 1 are
extrapolated sync 4(i,j,1) *- sync 3(1,j,1); sync 4(i,j,2) v- 2*sync 4(;,j+s
col,2)- sync 4(i,j+2*s col,2) sync I(i,j,|) *- sync 2(i,j,I) sync_I(i,j,2) v- 2*sync
1 (i,j+s col,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 sync 1 and
sync -3 are extrapolated, assuming that the ordinate of sync _1 matches
the ordinate of sync_2 and the abscissa of sync_1 matches the abscissa
Casgr §nd #9syrd ¥ ‘canBe extrapdlafed by thebliowigt 87cnt 1 54) *-
syng 121 i,j,%), _1sync,§l(>i,j,<2_) ki;sgnc 4(@',@ ASISOI, aﬁsumj;n)g_tshfkéh%cgrg_inate of

sync ‘matched the ordinate I(15(1;"sync _Z4-and the absciséa of Sync_3

2 sMatghes the - 86 abscissa of sync 2, sync _3 can be extrapolated by the
following. sync 3(i,j,I) *- sync_4(i,j,l) sync_3(i,j,2) 0- sync 2(i,j,2) Similarly,
in thercase (of Fig 224R-sync @ andisync A:

™

sync_4{i,3,1) <« 2*sync_4(i-s row,],1)-sync_4(1-2%s_row

sync_4(1,3,2) ¢« sync 1(i,3,2).
¢+ Case of Fig. 14D: sync 4 and sync_ 1 are extrapolated

sync 4{(i,73,1}) « sync 3(i,],1)7

sync 4(1,3,2) « Z¥sync 4(i,3+= col,2)-
sync 4({i,3+2%s col,2)

sync_1(i,3,1) <« sync 2{(i,3,1}

sync 1(i,73,2) ¢ Z¥sync 1 (1,3+s col,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
sync 1 and sync 3 are extrapclated, assuming that the
ordinate of sync 1 matches the ordinate of sync 2 and the
abscissa of sync 1 matches the abscissa of sync_4, sync_l
can be extrapolated by the following.

syen i(i,3,1) <« sync_2(1i,3,1)

sync 1{i,9,2) « sync 4(i,7,2)

Alsc, assuming that the ordinate of sync 3 matches the

ordinate of sync 4 and the apscissa c¢f sync 3 matches the
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can be extrapolated as follows. sync2(i,j,1) sync_1(i,j,I) sync 2(i,j,2) sync
3(1,j,2) sync 4(i,j,1) F sync_3(i,j,I) sync 4(i,},2) e- sync_I(i,j,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
isper are 24 bits) is employed. However, when formats other than the
recording format are employed, it is probable that such situations may
occur, in which case the extrapolation of syncs by the methods described
abSFHEHS cAI béyﬁgﬁ&rmecﬂfrﬁg§ 1BR P E5 5 s Trate ases whereitt there
fo liﬁo%nil% one sync that surrounds a position of an object pixel. Fig. 15A
iMustrates a case wherein there is only sync 4, Fig. 15B illustrates a case
of gplysyne-3, Fig.|15C illustrates; 8, egse, of only sync 2, and Fig. 15D
illustrates a case of only sync 1. - 83 To describe the example in rig. 15A
wheve only (Syit, 4) ispresent;_assuming that the difference between
ordinate sync 4(i,},))=sync I(is_row,j,I) of sync_4 immediately below
syRc- "L aAd Sync i+ 16w T fj thb syhes befow sYRB Tisedidt 6 s -4

cardiffgrence between sync 1(bLH and.
sync 2(i,3,1) <« sync_1(i,3,1)

sync 2(31,3,2) < sync_3(i,3,2)

sync_4(1,3,1) < sync_3{i,3,1)

syne_4(1,3,2) < sync_1(i,7,2)

The situations in Figs. 14E and 14F do not occur when
the recording format described above as an example (the
minimum laving unit is 1 symbol, the radius 1 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 may occur, in which case the
extrapolation of syncs by the methods described above can Dbe
performed.

Figs. 154 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 1llustrates
a case of only sync 2, and Fig. 15D illustrates a case of

only sync 1.



sync I(i+s row,j,1), ordinate sync_I(i,j,I) of sync_I can be interpolated by
sync_1(i,j,1) *- 2*sync_I(i+s_row,},1)-sync-I(i+2*s_row,j,1). in this case,
the abscissa sync_1(i,j,2) of sync_1 may be the same as the abscissa
sync_4(i,j,2) of sync_4. Also, ordinate sync_3(i,j,1) of sync _3 may be the
same as sync 4(i,j,I). Assuming that the difference between the abscissa
s_ync_4(i,j,2)=sync_3(i,j-s col,2) of sync_4 immediately on the left of
sync_3 and sync 3(i,j-2*s_col,2) two syncs on the left of sync_3 is equal
to the difference between sync 3(i,j,2) and sync_3(i,j-s col,2), the
ab3EisSE TYhELS(i |25 o e B5catthé efitrapolated By Syt 3(ij, oy *c -
. 2*sync_3 (i, | -scol, 2)-sync 3(i,j-2*s cal,2). _Moreover, in tt
s grﬁ%ﬂsa%%f s%r?és_ |Sgle%u% at(% tﬁzg%r ﬁﬁfeeé‘%f/ﬁg_!b ae?ii?t%%%at%s}m%?sréggfe
syr3YNE2 issequal 4o the abscissa-ef,synci3, syncs2.can beiexteapolated by
the following. sync 2(i,j,I) e- sync_I(i,j,1) sync_2(i,j,2) +- sync_3(i,j,2) In
belthe cages in Figsd 15Brto 16D, the symcsican be 188 extrapolated based
on the same idea. Case of Fig. 15B: sync 2, sync 4, and sync | are
syTextrapbfat8dliSynct 2(L1E) B 24§ RE NI+ S fow i sy S(i+2%s row}j/1)2nd

sync_l(i+s row,J,1l}, ordinate sync 1{i,4,1} of sync_1l can be

h

interpolated by

sync_ 1(i,73,1) < 2*syncwl(i+smrow,j,1)—syncm1(i+2*swrow,j,1).
in this case, the abscissa sync 1(i1,3,2) of sync_ 1 may

be the same as the abscissa sync_4{1,3,2; of sync_4.

Also, ordinate sync 3{i,3,1} of sync 3 may be the same

as sync 4(i,q,1). Assuming that the difference betwesen the
abscissa sync 4(i,73,2)=sync 3(i,j-s col,2} of sync_4

immediately on the left of sync 3 and sync 3(i,3-2*s col,2)
two syncs on the left of sync 3 1s egual to the difference
between sync 3(i,7,2) and sync_3(i,]1-s_cocl,2), the abscissa
sync_3(i,3,2) of sync 3 can be extrapolated Dy
sync_3(i,3,2) ¢ 2¥*sync 3(i,)-s_col,2)-sync 3(1,7-2%s_col,2}.
Moreover, assuming that the ordinate of sync 2 is eqgual
to the ordinate of sync 1 and the absclssa of sync_2 1is
equal to the abscissa of sync 3, sync_Z can be extrapclated
by the following.
sync_2{i,73,1}) < sync_1(i,3,1)

sync_2(i,3,2) <« sync_3(1,7,2)

In the cases in Figs. 15B to 15D, the syncs can be



23 oY £ SRyRE Y-S Col: DY sy 2 1

sync 2(i,j,2) sync 3(i,},2) sync 4(i,j,I) sync 3(i,j,I) sync 4(i,},2) F 2*sync
4(i,j+s col,2)- sync 4(i,j+2*s col,2) sync I(i,},i) O- sync 2(i,},l) sync_I(i,},2) O-
sync_4(i,j,2) Case of Fig. 15C: sync 1, sync 3, and sync _4 are
extrapolated. sync 1(i,j,l) v- sync 2(i,},1) sync_i(i,j,2) v- 2*sync_I(i,j+s
col,2)-sync_1 (i,j+2*s col,2) sync 3(i,j,i) <- 2*sync
3(i-s_row,j,l)-sync_3(i-2*s row j,1) sync_3(i,},2) v- sync_2(i,j,2) sync 4(i,j,l)
v- sync 3(i,j,I) sync 4(i,},2) F-.sync_I(i,j,2) Case of Fig. 15D: sync 2, sync
4, and sync _3 are extrapolated. sync 20(i,j,l) v-sync I(i,j,l) -89 sync
i¥9%s col,2) sync_4(i,j,1) <-

. cZSYng Al ro%b%l‘%@%é%;”%ﬁ%ﬁ 4,7 Y0cd2) 1 syneidiy.2)

sync-3 (i, J', 1) <- sync-4'(i, J;1

extrapolated.

sync_21{i,7,1) <« Z¥*sync Z(i+s _row,3j,1)=

sync 2{i+2%s row,7j, 1)

sync_2(1,3,2) « sync 3(1,3,2)
sync_4(i,3,1) « sync 3(i,3,1)

sync 4{1,7,2) <« 2*sync_4{i,i+s col,2)-

sync 4{i,J+2*s col,2)

T

sync_1{i,73,1}) < sync 2(i,3,1)
sync 1(i,73,2) ¢ sync 4(i,3,2)

Casgse of Fig. 15C: sync 1, sync_ 3, and sync 4 are

extrapolated.

sync_1{i,3,1) « sync 2(i,3,1)

sync_1(1,7,2) <« Z*sync_1{i,3+s col,2)-sync 1

(1,)+2%s _col,2)

sync 3(1,73,1) < Z*sync_3{i-s_row,],1l)-sync 3{i-2*s row

Gr1)

sync_31(1,3,2) ¢ sync_2{i,i,2)
sync_41(%,3,1) « sync_3{i,7,1)
sync_4(i,3,2) <« sync 1(i,7,2)

Case oI Fig. 15D: sync_Z, sync_ 4, and sync 3 are

aextrapolated.

sync 2{(i,7,1) < sync 1(1,73,1)
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sync 3(i,j,2) <- sync-2 (i, i 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
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 position. Fig. 16A describes
such are§amplin method,according . to.the present.embodiment and
illUSHAtes ar object pikel “pSsifich-(ph) - ’asfeﬁpiy%dsm@%%l 0 Synic-4)

Z*Stt@éfygpund the pixel position. In Fig. 16A, an area surrounded by the
syncs at four corners (syncl to sync-4) is shown as an area for 4 x 4 = 16
pixels: However, as describeghabove; whendhe sync intepkalsti( sper=24row
bits are set as the recording format according to the present

7, Lembodiment, the region surrounded by the four syncs (sync-1 - 90 to
sync 4) is a region for one unit (6 symbols x 6 symbols). First, in
pefféiming resampling Tor &tertain pixel position (object pixel position),

four Csﬁ/gc§ Ekiat%suwrr)ou‘gld ggl_% gbjggwixeL osition are determined from

[

coordinates of “the object pixetposition. The data pixel position is
ca@y}e&g@ and-dentified with @rl@ procedure described below,

For example, according to the method described above,
it is possible to extrapolate syncs such that respective
pixel positions Iin a page are surrounded by the syncs from
the four directicns. 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 lineax
interpclation using the four syncs that surround the pixel
rositicon.

Fig. 16A describes such a resampling method according
to the present embodiment and illustrates an cbject pilxel
position (ph) and four syncs (sync_i 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 = 1¢ pixels. However, as
described above, when the sync intervals 1_sper=24 bits are
set as the recording format acccording to the present

embodiment, the region surrounded by the four syncs (sync 1



using the four 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 position from sync_1 downward by nr bits
and to the right by me bits. Upon defining the object pixel position with the
position of sync! and or and mc, and after performing the following linear
interpolation in the vertical direction to calculate ph_1.4 and ph-2-3_iin
Figs. 16A and 16B using sync_Isync_4 and sync_2sync_3 ph_1.4 i={(i
sper-nr)*sync_I(i,j,1)+nr*sync_4(i,j,I)}/i_sper ah2.3 = .

o BiRSsper-niyrSyneC 36 §A)Aritrsynics 3l hYi_sper ‘At Grdingte phf 8 fiie™ = -
object pixel ¢an be caloyater) b Luther Aetforming.the Jolawna ingat

interpolation in the vertical direction using ph 147 and ph 23 i.

oo sPRIT{(_SpeF-e)tph, k4 1i+mesph 12,3 i}/i_sper Itdisexpeetedthatthisound
value has a value of decimals because positioning (detection of the sync
thepositiens) i ipearformediafteroversanplingandap-sealingc Thad ithetes of

value is divided into an integer paréghi int of the - 9i_ordinate and a

theqedniaf pakt phFfit Sthe ordinate 4s Foftws. phi i=Ag6 iy °* -°

caz%hi&g%&?i—%&"ﬁ{t similarly, after perfrming e JQWINGINEAL s peg pelow,
interpolation in thedh %

orizontal direction
using the four 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 iz in a position from sync 1 downward by nr
bits and tc the right by mc bits. Upon defining the object
pixel position with the position of sync 1 and nr and mc,
and after performing the following linear interpolation in
the vertical direction to calculate ph le4 i and ph 23 1 in
Figs. 16A and 16E using sync lesync 4 and sync_Zesync_3
pbml°4mi2{(iwsper~nr}*sync_l{i,j,l)+nr*syncm4{i,j,l)}/i_sper
phﬁ2°3*i${(imsper—nr}*syncMZ(i,j,l}+ﬂr*syncw3(i,j,l}}/imsper,

an ordinate phi of the object pixel can be calculated
by further performing the following linear interpclation in
the vertical direction using ph 14 1 and ph 23 1.

phi={ (i sper-mc}*ph 1+4 i4+mc ph_ 23 1}/1 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 into an integer part phi _int of the



ph 1.4 j={(i sper-nr)*sync_i(i,j,2)+nr*sync_4(i,j,2)}i_sper ph 2.3 j={(i sper
nr)*sync 2(i,j,2)+nr*syunc_3(i,j,2))/i_sper, abscissa phj of the object pixel
position can be calculated by further performing the following linear
interpolation in the horizontal direction using ph_1.4_jand ph 2.3].
phj=((i_sper-me)*ph_1.4 j+mc*ph_2.3 j}/i._sper This value is also
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) ph flt=phj-phj_int The
position of a pixel specified by the qrdinate phi an? the abscissa phj

ordiarbfaéd by ‘f‘héjﬁﬁgé‘ﬁairftéﬁggltétig% liﬁgﬁ“et vEHica ‘é‘\ireocrtﬁi);r]ﬂzfr?b(jﬁ the linear

fgihn(g@;?pplation in the horizontal direction using the syncs at the four corners
IS the object pixel position. In other words, the calculation of the ordinate
phtand the:abscissa phjiis - 92 equivalent to the calculation (detection) of
the object pixel position. By employing such pixel position calculation by
linearlinterpolation plespettive pixel positions can be properly identified
even when light of the respec;ivﬁ%@:xels *gf the SEc:f 4 are not cast on
ideat positions ort the imae séifsor1d. betauss of Bptical <"

interpolation in the horizontal direction

ph 1-4

(WS
il

_Ad={ (i sper-nr)*sync_1(i,3,2)+nr*sync_4(1,3,2)}/i sper
ph 2+3 3={(i_sper-
nr)*sync_z(i,j,2)+nr*syunc_3(i,j,Z}}/imsper,

abscissa phj of the objsect pixel position can be
calculated by further performing the following linear
interpolation in the horizontal direction using ph_1+4 35 and
ph 23 4.

phi={ (i sper-mc)*ph_le4 j+mc*ph 23 _j}/1_sper

This value is also divided intoc an integer part phj int
of the abscissa and a decimal part phj flt of the abscissa
as follows.

ph?i int=floor(phl)

phi fit=phj-phi_int

The position of a pixel specified by the ordinate phi
and the abscissa ph) calculated by the linear interpolation
in the vertical direction and the linear interpolation in
the horizontal direction using the syncs at the four corners

is the object pixel positicen. In other words, the

calculation of the ordinate phi and the abscissa phl is



distortion and the like. 4) Amplitude Value Calculation of Data Pixel
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. 16B illustrates a technique 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
@quﬁﬁﬁiﬁf%ﬁdﬁ corersth&aFdiifoutd theotjéct -pixel PositiolT identified as
. described above isperforme ~calculate pli value of the
p*xoﬁje%%)se&élftel)% éalcﬁtién)régt]ﬁg %%ﬁlﬁlitgé&eé \Pial%]g,%;ﬂe ?r%gﬁtﬁaag&? values rd 1,
calbh2 st 3rand rd -4atthe fourcorpeesthat suroupddhe ebject pixel
position are defined as follows. rd_1=i_rdata(phi_int,phj int) rd 2=i
postdataphi irephpmt+y orgs: o 3hiiedatafphiihteiph] inthad 4=i gdatagphithe
int+l,phj int+l) That is to say, these amplitude valuesrd 1, rd 2, rd 3, and

e SREA- arEtsignalafiplithdé Valugsin posiions OF thé four Bt that
posyrround the obiectpixel position, specifigd by,only e iggger part phiint
6 the ordinate

distortion and the like,
4) Amplitude Value Calculation of Data Pixel Position

After calculating the ordinate phi and the abscissa phi
of the obiject pixel position as described above, the
amplitude value at that pixel position 1s calculated.
Fig. 16B illustrates a technigue for calculating an
amplitude value of a pixel according to the present
embodiment. With the present embodiment, a method using
linear interpolation 1g 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 position ildentified as described above 1s periormed Lo

calculate the amplitude value of the object pixel.

ng the amplitude value, the amplitude

[

Iin calculat
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 1=1 rdata(phi_int,phi int)

rd 2=i rdata(phl int,phi int+l)



and the integer part phj int of the abscissa obtained by the calculation
described above. Also, note that strictly speaking, the amplitude value rd
-| 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
convenience of explanation, rd 2, rd 3, and rd -4 including rd _| are
defined as the amplitude values in the positions at the four corners that
surround the object pixel position. Linear interpolation in the vertical
direction using the amplitude values rd 1, rd 2, rd 3, and rd -4 and the
deéiﬂua?l:cbgéﬁgtﬁélﬁb}faiﬁﬁab%/'tﬁghbw& ‘calculation is performed as
fqllg%/s@ _Ldl 1@31;{%—{)%90*{9 t|+@r3i f!;[’_ﬁrdi4n rd 2 3=(_1-p_hi flt)*rd 2+flt*.rd
Finally, linear interpolation in the horizonta d“n}ectlon is performed as
desgribedalow ysing rd-td-and 1g123; which.are eltaingd by performing 3,
the linear interpolation in the vertical direction, and the decimal - 94 -
anccoordihates: i samplex(Qiphjufityrd citdeph) i fit* oo 213 This rd>Samipte
obtained here is an amplitude value of a pixel in the object pixel position.
fouR g 168 San ithage Wi T8 $ampiE detétnfinéd By e liméat-interpolation

in the vertical direction and ttee linear interpoption inthe. . .
specifled Dy only [ne Intéger parc' phl Int Of the ordinate

and the integer part phj int of the abscissa obtained by the

lctly

ct

calculation described above., Also, note That st

I

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 Iour
corners igs a value in the object pixel position. However,
for convenience of explanation, rd 2, rd 3, and rd 4
including rd 1 are defined as the amplitude values in the
positions at the four corners that surround the cbject pixel
positicn.

Linear interpolation in the verticel direction using

bl

the amplitude values rd i, rd 2, rd 3, and rd 4 and the

o)

decimal coordinates obtained by the above calculatilon is
performed as follows.

rd led=(l-phi f£i1t)*rd l+phi £lt*rd 4

rd Ze3=(l-phi f£lt)*rd 2+flt*rd 3

Finally, linear interpclation in the horizontal
dirsction is performed as described below using rd_ 14 and
rd 23, which are obtained by performing the linear

interpolation in the vertical dirsction, and the decimal



horizontal direction is shown. Since the method of calculating an
amplitude value of a pixel using the linear interpolation is employed,
amplitude values of respective pixels can be properly calculated even
when light of the respective pixels of the SLM 4 are not cast on ideal
positions on the image sensor 11 because of optical distortion and the
like. 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
Coorgn B Gbtained. Thatis to say, data in the page can be resampled to 1 x

1. in;this case. as above.the data in the.page is subjected to sparse

encoding in increments of symbol, so the finalvalues of “respective
regording-bitsafi0! @andils can berdatected byn performiingdiataaive of a
distinguishing by sort detection corresponding thereto. The sparse code
' pixfsldedodetEfopeacly bf thersymisols 16 <95 ultihateSconvert then image

_ detected bit values from 1 symbol into 1 byte, i.e., 8 bits. Recording dat
O K BRTBMOGUERA" By DpLting 16 dABTGRL SjiBBFEL Byte) decotiod'

veri 0L wayin the grder of data Nps, of, the, symbols, Gensequantlyy, .
reproduced data can be obtained. 6) internal Configuration of Resampling
horUBlintal direction is shown.

Since the method of calcuiating an amplitude value of a
pixel using the linear interpolation is employed, amplitude
values of respective pixels can be properly calculated even
when light of the respective pilxels of the SLM 4 are not
cast on ideal positions on the image sensor 11 because of
optical distortion and the like.
5y Data Distinguishing

By performing position identifying (calculation) and
amplitude value calculation described above regarding
pesitions of the pixels in a page, amplitude values of the
respective pixels in the page can be chtained. That is to
say, data in the page can be resampled to I x 1. In this
case, as above, the data in the page 1s 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 i1s decoded for each of the symbols to

|
O
(8
|



Fig. 17 shows the internal configuration of the resampling unit 23 shown
earlier in Fig. 8, for realizing resampling processing according to the first
embodiment described above. Note 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
extrapolation unit 23b, a data pixel position identifying unit 23c, and a
w1 PELamplitide vale caicuialing ynit 23d. Firsh a5 deseribed with 19,9
earlier,"image signals f&)ﬁowmg equalization processing at the eqﬁa izing
inefilter g2.ate inpuyt to the rgsampling.unit-23.-At the rgsampling. unik23, dhese
image signals are input to the sync detecting unit 23a. The sync detecting
by unit 23atpettprmisdetectionfofr the symcopadsitian, hased ofethedaputin this
signals input from the equalizing filter 22 and information of the recording
wayformat Geteramedbeforehant CSpeéificaliye tHe/pbsiticn of fhie §pReaRt LY -
the center of the pa e cent%r sggg)eig detected as - 96 described earlier

renRRA e ends t Py :

1 .@Tﬁereupbn, the positions of the syncs are

¢y delected.as deseribed earlier with-reference 10 fig. d2; based on the
detected center sync position. The sync extrapolation unit 23b performs
synme cextrapoationsbases amtherinformation of the: sync:paesitians:
resampling unit 23 shown earlier in Fig. 8, for realizing
resampling processing according to the first embodiment
described above. Note that in Fig. 17, the up-scaling unit
21, egualizing filter 22, and data distinguishing unit 24,
shown in Fig. 8, as alsc shown along with the resampling
unit 23. As shown in Fig. 17, the resampling unit Z3
includes a sync detecting unit 23a, a sync extrapclation
unit 23b, a data pixel position identifying unit Z3c, and a

pizel amplitude wvalue calculating unit 2Z3d.

ey

irst, as described with Fig. 8 earliier, image signals
following egualization processing at the egqualizing filter
22 are input to the resampling unit 2Z3. AL 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
egualizing filter 22 and information of the recording format
determined beforehand. Specifically, the position of the

sync at the center of the page (center sync) 1s detected as



detected by the sync detecting unit 23a. Specifically, sync extrapolation is
performed following the procedures described with reference to Figs. 13A
through 15D, using the information of the detected sync positions. The
data pixel position identifying unit 23c 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 230. Specifically, the

.__integer part phi_int of the ordinate and the decimal part phj flt of the

o5 GHARAE, SRS InBger. part ot IGH NG abe b and the GESGT Bar ™"

pos PRI AL Of the ahscissa.are calculated by linear interpolationy fallowing the
Procedures described with reference to Fig. 16A earlier. The pixel

w1t amplitudesvalue €alctdatinglunit 23debtains by«caleutation:theamplitude vric
values at each data pixel position, from the image signals following the

posggbalization processing at the equalizing filter 22, based on the 97
information of the data pixel positions pgi int, phi_fit, phj_int, and phj_flt
foresch data pef%éclﬁc%g iﬁ&dp O(%af&ﬂi’aée Y6y t%%r&a?iﬁngisxé? asition

oxt dentfying unitZ3c. Specifically, the amplitude, vajue foreachdatg pixgl; or

position is obtained by calculation, by performing the linear interpolation
detdescripesheartier with ceferencetorigunit 23a. Specifically, sync
extrapolation is performed following the procedures
described with reference to Figs. 134 through 15D, using the
information of the detected sync positlions.

The data pixel position identifying unit Z3c performs
determination of the data pixel positions within the
hologram page, based on the sync positions detected by Lhe
aync detecting unit 23a and the information of the sync
positions extrapolated by the sync extrapolatlon unit Z3b.
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 declmal part phi flt of
the abscissa, are celculated by linear interpolation,
following the procedures described with reference to Fig.
16RA esarlier.

The pixel amplitude value calculating unit 23d obtains
by calculation the amplitude values at each data pizxel
position, from the image signals following the egualization

processing at the equalizing filter 2Z, based on the



16B, based on the integer part phi int of the ordinate and the decimal part
phi fI't of the ordinate, the integer part phj_int of the abscissa and the
decimal part phj flt of the abscissa, and the amplitude values rd_", rd_2,
rd_3, and rd 4. As described earlier with reference to Fig. 8, the
information of the data pixel positions obtained 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
AL HESW ot be r%pCei% ed Iﬁr%“r:)éi’}?) E)%%e‘"?’i'rﬁgﬁltSReP%fs“gg ﬁésgr%ﬁl'm“g*t’
oh- ProgessingAggording to-the EigstEmbedimen Eits. 1819,20 flusirate
experiment results” (simulation results) for describing the effectiveness of
{ cathen Yesanplingtecheique according tocthe présent emebbodiment g unit 23c.
explained above. As results of experiments in which data recorded in the
spec8 ireebiding FSitattctording to thesre5ent EMBBdIRTaT i€ Hetdally
reproduced by performing resa glir_JL%, ttbe results of_an enggrirgleggteo
POSWhidh the Teprodtitiig tedinitiie according ‘to the present embodiment
1:nPas been applied are,shoyn i kig.. 18, and resulis;ef-aneperment iR, »ig.
which the reproducing technique according to the related art has been
1épappliegearecn the integer part phi int of the ordinate and

mntT

the decimal part phi flt of the ordinate, th

U]

Y

ger part
phj int of the abscissa and the decimal part phj_flt of the
abscissa, and the amplitude values rd 1, »d 2, rd 3, and

rd 4.

w1
9

As described earlier with reference to ¥ig. 8, the
information of the data pixel positions obtained 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 to 20 illustrate experiment results
(simulation results) for describing the effectiveness of the
resampling technigue according to the present embodiment
explalned above.

As results of experiments in which data recorded in the



shown in Fig. 19. Also, the results of an experiment in which only the
detection of the syncs (excluding detection of page center sync) of the
reproducing technique according to the present embodiment has been
applied, the technique according to the related art has been applied to
subsequent data pixel position determination and amplitude value
obtaining at the data pixel positions, are shown in Fig. 20. Specifically, as
for data pixel position determination and amplitude value obtaining at the
data pixel positions according to the related art, a technique was used

reChdleiN poditihs &F&t&ié“&lp‘“&e%%e?&%e?é%?@&ﬂiﬁm%?‘?@éﬂ&&?%gﬁél of
actd X4 based on é%%glﬁ’sﬁgt nes.and thesevalues jere taken as the o ¢
I%des values. [n each ?

ampli of Figs. 18 through 20, error distribution in a

an Page:SER/(SymbolErrer Rate), angd-SNRLSHN ratio)rare shewncas rding
specific experiment results. The error distribution in a page is indicated by

to outine sgaares iarthe figuren Dduble tstparesindicate erorssimcbi 1 Fig.
increments (bit error) at the inner frame thereof and errors in symbol

18/ ingFeméfits tSymbol - 99 BFHOR HTRE outet fidmé theresr. ARFCa b $86n

cecfigiBthe fesults inthe fesnective diagrams have been abtaingdy o 4.
performing Up to the data distinguishing following resampling. The

shoteehnigue for data distinguishing is thes same as-described-above:fer beth
the case of the present embodiment and the related art.
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 technigus
according to the related art has been applied to subseguent
data pixel position determination and amplitude value
cbhtaining at the data pixel positions, are shown in Fig. 20.
Specifically, as for data pixel position determination and
amplitude value obtaining at the data pixel positions
according te the related art, a technigue was used wherein
positions of oblect pixels were selected from a readout
signal of 4 x 4 based on the closest syncs, and these values
were taken as the amplltudes values.

"In each of Figs. 18 through 20, error distribution in e
page, SER [(Symbol Error Rate), and SNR (3/N ratioc) are shown
as specific experiment results. The error distribution in a
page is indicated by outline sguares 1n the figure. Double
sgquares indicate esrrors in blt increments (bit error) at the

inner frame therecf and errors in syvmbcl increments (symbol



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 that is
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 rig. 18, it can be seen that
the concentration of errors due to failure in sync detection is marked| .
€I Yiievidted-and ?)Bgf?izéng Vilste eifors Soeur 4re (ﬁ?ﬁlerggd Saese\‘/?/eﬁ%éhe e
res{ymber of the.errars heing markedly reduced .| thisgase, the, SNR was
3.25. From these results, it can be understood that the resampling
periechiique ageordingite the: qresant:embedigient deseribes.dbaye is more
capable of properly reproducing data as compared to the resampling
restathhigue-accbiding 46 the. falgteticait. 56, consparirgitheresdlts-shovins
in Fig. 20 with the - 100 application of the entire resampling technique
NG AT T0™ ShE Présent embbdimeht sHown EiG. £8 showsHhaL While
mpEHors.slightly increase, distripytian. of errors is practically the same as
that in the case of Fig. 18, and compared with the application of the

technigite, accosdingfostheetated aet showminikGi 19, marked redyctiony
in errors
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. 1In particular, the error rate 1is

o

particularly high at the cuter peripheral portion, to an
extent that is practical use thereof would be difficult. In
this case, the 3NR was 2.03.

On the other hand, in a case of employing The
resampling technigue according to the present embodiment
showr in Fig. 18, it can be seen that the concentration of
errors due to failure in sync detecticon is markedly
alleviated, and pcsitions where errors occur are dispersed
as well as the number of the srrcors being markedly reduced.
In this case, the SNR was 3.25. From these results, 1t can
be understood that the resampling technigue according to the
rresent embodiment described azbove 1s more capabkle of
properly reproducing data as comparad to the resampling
technigue according to the related art.

Also, comparing the results shown in Fig. 20 with the
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is realized. In this case, the SNR was 3.24. it can be understood from the
results in Fig. 20, that it is effective to detect each of the syncs using
multiple syncs, as with the present embodiment. Concerning the method
of detecting the sync at the page center using multiple syncs, the
technique does not exhibit the advantages thereof alone, since this is not
for determining final sync positions. However, when timing recovery is
performed by extracting a later-described two- dimensional clock as with a
second embodiment for example, the position of the page center is

2PP Ydieiminsd &< the'findl pddiforing TFalpdye, PwhichitedtEaT Be Said ©

thethg?}etzhs%nt_%?%n' ue of defermining a,page; centel;position using. mulfiple .
syncs as with the present embodiment excels over the technique of

er rdetermining apAge: centelspositian; using.enlyonessyae-Overalk
Reproducing Properties including up to Resampling Using Linear

pramterpoldtiontFre mepreducing properties béhaving peffofmed upfto a101
the resampling according to the first embodiment following signal readout

COTHRtA LOhEreTit addftionPWillbe destrited With reférehdd o FiisT 1A 1Y O

thethJEOli%Q;ezaéBaEi{St Evlzgv?n Z%agq Z.}BliBLfSt{nat%}g(e)&npgéi 8@1"[%%%“5 I errors
.be?ween a case Wshereln resampkflng accordﬁl\ng to the first embodiment

is has beenperformed,;and a case whareinpixelas 3.24. It can be

understood from the results in Fig. 20, that it is effective

to detect each of the syncs using multiple synces, as with

the present embodiment.

Concerning the method of detecting the sync at the page
center using multiple syncs, the technigque does not exhibilt
the advantages thereof alone, since this is not for
determining final sync positions. However, when timing
recovery i1s 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 1t can be saild that the
technigue of determining a page center position using
multiple syncs as with the present embodiment excels over
the technique 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



matching has been performed. in Figs. 21A and 21B, the horizontal axis
is the amplitude value of 1 x 1 pixel obtained by performing simple
thinning out of the 2 x 2 over-sampling results calculated in Figs. 9A and
93 described above. Also, the horizontal axis is 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

therdsaipling tBENFitGE of At pixel position Tdertifing AR AmpItuds ™9

sigF “'%‘Egﬁb%sé”%@% linear interpolation.according §9 e first. ;. peq
embodiment descri edcabove, can perform proper resampling evenin a

witeasethat a-partway eversampling-rate 9f4.33261.33, which is not a
multiple of an integer, has been set, since linear interpolation is used.
Alst the simitlator usedl fendbtdiRinglthe sesultssshovwrimrRiger2 1A andt s
21B is the same as the simulator used with Figs. 9A and 9B above. Also,

- beti§en 02 méftiona pesitionaisHifting of tie-fecbrdiRg image hastbésrt

e 2gfomed in the, simylation with this case;as well,and, accordingly the
amplitudé values based on the 2 x 2 over- sampling results on tHe

nathorizontal-axis,inFigs 214 apd 21B candbehandled agheing ine same
as a case wherein pixel matching has been performed.

horizontal axis is the amplitude value of 1 x 1 pixel
obtained by performing simple thinning out of the Z x Z
over-sampling resuits calculated in Figs. 9A and 9B
described abhove. Also, the horizontal axis 1s the results
of naving performed resampiing using linear interpolation
without performing optical pixel matching. Here, resampiing
results of a partway over-zampling rate of 1.33 x 1.33,
which 1s not a multiple of an integer; show the
effectiveness of resampling by linear interpclation.

Note that the resamplimg technigue of data pixel
position identifving and amplitude calculation, using the
linear interpolation according to the first embodiment

described above, can perform proper resampling even in a

Fby
E.—'
)
)

case that a partiway over-sampling rate o » 1.33, which
ig not a multiple of an integer, has been set, since linear

interpolation is used. Alsc, the simulator used fo

=

obtaining the results shown in Figs. Z1A and 21B Is the same

as the simulator used with Figs. %A and 9B above. Alsc, no



Fig. 21A illustrates a case of no phase mask, and Fig. 21B illustrates a
case with phase mask. in both Figs. 21A and 218, the values of the
horizontal axis and vertical axis generally agree, as with the case of Figs.
9A and 9B described earlier. This shows that even in a case wherein
optical pixel matching is 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 to performing

.. the resampling using lingar_jnterpplation_according to the first .

I Ehibo ir%“én?g é“sslc“ri‘b%é‘aa%bg\b& (%vr\},@gthcé‘evt('mal"lhu@atijfr)%‘“vc()ffﬁgl of"NTMSE" nas
bestNgtmalizedMean Square;Brran) is defined-to quanditatively gstimate;, ana
computation error of sampling using linear interpolation, in the following

accDMSEdefinition expressionis=NMSE:= sobtzmedn squatesofi{Ax- B) bmean
power of A where A represents the amplitude value at a data pixel

sanpesition obtaihéd irPa case wiisre pptitalpirel niatehing s beefy and 21B
performedﬁanjd Bﬂregreﬂsents he ar[}%litude value at a - 103 data pixel ,

can hBEitioh Salciiatdd by Te8ampling teihg the Ineat itefpolation according

nat 9 thepresent.embodiment, As gan be understood from this definition

expression, the smaller the deviation is from a case where optical pixel

matghingzias beenperfermed @.ecdbe bettenthesreprodueibility i) theig.

smaller the value of NMSE is.
21B illustrates a case with phase mask. In both Figs. Z1A
and 21B, the values of the horizontal axis and vertical axis
generally agree, as with the case of Figs. 93 and 9B
described earlier. This shows that even in & case whereln
cptical pixel matching is 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 to performing the resampling using linear
interpolation according to the first embodiment described
above.

Now, the evaluation value of "NMSE" (Normalized Mean
Square Error) is defined to guantitatively estimate
computation error of sampling using linear interpoclation, in
the fellowing NMSE definition expression.

NMSE = root mean square of (A - B} / mean power o A
where A represents the amplitude value at a data pixel

position cbtained in a case where optical pixel matching has

been performed, and B represents the amplitude value at a
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Now, let us consider the relation between aperture size and
over-sampling, using such an NMSE. Figs. 22A and 22B are diagrams
illustrating the relation between aperture size and over-sampling rate by
NMSE, and more specifically are graphs illustrating the change in the
value in NMSE as to a range of aperture size 1.0 through 2.0 in the five
cases of over-sampling rates having been set at 1.0 x 1.0, 1.143 x 1.143,
1.333x1.333, 1.6 x 1.6, and 2.0 x 2.0. In these diagrams, the horizontal

axis js the aperture size of the. Nyquist aperture ratio, and the vertical axis
daty tﬁeﬁl@lsﬁo %é%r%%ﬁﬁ&ﬁ%ﬁ%ggﬂn@/ {15 Uit of the Sadiof- Hre

11 nQUe-Sql S g rate of 2. 00&%@8%% 0x,2.0) Is %%SQHW”% gosgsge%ﬂg
results o case of the over- samp ing rate of 1.600 times (1.6 x 1.6
p'QiEEdc\é{t’ﬁh sauarese the: results:efithe case @ the ever-sanaplngrate of ,
1.333 times (1.333 x 1.333) is plotted with triangles, the results of the

thecaseofithe ovet-samplingirate 0fs1.148ntintes-@s43 kel 248 isiplettedp 1 xe 1
with inverted triangles, and the results of the case of the over-sampling

matidid of 11600 tiRes (?%rxf T é)luseplottéd“ﬁntﬁec‘ir*&%s Eit 22A

|II trat aIE %se of no phase mas and F |Ilustrate[\ﬁ\,l%£ase ywth

S

repéhase ma Re T resu’lts of both gs 27 and 82% Bshown are for cases

of performing samplings usivg lingar interpolation-afterhaving-performeds ; 7 ¢
linear readout by coherent addition according to the present
and over-sampling, using such an NM3E. Figs. 223 and 22B

are diagrams illustrating the relation between aperture size
and over~sameling rate by NMSE, and more specifically are
graphs illustrating the changs in tThe value in NMSE as o a
range oI aperture size 1.0 throucgh 2.0 in the five cases 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

(oY

giagrams, tThe horizontal axis is the aperture size of the
Nyguist aperture ratic, and the vertical axis is the NMSE.
As shown in the diagrams, the results of the cass of
the over-sampling rate cf 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 1.0) is plotted with squarses, the
results of the case of the cover-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 (1.143 x

1.143) is plotted with inverted triangles, and the results

of the case of the over-sampling rate of 1.000 times (1.0 x
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embodiment. The simulator used here is the same as the simulator used
with Figs. 9A and 9B earlier. Also, as a comparison, Figs. 23A and 23B
illustrate the calculation results regarding NMSE the same as with the
case of Figs. 22A and 22B, but performing resampling using linear
interpolation according to the first embodiment in a case of using the
technique according to the related art where linear readout with coherent
addition is not performed. Fig. 23A illustrates a case of no phase mask,

. ~and Fig. 23B iIIustnaI?s a case with phase mask. What is common

o “Eeﬂ?\?e l%%??z)-‘\“ahd 228 &nd Figs. 23A and 23B is that the value of

NMSE is smaller if the Qg@géamiggéagefisf%ff%%%@&y great.as 1o, the-y .

aperture size. Specifically, it can be understood that in a case of the

2 2 poverisampling:rate of 243X 21Q plotted swithneresses, Ane withhartaperfureoth
size of 1.0, the NMSE is the smallest, and good reproduced signal

F'igprospéfitieséan be obtained=Takihg thispremiselfinfrédisideration afe L 1ng
_looking at the results of the technigue according to the related art, - 105

uS I sfowrt it Figs: 23R 238, 1h the cae BF Fo phaSe Mask"shown'irt Fig.
- reaf¥nINE NMIEEAOLAA S0 0 4 caneobauat,samping rale o 2,0 x 2.0

and aperture size of 1.0, which is a value at which practical use can be
embiadeeHOWeVeF.dn sthis.case; thereds naavay tosperfarmsbigh-densityie

recording by multiplexing hologram pages using phase masks in this
simulater ussed with Figs. 9A and 9B earlier.

Also, as a comparison, Figs. 23A and 223B illustrate the
calculation results regarding NMSE the same as with the case
of Figs. 22Z2A and 22B, but performing resampling using linear
interpolation according to the first embodiment in a case of
using the technigue acccrding to the related art where
linear readout with coherent addition is not performed. Fig.
237 1llustrates a case of no phase mask, and Fig. Z3B
illustrates a case with phase mask.

What is common between Figs. 222 and 22B and Figs. 234
and Z3B is that the value of NMSE is smaller 1f the over-
sampling rate i1s sufficiently great as to the aperture slze.
Specifically, it can be understood that in a case ol the
over-gsampling rate of 2.0 x 2.0 plotted with crosses, and
with an aperture size of 1.0, the NMSE is the smallest, and
good reproduced signal prospérities can be obtained.

Taking this premise into consideration and looking at

the results of the technigue according to the related art



case, as a matter of course. With the case of Fig. 23B 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 related art, 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 22B, it carLb seen that the NMSE value is lower overall
Shoys comparéd with %ﬁaﬁﬂ?igg.BZS& Bnd 23651 ot chsed 0FS phgse”

shofaskn Fig, 22Asand with phase mask, in Fig, 22B. Specifically, we-cae -
confirm that the value of NMSE is smaller than 1% if within the range of

samgatisfying sthe condition of the Nyquist samplingdhearem drat 'over-which
sampling rate > aperture size" holds. From these results, we can

is anderstandithatwiththe eresentdmbedinient, reprodited sigmalever, in
_properties - 106 approximately the same as with a case of optical pixel

thifatéhig cat BEObtSINBl aé8ng askific LoRGitONS OF te' Samplihg o r e
oy HEolemAIE salisherh dp olheryiords, exerp gaseswhera aptianl bhet
matching Is not performed, performing linear readout with coherent
«asadditien gnablesrepseducead-signal properties equivalent to a case of
optical

With the case of Fig. 23B 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 related art,
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. 222 and 22B, 1t can be seen that the NMSE value is
lower overall as compared with that in Figs. Z3A and Z3B, in
beth cases of no phase mask in Fig. 22ZA and with phase mask
in Fig. 22B. Specifically, we can confirm that the value of
NMSE 1s smaller than 1% if within the range of satisfying
the condition of the Nyguist sampling theorem that "over-
sampling rate > aperture size" holds.

From these results, we can understand that with the

present embodiment, reproduced signal properties



pixel matching to be obtained, by over-sampling and resampling
processing. Moreover, even 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 sampling 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

aPPiPiAl fHetredanipiing Procéssing §& paricfied WithE ditfefentiediique.
mat SESMPl0g %5’5&@@55‘ Jya-Dimepsional Glock With the resampling;, .

processing according to the first embodiment described above, a
sami€chpigueris employedwherein rsyie. positionsdnserted irda hologramin

pages are detected, and the data pixel positions are identified based on
casthe sy\|c positions:ZThatisto say syncidepeadentiresamphinged07 is

performed with the first embodiment. However, in thg1 case of performir;gg

£ g 13 5 T +. i ant,. |
persGeTsyHE-depeiftent SRLaMpliig T actia practic @ great nGiber 6
repJgn 208 Bieterably cmbedded in the holograg inrder [BEBSUE oo ca

determination precision of data pixel position at a certain level. In this
o1 x88NSE; the technigueef perfarminaisyns; over-sampling and
resampling processing.

Moreover, even 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 properiy
reproduced by sampling using linear interpolation.

Second Embodiment

Next, a second embodiment of the present invention wiil
be described. The second embodiment is the same as the
above first embodiment in that the above-described lineax
readout with coherent addition 1is performed, and differs
from the first embodiment in that the resampling processing
is performed with a different technique.

Resampling by Extracting Two-Dimensional Clock

With the resampling processing according te the first
embodiment described above, a technigue is employed 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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dependent resampling encounters difficulties in enlarging the recording
capacity of user data. Further, with a case of performing sync-dependent
resampling, of syncs are damaged, there is the possibility that effective
resampling may not be performed. Moreover, while sync-dependent
resampling is extremely effective regarding shifting in the planar 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

L5 BRAhHgEEs Welitin'the firdtpiac& ERed BRétintended to be used as
informatan for sectignin %%d%tlermi%ggod%[‘ inerements inn@—s’c%% ev%’zr&ﬁé%t
it i [ dfo

bit synchronization is realized (i.e., where sectioning is fixe eac
re s bub i, the-casetaf aqarpying out procedytes-ef ideptifyingdhe Pestions re
of the syncs, and than identifying the position of the data pixels based on
prethersyntypasitionsdas with thedirsttémbodiment, thelsyncs-arerused=for
“bit synchronization, meaning that - 108 this usage is different from the
AeT GRGINARY rtenddtGsage> "AECortimigly, Withtthe lseBohd @misodifmeRt &k 2+
technique is proposed wherein a.two-dimensional clock.is extracted form
o reateu e Sl ShE Ao aAol DA o Feriad phsd
depenthe wa-dimensional dock. Spesifically, rthis-invelves extragting rging
two-dimensional clocks in the x
the recording capacity of user data.

Further, with a case of performing sync-dependent
resampiing, of syncs are damaged, there 1s the poegsibility
that effective resampling may not be performed. Moreover,

while sync-dependent resampling is extremely effective

o

:1fTing in the planar direction of the received

ot

regarding s

image, ensurin

]
is}

placement precision mayv be relatively

l__l

difficult in the event that the image has besen
enlarged/reduced, and further, ensuring placement precision
may be difficult regarding rotation of the image as well.
In the first place, syncs are intended tc be used as
informatiocn for sectioning predeftermined data increments in
a state where bit synchronization 1s realized (i.&., where
bit sectioning is fixed for each 17}, but in the case of
carrying out procedures of identifying the position cof the
syncs, and then identifving the posgition of the data pixels
based on the sync positions, as with the first embodiment,

the syncs are used for bit synchronization, meaning that



direction of the readout image (e.g., horizontal direction) and y direction
(e.g., vertically direction), and identifying the positions of the data pixels
from the intersections thereof. identifying data pixel positions based 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 configuration of the
recording/reproducing device according to the second embodiment. The
recording/reproducing device according to the second embodiment differs

thifioRFihaTecording/reproducing “deviés Caccdrding 18 thefirseded usage.

embodiment omly in that,the , configuration of.the data reproducing unit 13 .
. RACcor 1n%¢ wilh Thé s&Cond embodimeh 51 %sc nigue is
IS Eferent, and-dther configurations are the same as tHose shownin

probi@sedl and 3. Ascardingly.dn-the following, the internal configurationsofry,
the data reproducing unit 13 which the recording/reproducing device

theacecerdingttoitne secendremboediatent dasawilh besdescribed.Eigs24 iza
block d@i%gram illustrating the internal - 109 configuration of the data

LdergproaEing BRR A 33Which the” TecGreieproduciig dévice acEsaing o 1Y

-n: e, second. embodimentincludes, Note that in Fig- 24, components which

ﬁave af?ea&y beén descrfbe% ng |g.H§3“are enote Wlt%'l F]e same
a1 reeference numerals, and description thereef willbe, omitted.) direction)
and y direction {(e.g., vertically direction), and
identifving the positions c¢f the data plxrels from the
intersections therecf. Identifving data pixel positions
based on such two-dimensional c<locks would do away with
dependence on syncs for identifving the data pixel positions.
Configuration of Reproducing Device

The following i1s a description cof the configuration of

the reccrding/reproducing device according te 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
configuraticon of the data reproducing unit 13 which the
recording/reproducing device according to the second
enmbodiment has will be described.

Fig. 24 i1s a block diagram iiiustrating the internal
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As can be understood by comparing Fig. 24 with Fig. 8, the data
reproducing unit 1.3 of the recording/reproducing device according to the
second embodiment differs from the data reproducing unit 13 in that a
resampling unit 30 has been provided instead of a resampling unit 23,
and also a page sync positioning unit 33 and a symbol extracting unit 34
have been inserted between the resampling unit 30 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
congiaPamplitide/allie! Bbtiifg AR B2 As'SHowH ihFig "2 the s the
cecMcsimensional clock, exisaging. data pixelposiion denifying upit 31 i
supplied with image Signals following eéqua ization processmg(from the

embedualizing filkern2z2; Ihe two- dimensipnalclockextractingd gata pixel wnich
position identifying unit 31 performs two-dimensional clock extracting
havprocessiagyramt¢he image sigpdlsyinpht from thé egualizing fitted22 2anid the
data pixel position identifying - 110 based on the two-dimensional clock.
samRofethat e Spedific irocessiy of fs:dinkensiohal dfock extracting and
% tgdpixel position identifying based on the two-dimensional clock
“performed by the two-dimensional clock extracting / data pixel position
:d%ifxé@% upit 31, apd the internal copfiguration thereof, will be-described |
ater.
the data reproducing unit 13 of the recording/reproducing

om

device according To the second embodiment differs from the
data reproducing unit 13 in that a resampling unit 30 has
been preovided instead of a resampling unit 23, and also a
page sync positioning unit 33 and a symboel extracting unit
34 have been inserted between the resampling unit 30 and ths
data distinguishing unit 24,

Provided in the resampling unit 30 are a twoe-
dimensicnal clock extracting / data pixel position
identifying unit 31 and a pixel amplitude value obtaining
unit 32. As shown 1in Fig. 24, the two-dimensiocnal clock
extracting / data pixel position identifying unit 31 is
supplied with image signals following sequalization
processing from the equalizing fiiter 2Z. The two-
dimensional clock extracting / data pixel position
identifying unit 31 performs two-dimensional clock
extracting processing from the image signals input from the

equalizing filter 22, and data pixel position identifying
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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 the two-dimensional clock extracting / data
pixel position identifying unit 31. The pixel amplitude value obtaining 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 identifying unit 31. The specifics of the amplitude value obtaining
basgfocessing perfirmedii the Opikel &mhplitide VARIE obtafing Gfit 32wl £1c
also Sbe desgrib%dol_aé%rm'erplg gggg sy(r:chI é)CQSitieO}rgl:nIgaléI:lCit 33 performs page

rocessing. . orn. X 9 141 arnl =%
P Sync positioning processing based on the information of ampiified Vafues

pixatithgdata pixel pasitions obtained by the, pixel, amplitude; value obtaining
unit 32. That is to say, the page sync positioning unit 33 identifies at
<1 owhicheposSitiomeon the reeording-foimat that thel identified datarpixelsng /
__(more - ill particularly, the amplitude values thereof) correspond to. Also,
dathelsyhthol Extrae g unit 34 extrattsthelsymbols ithin the halograma
Con%?%e 9%5%%% on gtk'ule irgor%natioj{'uq gf thg %ata ix?}ls Iﬁn the recording format
that has beén identified bybtvhe*paé)e syr?g ositio 'né%ﬁeﬁ?& In the case
0fﬂ¥%§§°9ﬂ§$§@b@@ﬂﬁg$th@f%ﬁp@ngequalizing fiiter 22 are
input to the pixel amplitude value obtaining unit 22, and
also input is information of the data pixel positicns
identified by the two-dimensional clock extracting / data
pixel position ildentifving unit 31. The pixel amplitude
value obtaining 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-dimensiocnal clock extracting /
data pixel position identifying 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
pogitioning processing based on the information of amplified
values at the data pixel positions obtained by the pixel
amplitude value obtaining unit 32. That is to say, the page
sync posltloning unit 33 identifies at which position on the

recording format that the identified data pixels (more

[
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values for each of the data pixels are grouped into 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
Pa r$acghe® embodiménteserpicn Wkpdteed i fiiefollGRingEsTaerc to-
1 ;Directiongl and v-Directional bifferentiation. 2, Nonlinegy Processing
Wo-Dimensional Fourier Transform Processing 4. Extracting Cloc
wit%'gﬂalc@.@n}mﬂ@@t:gmpﬁéﬁ% SBQ%%@C§§SLBH@' {nverse Foungr U@n@wm
Processing 7. Zero Cross Line Extraction - 112 8. Zero Cross Line Grid
datRoint Exfraction Htishouklhe fdoted that-inzthe following deiserptionjicthei £ied
term "clock signal” is used in the sense that a "signal” is two-dimensional
by Ravingakeafirtfuantifl and aceerdifgly isequivalent to a
twe-dimensionalimage, The coordinate, systemin expressions ofihe..
image will'be represented in
values for each of the data pixels are grouped into
increments of symbols by the symbol extracting unit 24, and
input to the data distinguishing unit 24. Note that the
specifics of page sync positioning processing performed by
the page svync positicning unit 33 and the symbcel extracting
processing performed by the symbol extracting unit 34 will
aiso be described later.
Specific Example of Resampling Processing by Two-Dimensional
Clock Extraction
The following 1s a description regarding the specifics

of the resampling processing according to the second

empodiment. Description will proceed in the following order.

X-Directional and Y-Directlonal Differentiation

2. Non-linear Processing

3. Two~Dimenslonal Fourier Transform Processing
4, Extracting Clock Signal Component

5. Phase 3hift Processing

6. Inverse Fourier Transform Processing

7. Zero Cross Line Extraction
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the drawings with the X-direction toward the right and the Y-direction
toward the bottom. X-Directional and Y-Directional Differentiation First,
Figs. 25 and 26 illustrate a sensor output 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 prerequisite for the

8. follGwid-desthiption s werwil saythat fhé5hfage’size of the sensor output

image shown.in @gn%%iesdl%“aﬁ 19%‘1@;%@'%@!@1@91%“ the. description.
of tJhe flsrst em%o iment given earlier, the over- sampling rate In this case

thelSZ% R, 8¢ this means-that 2 Xs 2pixels of therimagersensondd 2 "signal®
correspond to one pixel of the SLM 4. That is to say, one pixel worth of

is imageddtthe sSbie4 isweceivedavittfolr pixglsofthelimagesensoptdingly

~ 113 While this ratio can be considered to be generally constant, the

is GgtesPhases) st poshitmirt - V& wiBel: abtithere isHluctastion within

sy<le mage aswell Also. even fithe ratlo s generali consiant the o -,
over-sampling rate changes, and there is fluctuation within the image as

chavell Further, it should be noted thatthere & aHoUShe right and the
Y-direction toward the bottom.

1. ¥-Directional and Y-Directional Differentiation

First, Figs. 25 and 26 illustrate a sensor output 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 1is difficult Lo 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 is 1024 % 1024 pixels. In line with the
description of the first embodiment given earliier, The over-
sampling rate in this case i1s 2 x Z, so this means that Z X
2 pixels of the image sensor 11 correspond to one pixel of
the SLM 4. That is to say, one pizel worth of image at the

LM 4 is received with four pixels of the ilmage sensocr 1l.



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- sampling rate, the number
of valid pixels of the SLM 4 in this case is 512 x 512 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 is double
hotiZontallyerticafly e 1624 %1024 pixefs st the image SRownin Fig.

congzAIS0, it £an be, poderstood thaf this i@%%%?@n%?f“@a&%%% RXels

In Fig. 26 is four times horizontally/vertically the 512 x 512 pixels of the
andStNe4 deseribad.earlier. {Ihis is due to 4 x4 Up=sealing having.been sco,

performed overall as a result of 2 x 2 sampling and then 2 x 2 up-scaling
evehavihg beenpetformed. Witiethe presentenbodiment awogirmensidhal 11d

signals - 114 (image) following up-scaling such as shqwn in Fig, 26 are

£a T Broces8él fu extrict the Seditéctioh Biockand Y-direction clock imehided®
v e e e st el oerored osed .
typthe SEMe4areidentified inthe agen, and deterioration within
the sensor output image.

Also, as can be understood from the relation between
the image size of the senscr output image and the over-
sampling rate, the number of valid pixels of the SIM 4 in
this case i1s 51Z x 5172 pilxels.

Comparing the sensor cuiput image in Fig. Z5 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-sceling rate 1s 2 x Z, =so the image
size of the image shown in Fig. 26 is 2048 x 2048 pixels,
which 1s double horizeontally/vertically the 1024 x 1024
pixels of the image shown in Fig. 25. Alsc, it can be
understocd that this images size of 2048 x 2048 pixels in Fig.
26 1z four times horizontally/vertically the 212 x 512
pixeis of the SILM 4 described earlier. This 1s dus to 4 x 4
up-scaling having been performed overall as a result of 2 x

2 sampling and then 2 x 2 up-scaling having been performed.

With the present embodiment, two-dimensional signals
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To this end, first, the two-dimensional signals following up-scaling are
subjected to each of X-direction differentiation processing and Y-direction
differentiation processing. Figs. 27A and 27B illustrate image processing
masks used in the differentiation processing in this case. Fig. 27A
illustrates an X-direction differentiation mask used for X-direction
differentiation, and Fig. 27B illustrates a Y-direction differentiation mask
used for Y- direction differentiation. As shown in Figs. 27A and 27B,
these rp%i s are two-dimensjonal impu|se responses with Ehe cegfger

( lm?)gésni}ioh R Brigin fand-Convotution thereof 2876 the imagé performs

orodeditection differeptiation and;Y- direction djffergntigtion, respegtively.it is,
widely understood that the term "image processing mask" may also be

cloealledoperator'i These masks=great-ddirectiandifferentiationcand
Y-direction differentiation making up a Sobel operator for image

ideprocessingiasdestribedaltgre andds widely uséd irtdifférshititiof L ocks -

. rocessing. Specifically, the size of these masks is a t%tal Cif 9@1- 11:5r che
Thahixefs 63 % 37pixel8 ahd the X difection Hiffetentiation niaskpatteth id ™
5101042 Qs +200 710, 1 for  the X-djrection lines (rows) in order from the

top. Also, the Y-direction differentiation mask pattern is "-I, 0, +1", "-2, 0,

+2%5"- 10,5l " e foi the Yrdirectiondinesd(calumnsy inaeder from thesleft.
following up-scaling are subjected to each of X-direction
differentiation processing and v-direction differentiation
processing. Figs. 27R and 27B 1llustrate ilmage processing
masks used in the differentiation processing in this case.
Fig. 274 illustrates an X-direction differentiation mask
used for X-direction differentiation, and Fig. Z7B
illustrates a Y-direction differentiation mask used for Y-
direction differentiation. &s 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 also be called "operator”™. These masks are X-
direction differentiaticn and Y-direction differentiation
making up a Sobel operator for image processing as described

alter, and is widely used in differentiatiocn processing.

Specifically, the size of these masks is a total of 9



As for differentiation processing using these masks, X- direction
differentiation using the X-direction differentiation mask and Y-direction
differentiation using the Y-direction differentiation mask are performed
independently with the present embodiment. That is to say, the
two-dimensional image signals following up-scaling are distributed to two
systems, with one performing convolution with the X-direction
differentiation mask, and the other performing convolution with the
Y-direction differentiation mask. That is to say, the two % tgms of

P1Z§y6-ditherisional fhage Sigridis'siibjEctedtd S direGibr differentiation = ©"
masgr%ca§§%n%aq%twg-gifm%nsigga.l image signals subjected to,Y- difection,, -
ifferentiation processing are obfained as a’ result of the differentiation

< he Progessingdndhis casesAs ferthe specifie-rontents:of giffereatiationriso,
processing, in the two-dimensional image signals following up-scaling,

thethie-centerof the mMasdk mraligniegitwitty one sobjectpizeland the values of 17

.. the corresponding positions, of the mask are multiplied on the values of

"2 thdobjél pixel-116 and-the stffounding pikels =Fhe Hihe valis

(Cogbtarllns d as aog:eéeullft af%&[ngﬁeul%g the results thereof are the

Herentiation processing results for the object pixel. This processing is
preformed an:eachpixelin the twe--dimensional signals follewingnasks, x-

up-scaling. An image obtained as the result of such differentiation
direction differentiation using the X-direction
differentiation mask and Y-directicon differentiation using
the Y-direction differentiation mask are performed
independently with the present embodiment. That is to say,
rhe two-dimensional image signals fcollowing up-scaling are
distributed to two systems, with one performing convolution
with the X-direction differentiation mask, and the other
performing conveolution with the Y-direction differentiation
mask. That i1s 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-dimensional image signals following
up-scaling, the center of the mask is aligned with one
obiect pixel, and the values of the corresponding positions

of the mask are multiplied on the values of the object pixel

I
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processing having been performed is an image wherein the 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 value 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
absolute value is 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 compapent is.an impoytant i j
source for cfoc %&?r%cﬁé’r%ﬁosw, tﬁghr%agl%zlghrg%%%ﬁ%iggg%%%% 578 °
reshiave ;smogthing;effects .spia-halancewith sther iltepprogessing=should
also be taken into consideration. Also note that there are many masks
di f haviag:differentiatioro effects pothee than thdserdeseribed hete, aridthese
may be selected and used as suitable. Moreover, the masks described
ThiReRFRES ¢ B89N sizePRATCHERYHIRURBE x Bdd htmBer Hhgahifiy that
a4 there is no offset of the position. (phase) of the pixel of - 117 interest even
“mERar Colivollition. This is préferable inthat- separate alignment does not
haye to.pefaken intq consideratian .2 Nor-lingarRrogessing et iation
above-described differentiation processing yields two-dimensional image
prosigpals-haviag been isubjected-tocXmed is an image wherein the

and

greater the change in amplitude value {i.e., gradient of
luminance) of a portion of the image fcllowing up-scaling is,
the greater the absolute value 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 value is at a portion, the greater the
gradient of luminance is at that portion. Such a portion
where the gradient of luminance is great, 1is called an
"edge". The edge component is an important information
source for clock extraction.

Now, the masks shown in Figs. 27A and 27B have
smoothing effects, so a balance with other filter processing
should also be taken inte consideration. Alsc note that
there are many masks having differentiation effects, other
than those described here, and these may be selected and
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



direction differentiation, and two-dimensional image signals having been
subjected to Y-direction differentiation. These two-dimensional image
signals are further subjected to non- linear processing. in this case,
processing for obtaining absolute values (absolute value processing) is
performed as the non-linear processing. Figs. 28 and 29 illustrate images
which are timing pulse signals obtained following such absolute value
processing. Fig. 28 illustrates X-direction timing pulse signals obtained by

~absolute value processing being performed on the two-dimensional o

~Nifge-sighals followingthe Yr-direttion diffetertiationP afd Eigizgs 1o that

eplisrates - gledion timing pulse signals ebleined by abgolute value

processmglb%lng performed on the two-dimensional Image signals

conf@llgwing-the.Y-direction differentiation. First, as can be seen from these
drawings, the X- direction timing pulse signals and theY-direction timing

2. poisesignats arePneotkinaryrsignals but multi-value signals (i.e., grayscale
image). This may be binarized of course, - 118 but with the present
embddliment elotkextrakiion st peffofmed Frony ul-vakeSighaly THe!s
reason is thus: the sampling rate is 4 x 4, which is relatively small, so .,

e Iy e vt D1 6 Ses sigha by Keeimg

a1 rDulti-valug rather than binarizing syitably, majpiains the phase infermation, | s
(timing information) thereof.

having been subjected to Y-direction differentiation. These

two-dimensicnal image signals are further subjected toc non-
linear processing. In this case, processing for obtaining
absclute values (absolute value processing; is performed as
thne non-linear processing.

Fige. 28 and 29 illustrate images which are timing
pulse signals obtalned following such abksclute wvalue
processing. Fig. 28 illustrates X-direction timing pulse
signals obtained by absclute value processing belng
performed on the two-dimensional 1mage signals following the
¥-directlon differentiation, and Fig. 2% -illustrates Y-
direction timing pulse signals obtained by absolute value
processing being performed on the two-dimensional image
signals following the Y-direction differentiation.

Fi

B

8t, as can be seen Irom these drawings, the X-
direction timing pulse signals and the Y-direction timing
oulse signals are not binary signals but multi-valiue signais

(i.e., grayecale image). This may be kinarized of course,



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
absolute value processing extracts portions in the original image which
change from white to black or from back to white in luminance in the X
direction. That is 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-direction differentiation and absolute valye§rocessing

Putedradts blgePp6itions i ™Y titetlion. 3 T wo-Bimensional Fodrier

ver LANRIAIMEBIOCCRING; ThE kedlectop, NG Pylses pblaed DY e s cne
direction differentiation and absolute value processing above, and the

samydirection timing pulsesaobtainedbyithe X-1direction differentigtionsand
absolute value processing, are each subjected to two-dimensional Fourier

ma ifrarsformoprocessing sosstto peHbrefredueantycanalysis heeX s 1g1g L s
direction clock component and Y-direction clock component can %319]

LY SRFIEF Om-fhe diialySis FESUISThersor. i thE Tasge of tie'pres
e o s g b oemeeeor.
Theas-DEJDiserete Eourier Tyansforn) abhigh-spegdsas fitting thereto
in later processing.

As can be understood from comparing Fig. Z8 with the

above-described Figs. 25 and 26, the X-direction

differentiation and absolute value processing extracts

Fh

portions in the original image which changs to

T
o

rom Wil
black or from back to white in luminance in the ¥ 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-direction
differentiation and absclute value processing extracts edge
portions in the Y direction.

3. Two-Dimensional Fouriler Transform Processing

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 freguency analysis. The X-



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 F-direction timing pulse signals
are each 2048 x 2048 pixels in size, and when subjected to
two-dimensional FFT, this yields complex number arrays 2048 x 2048
pixels in size. Before describing the analysis results of two-dimensional
giy FFT, the dﬁscrlption of the ctonce% Ig{frmtc\évo;dimTens_ionai FET v(\éignt?eo i\é%r%
~f&re. “Defimitichn The Getinttions ot aﬁdeﬁSFj(Pnr%/ecr:seOBl%T, |.e.F,) :
can!Yerse Discrete Fayrer Transform), which serveias:the, basis for FFT
and IFFT (Inverse FFT, i.e., inverse Fast Fourier Transform) are as
showntn Expsession Land 2rf(sen s 1N ofxé)exp fRzfxTady . Y)
Expression 1 MNx=,Y=o0 M N -1 N-1 (| f(x,y)=11F(fx,f2)expj29cj~fx M+f},
FourERpredsionZ F:zof =bd 120 Where W fepreddrits te XidifectibRaFintige:
_..Size, and N_ represents the Y-directional Lma%g size. Both are 2048 pixels
L in'thistcdbe  AtsG, BCT) Peptabeéntsan iffagé of 2048 % 2048 pikals.

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

Fh
I+

analysis results © he 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 pixzels in slze, and when

subjected to two-dimensional IFT, this vyields complex number

arrays 2048 x 2048 pixels in size. Before describing the

0

analysis results of two-dimensional FFT, the description of
the concept of two-dimensional FFT will be given here.
Definition

The definitions of DFYT 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 Expressicn 1 and Z.

F(fx,_f‘)): : ‘iif(x,y)exp{m 272'.]'[]; 2y 7, —J—j—)} =« *Expression 1

M * Ar xwl) yal) M N

M-I N-L -
fix,y) =Z ZF(j_f,fy)exp{Zyrj [fx ﬁ-}-f} %J} » = »Expression 2

fo=07,=0

- 120 -



With the x axis toward the right and the y axis toward the bottom, x =
integers of 0, 1, ..., 2047, and y =integers of 0, 1, ..., 2047, having
grayscale values at each of the coordinates. 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 fx =
integers of 0, 1, ..., 2047, and fy =integers of 0, 1, ..., 2047. Frequency
Basically, while frequency should be defined in terms_of how many cycles

of ¥ Waves REATTE Uit IEngth “ Rere, & brovided ifidge Sizewill e ¥
repfAlEDAs ey, lengih. o fagltate fhe following deserpfion. Withdhe
X-directional frequency as an example, how many cycles fit into a length
pixequivalent to the.wigth of the image in the X direction (M pixels, i.e., 2048
pixels) is the X-directional frequency. In the same way for the
Nidisectiohakfrequencyy = ¢2&nhow atanyreyetesdit irt6 elengthlédquivalent. s .
_ to the height of the image in the Y direction (N pixels, i.e., 2048 pixels) is
Witthe™Vlireciidnal frefiiehcy “Pésifive’And NEgatiVe Frediericidward the

bottom,

X integers of 6, 1, .., 2047, and

y = integers of 0, 1, ., 2047,
having gravyscale valuesg at each of the coordinates.

F{fx, fv} represents the results c¢f transform by FFT,
whnich are complex numbers. The fx and fy are variablies of

fregquency regions, with fx representing X-directional

freguency and fy representing Y-directional frequency,

fx = integers of 0, 1,

Frequency

Baslically, while freguency should be defined in terms
of how many cycles of sine waves f£it into a unit length,
here, the provided image size will be taken as the unit
length, to facilitate the followlng description. With the

X—-directional freguency as an example, how many cycles

th

it
inte a length egquivalent to the width of the image in the X
direction (M pixels, i.e., 2048 pixels) is the X-directional

freguency. In the same way for the Y-directional ZIfreguency,



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 yields 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 agrees with having the center of a
later-described power spectrum hird eye's view as frequency zero. .
how ALEG iy, Heteafer HE Gppcr HA Wil Be-viewsl as negetive - 91t
or rguendes Nawihis mayhaunderstond asitaking the upper halfef & =
0,1, ..., 1023, 1024, ..., 2046, 2047 and viewing the upper half as negative
pixkequenciesnas X=10:-5c5124023, -10242n2; -1 and further moving the
upper half to the front to transform into the frequency order of fx = -1024,
Positive0asd NewB0237e- 22 Jrhighokss true for fy as well, so the
frequency_ analysis results of the 2048 x 2048 points can %e understood.
as analysis‘résiits of positive dnd eative fretiiendiss of i =11024'" -+~

as é@ghf}b$é0%%ove, but the upper half thereof match
negative freguency components.
Demonstration

Substituting fx = -k and fx = M - k (where k and x are
an integers) into Expression 1 yields

E

—

-k, fy) = F(M - k&, fy)}
which are eqgual.

This arrangement wherein the upper half is viewed as
negative freguencies ls more readily understandable since
the freguencies have origin symmetry, and this agrees with
having the center of a later-described power spectrum bird
eye's view as frequency zerc. Accordingly, hereinafter, the
upper half will be viewed as negative freguencies.

Now, this may be understood as taking the upper half of

fx = 0, 1, .., 1023, 1024, .., 204¢, 2047

h
™
|
j
[
-
et

ey 102 -1024, .., -2, -1

el

r
and further moving the upper half to the front tce transform
into the freguency order of

fw = =-1024, .., -1, 0, +L1, .., +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, fy) As with the Expression 2 above, the
image can be broker. 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
following Expression 3 F eXP{2zI[fx Al + 1; . ~~ Expression 3 Wdwhere

the BkPorénitiat portith iSH plake Sravéiwherefit X-affedtidiit&diency =
ana X204 Yedirection frequency wify, E(fqfy) providesiintensity and-phase:tg,

e pane wave. %:onjugate component While Expression 3 is complex

as Bumbers, dn this case frequency-analysis.is perfermed-ofa-graysealees of
image which is real numerical values, so the origin symmetrical negative -

128=frequéiiddcomponént F(-fx; #fy) is.a carfipléx conjugate with F(fx, fy),
and taking the sum of these eliminates the imaginary number portion and

~

yields the rEaf Aumber.” Accrdirigly, the comiptex numbers of Expression
dues’ggnibnedelajgd%?é%%Lg‘%rgeciﬁg Eht?efr%q:urean%yé:g%f@gﬁﬂpd only the
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, fvy)

As with the Expression 2 above, the image can be broken
down into warious freguency components, and conversely 1s
represented as the sum thereci. The frequency components
are the items within the X in Expression Z, and are

expressed by the following Expression 3
. X ¥V . .
F(fx,f},)exp 27jl f. E“i”f) "ﬁ“ -« *Expression 3

where the exponential portion is a plane wave wherein
¥-direction freguency = fx and Y-direction frequency = Ify.
F({fx, fy) provides intensity and phase to the pane wave.
Conjugate component

While Expression 3 is complex numbers, in this case
frequency analysis 1s performed of a grayscale 1mage which

is real numerical values, so the origin symmetrical negative



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
Expression 4 ( r X- 4coal2~r{ fxM+fyz)+e Expression 4 where A = IF(fx,
fy)Jd holds, and 8 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 the above plane
£rofage fy/linsarPtreeRormal difectioh theredf & the'direttion of veedr® W t"

= XM, fy/N), and the frequency _r is as.shown in the.following_Expression
o ) Gt ol el R b
ima{%eiqm)’rﬁﬁws usipg {we-dimensionak FFRTin thisyway, fahreak down

e provided grayscale image into components which are plane waves of
rcawaribusdiequensiescomplex numbers of Expression 3 can be
understood as being the freguency component, and only the
positive freguencies should be noted. The real part can be
taken when individual wavefiorms of tThe frequency component
are called for.

FPlane Waves

In terms of real numbers, the plane wave 1s as shown 1n

Expression 4
x Y ) |
A-cos 27l f -—+ f = +8 | - == Expression 4
M PN} )

where A = [F(fx, fy)| holds, and & is the argument of
¥({fx, fy). A should be doubled if the complex conjugate
component of F(fx, fy) is included, but with the present
embodiment, the absclute value of amplitude 1s irrelevant,
and accordingly will be ignored.
Fregquency

The wavefront of the above plane wave 1s linear, the
normal direction thereof is the direction of vector (fx/M,
fy/N)y, and the frequency L is as shown in the following

Expression 5.



with Expression 1, the configuration 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. 30,
the intensities of the frequency components (F(fx, fy) squared) obtained
by two-dimensional FFT of the X- directional timing pulse signals shown in
Fig. 28 are shown in a bird eye's view. Also, in Fig. 31, the intensities of
the frequency components obtained by two-dimensional FFT of the
=X dlrectlbnal tlmlng pulse signals shown in Fig. 29 are shown in a bird
|ew As sttown in these drawings, with the analysis results of
ensidwal FFT, the f fediERRi"axes are the two axes of to and fy,
p mM rigin is the intersection of the two axes. Also, fx and fy
ositive and negative frequencies. Also, the results of
two- dlmenS|onaI FFT are 2048 x 2048 points, but attempting to put all
Ffeﬁ%ﬁ%rrﬁaﬁéﬁﬁﬁé 125 a drawing would result in a complicated
dr WI ?t would not be meanln%ful S0 Flgs 30 and 31 1 are shgwn W|11l
the resolﬁ ion rediced 10 1/32 As 3 maﬁer of course“ the “resolution c?o
rrrnoLhave to he reduced:with thesacuak intenal PROGessing. Alsos Whilena ge
only intensity is indicated as a power spectrum to facilitate understanding
intof thengrawing, andther are plane waves of various freguencies

with Expression 1, the configuration breakdown thereof can
pe 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. 1In Fig.
30, the intensities of the frequency components (F(fx, Ly)
squared) obtalined by two-dimensicnal FFT of the X-
directional timing pulse signals shown in Fig. 28 are shown

in a bird eye's view. Also, in Fig. 31, the intensities of

bty

the freguency componsents cbtalned by twoe-dimensional ©F

[

@]

the Y-directional timing pulse signals shown in Fig. 29 ar

6}

shown in a bird eve's view.

As shown in these drawings, with the analysls resultis
of two-dimensional FFT, the freguency axes are The TwWo axes
of fx and fy, and the point of origin is the intersection of
the two axes. Also, fx and fy each have both pesitive and
negative frequencies.

Also, the results of two-dimensional FET are 2048 x

2048 points, but attempting to put all that information into



phase information of F(fx, fy) which are complex numbers is not shown, it
should be noted that in the internal processing, complex numbers are
handled as such and phase information is also handled without and.not
left out. In the case of Fig. 30, there are great peaks at a frequency of fx =
512, fy = 0, and the origin symmetry position thereof. The peak portion at
fx =512, fy = 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 abgve. In this case, N = N = 2048 halds, so the
8 dEGHeIO=HOPHS i HGE G the overSAMpling? | GP-sEafifg Pite 1h this Ease
.being 4 x 4, Alsg, the nor irect the-wavefr f.1he plape wave
0 R S g aart o0 G fo (5120}, SO malahes the X
resWhighiisdogigal: Tebegin withothe image inHig =28 whicho is-the, input
image to the two-dimensional FFT has a great number of X-directional
resedge components)Thellsasic interval pEtheoxdirettionaledgestinthe X
~direction is 4, and - 126 while the inter-edge interval distances may be
LNTERAHE or forie; théy aFe multiples of this basic interval 4. The reason is
that the overall scale due to over-sampling -scaling i i :
anaé]tﬁeo bog:ffiﬁjﬁg a?%\}v chlgdgge%sség'gjrga%e %%(&b%%%a%rjie% écff %)a a(ggilfésls of
spetherSkMi4 (i -Sections of data pixel increments) :Such marked; feaiuresthe
have resulted in the peak at fx =512, fy = 0 in the analysis in Fig. 30. 4
phase information of F(fx, fy) which are complex numbers 1is

not shown, it should be noted that in the internal
processing, complex numbers are handled as such and phase
information is also handled without and not left out.

in the case of Fig. 30, there are great peaks at a

3]

freguency of fx = 512, fy = 0, and the origin symmetry

frond

>

position thereof. The peak portion at fx = 512, fy = 0 1Is
the clock signal component in the X direction. The cycle of
the plane wave equivalent to this freguency can be obtalned
by Expression 5 described above. In this case, M = N = 2048
holds, so the cycle L =4. This is due to the over-sampling
/ up-scaling rate in this case being 4 x 4. Alsc, the
normal direction of the wavefront of the plane wave has a Y
component of "0 due to (512, 0), so this matches the ¥ axis,
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 ¥-directional edges in the X direction is 4, and



Now, obtaining the IFFT of the sum of all analyzed frequency
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, performing IFFT on just the center
component of 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 is the X-direction timing pulse signal. That
. Is to say, while edges are scattered throughout the image, t ter -
Wi 5:8m§3%/eﬁ‘tnijg %ﬂﬁ%cfﬁgt a %%negﬁg Eﬁ't)lql'"an%lvxsllga:q\?aerl waveform %%x%%é%% W J";chlomg ’
- nebas acygle of d.and whichis synchronizedwith,the edge occurienceor is
position. Also, performing 1FFT of the center component of the peak
thaportion andthesureaundingifrequencyveampanegrnits would:dbtain ecplane g
wave as a clock signal corresponding to the primary components of the
is ReditectioneR thid'Waylin the sevekitof pefforiingIFEFBThoP bRl orfe € &t
. frequency component - 127, contributing to the peak but alsg the =~ -
POUBGRGIRdInG fredfieRcy “domporents ég vvée %pnét g‘si'n”glé pIAnG Wave but a
dat@agggg@mﬁﬁggﬁﬂgﬂkgfﬂna@@gﬁT%%§%Q9U%@Q9ﬁ%%@eﬂﬁﬁe resulted
components are sideband components, which contribute to slight
in fluetuationinstheramplitade andphase of the singler avgveform.. These. 30.
fluctuations can be said to reflect jittering within the image. Accordingly,
peNormingdFEIning the L[FET of the sum of all analyzed

frequency 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, performing IFFT on just the center component of the
peak portion, a plane wave can be obtained as a clock signal

corresponding to the waveform of the center component of the
¥-direction edge signal, which is the X-direction timing
pulse signal. That 18 to say, while edges are scattered
throughout the image, the center component is such that a
single plane wave waveform i1s extracted which has a cycle of
4 and which is synchronized with the edge occurrence
positicn.

Also, performing IFFT of the center component of the
peak portion and the surrounding freguency components would
obtain & plane wave as a clock signal corresponding to the
primary components cf the X-direction. In this way, in the

event of performing IFFT of not only one Ifrequency component

~ 127 -



including these sidebands as well enables clock signals to be obtained
which faithfully reflect various types of fluctuations within the image
(enlargement/reduction, rotation, distortion). 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 reality there is fluctuation from these values,
and generating clock signals which follow such fluctuations is the original
cOn ot A 1 andiyS TRSURE fogbrding e Y- Ecton  tring puiss ™ 1=
comg%&%@%ﬂ InFig. 31 is the same as the -case,in.Fig 30 except forthg. o
ifference of X direction and Y direction. That is to say, the peak portion
o1 oekthepower; spegtrumiis eenterea: o fx =0, fiyi £:54 2 Thispeak,
component is the clock signal component in, the Y direction. 4. Extracting
conGlockiBignalrComponenticl 28 18earel Rangelof €loéle SighaP Cotpchent
.When searching for a peak portion from the analysi resﬂultsgoff, inel
5 L 10 dimteliSionid FET a8 deSGriedanovE!a pretetertined searth range =
is set beforehand. Specifically, re rmi range ceptered. on the
Wav&é’?ﬁ? of fx :%Efzq%fy%% v(l)d:(ﬁ%g %v%%dirggﬁs%%na%dé&a?aﬁgyg%rggﬁ Its in Fig.
51:3Q Js set for shich asparchsanrge, andspredetarmingd rangening IFET

including these sidebands as well enables clock signalé Lo
be obtained which faithfully reflect varicus types of
fluctuations within the image (enlargement/reduction,
rotation, distortion;.

With the description above, description has been made
with clear-cut numerical values wherein the overall scale of
over-sampling and up-scaling i1s four times, the cycle is 4,

and the ¥-directional clock signal component is fx = 512, fy

i

0, but these are design values, and in reality there 1s
fluctuation from these values, and generating clock signals
which follow such fluctuations is the original 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 excep:t for the difference of ¥ directicn and
Y direction. That is to say, the peak portion of the power
spectrum is centered on fx = 0, £y = 51Z. This peak
component is the clock signal compenent in the Y direction.

4. Extracting Clock Signal Component



centered on the point of fx = 0, fy = 512'in the two- dimensional FFT
analysis results in Fig. 31 is set. Now, it should be noted that with a
hologram recording/reproducing system, 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 is determined, so how many pixels of the SLM 4 will fit into the
image sensor 11 from edge to edge in the X direction and Y direction.
Accordingly, a position where a pe ortion will appear in the frequency
Sea}éﬁﬁly@%ﬁ%@uﬁygc&i B&'esti ﬁ%%é% ook

toa cert%i%nbegree from the information

thereof, Specifically, with a hologram recording/repraducing systems the

optical system has been designed such that basically, the range of all
re svalidspixels:afdhe image sensar Frmateh thesrangeof allbvalid, pixels of
SLM 4, so ideally, it is foreknown that 512 data pixels fit into the X
predipectioniandlY diretbn onhe rrageeSerzof Akt pbift fx SBIL LD LY

being the ideal 129 peak position in the X-direction analg is;esgltsgfgd o
2 PHGIE I E0: 5 S 57 H6ingthe Tdeal peak positidn in the Y- direction <7 -~

- Analysis resylts. Hawever, jnsealitythere are.fluctuationsin the image 30
such as enlarging/reduction, rotation, distortion, and so forth, so the peak

is pesitionwilkappear at@positionoffset from thisddeakpeint; which serves
as a reference,

centered on the point of fx = 0, fy = 512 in the two-

dimensional FFT analysis results in Fig. 31 1s set.

Now, it should be noted that with a hologram
recording/reproducing system, how many pixels of the image
senscr 11 will receive image light for one pixel worth of
the SIM 4 is determined, ancd the number of valid pixels of
the SLM 4 generating the signal light 1is determined, so how
many pixels of the SLM 4 will fit into the image sensor il
from edge to edge in the X direction and Y direction.
Accordingly, a position where a peak portion will appear in
the freguency analyesis results can be estimated to a certain
degree from the information thereof. Specifically, with a
hologram 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 ldeally, it is foreknown that 3512

data pixels fit into the ¥ direction and Y direction on the

image sensor, with point fx = 512, fy = 0 being the ldeal



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 typical example, if 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 repgoduced image is rotated, the normal_direction of.

peakn«;p pranE Wave Serving a{(sﬁfﬁle’“(ﬁg ‘k”é%pgn%fl?dtgtselssbf fhe dsia%rrS]é angle, 2"

¢x iheypeak pasition is,offset fram theaxis Note thatthe reslts-shoywn in-
Figs. 30"and 31 assume a clean image with no fluctuation, and

di raceareinghynare, dlustratedywith the peaks at the ideal positions of fx =
512, fy =0, and fx = 0, fy = 512, respectively. Taking these into
cofisideration, With1tha présentt 1836 emBodikieht & predeterminéde

____range with fx = 512, 21/ =0 as a reference is set#%s%the pedakssceoarrgq range .
Imags 1RE X direchidh tifning Bulse sighal @halysisresults randa -~ -+

so Predetermined range with fx =.Q, fy, 5 312 as greference is, S?B%%%n
peak search range for the Y-direction timing pulse signal analysis results,
o f swherebypeak-pertioasearchy is:perfatmedthateaches 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 typical example, 1f the reproduced lmage
ts 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. Alsc, 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 is offset

Note that the results shown in Figs. 30 and 31 assume

u

clean image with no fluctuation, and accordingly are
illustrated 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

- 130 -



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 too wide, 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 reproduced ima%e range, « egtergd on %a%thS .

ST gt EHER pGinE AR EEFAT S84 Ch  FANges  The valties of tHe référence
ref%%%‘ﬁ%@reig? 212,y £,912,50,1004 thergotis 1gughly 50512, 0.1),

accordingly in this case a rectangular region of 101 (50 + 1 + 50) x
dir&01 {30 +k th:50) ipsetas thesearch ranges Alsa sofe that thesize of the
search range may be optionally set, and is not restricted to the above
presides AlsD) e shayeof’ tié séarch rangé is rotrestrictedito s Féctangie, 1S
and may - 131 be other shapes, such as a circle, or the like. Extraction of

setyaSloek Edmpdnetitand’y ETCEECHMpohBht AS A resiit bF the abbve’
pulss%afﬁg %Rn%%k g%@%g}ﬁ are detected from each of the X-diraction analysis.p,

resu the Y-direction analysis results. Next, center component of
15 the.detested peaksortion and the surrounding components are combined

to extract X-direction and Y-direction clock signal

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 too wide, the range of handling fluctuations in the
reproduced image tends to be wide, but the probability of
erronsous peak detection increaées.

In light of this, with the present embodiment,
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 + 50y 1s set as the search range. Alsc
note that the size of the search range may be optionally set,
and is not restricted to the above side. BAlsc, the shape of

the search range is not restricted to a rectangle, and may



components. Note that the combined center component of the detected
peak portion and the surrounding components thereof will be referred to
as "X clock signal component” and "Y clock signal component” in the
present embodiment. Figs. 32 and 33 illustrate the results of extracting
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

b reference thereof, is set for the pearkcgortiog de%%%teq beéthe search. This
© Hofiber 112 eached yatgki%g(fﬁe sideband size on the positive and

nx+ Pggative sides eash as,5, and-alse counting the-center point @schd.e., 2 x
5-1=11. It should be further noted that the shape of the extracting

rapge is retsestricted thha rectanglesand-may beothershapess sucke as a
circle, or the like. It should be noted that there is a tradeoff in setting
det eGeld SXERIEtiAG FangE sizé card deésrdingly siolid hal-s1 32 Hetdrmifred
_appropriately so as to_ correspond tq the system design., For examBIe if
T} ~lx 1Sy Lrs., . L canter fomponent of
“netf‘?e §iz& 76 too"$matl Haridtifg “positon wreé?ﬁaxrﬁles Wwithin the image
£ nePBEQMES more. difficult, but there is the.advapiage that there i itlent s are
disturbance due to noise. On the other hand, if the size is too large,
compesitian #regularities-within the irmage candey handledwell but thex signal
probability of reacting to noise and “
components. Note that the combined center component of the
detected peak portion and the surrounding components thereol
will be referred to as "X clock signal component” and "Y
clock signal component” in the present embodiment.

Figs. 32 and 33 illustrate the results of extracting
the ¥ 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 1in size, foxr
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
rnegative sides each as 5, and also counting the center point
as 1, i.e., 2 x 5 + 1 = 11. It should be further noted that
the shape of the extracting range is not restricted to a
rectangle, and may be other shapes, such as a circle, or the
like.

T+ should be noted that there is a tradeoff in setting

such a extracting range size, and accordingly should be
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being disturbed increases. 5. Phase Shift Processing Multiplication of joo,;
, Multiplication of jwy The X clock signal component and the Y clock signal
component extracted as described above are subjected to processing
which each are subjected to IFFT for transforming into an actual image
and obtaining X clock signals and Y 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

ACCHHIHTS HAHATE BE theliatef- pErféimed etige fifrig Bampling e Systen
des2GROTNAY. A ST precesaing, more speciically differeptation; o
processing, is performed such that the edge timing can be obtained at the
pos2I0L10sS Haing,avhieh isseasientonhandle ihig o34 deserthes thephase
shift processing by illustrating the waveforms of the sensor output image,
difXdieu33, diredtion timingipulde: sighdisa Xtditactivhalodksigrals shefore L e
u )+(-direction differentiation, and X-direction clock signals after X-direction
di s girehéitiafion “Rotethat £/ - 34 Crossiéuts e wavéfdtims of thd Sighafe® ¢
- 559 as 1o be_illustrated as one-dimensional signals, since twq: dimepsional,
LOow%élé ?mspﬁiﬁ%%lﬁﬁicﬂﬁ%g%grin%re “en(? ir?t%e dréange. \'Il'gha?d%s to say,
hanteawaveforms of eaehof theshability of reacting to noise and

being disturbed increases.
5. Phase Shift Processing
Multiplication of jm,, Multiplication of ja,
The X clock signal component and the Y clock signal

component extracted as described above are subjected to

Fh

processing which sach are subjected to IFFT for transforming
into an actual 1mage and obtalning ¥ clock signals and Y
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 pezak
portion, and will be difficult to handle at the later-
performed edge timing sampling. Accordingly, phase shift
procezssing, more specifically differentiation processing, 1S
performed such that the edge timing can be obtained at the
zero cross Timing, which is easier to handle.

Fig. 24 describes the phase shift processing by

illustrating the waveforms of the sensor output image, X-

08
(98]
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signals in Fig. 34 represent the waveform of a cross-section taken along
a plane perpendicular to the Y-axis of the two- dimensional image
(signals). While Fig. 34 only illustrates 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 is obtained at a portion where the luminance gradient is
high in the sensor output image, as shown in Fig. 34. This X-direction
timing pulse signal is subjected to two- dimensional FFT to extract the

d1TEI5ER Siynal AntPthe StibjeCted o 1EF T Whereby & €0sie Wave stighs®
bef%h%N&uhiggﬁ%ﬁgﬁt %ﬁ??%WBEé%%%&?ggﬂkp%gﬁ§f§gg€ﬁgﬁ‘clock
ifferéntiation is reproduced. At this time, the ideal sample data is at the
sigeenter of the datapixel: andds at the-pesition:efithe verticat solichdinesin .
Fig. 34. it can be seen here that with the clock signal before X-direction
34 differsntiation, thespositicrfis=is84o the: hegativerpeak position. While this
ative peak position might be able to be detected in the subsequent

ne
L1 1poicE8sing, Géteetion at e ferd edss pasifidrTis Moke” préférable from
our BT L R i e Uy, I SR e
araReperformed: is to say, the waveforms of each of the
signals in Fig. 34 represent the waveform of a cross-section
taken along & plane perpendicular to the Y-axis of the two-
dimensional image (signals). While Fig. 34 only illustrates
the ¥ directiocn, the Y direction can be considered in the
same way.

First, as can be understood from the above description,
an ¥-~direction timing pulse signal has & waveform whers the
peak 1s obtained at a portion where the luminance gradient
is high in the sensor output image, as shown in Fig. 34.
This ¥X-direction timing pulse signal is subjected tc 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 1s reproduced.

At this time, the ideal sample data 1s at the center of

the data pixel, and is at the position of the vertical solid

o

ines in Fig. 34. It can be seen here that with the clock

signal before ¥-direction differentiation, the position is



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. Differentiation in the frequency region is equivalent
to multiplying by the imaginary number jm. Accordingly, the clock signal
component at the frequency region which has been obtained in the
previous steps is multiplied by jw. This jw is multiplied in accordance with
the frequencies of the components within the extracted clock signal
component. The direction of differentiation differs dependin%don the clock

thegi@ﬁﬁ?&ﬁrﬁﬁoﬁ@rﬁﬁvﬁﬁ e X 8ock giﬁﬁéﬁc&ﬁﬁgn&ﬁgﬁéiﬁ& _ ifferd ttiated
posiliine X glrgstion, andthe vclogk. slanal component heing dilferentigted

rection. ‘Accordingly, these are multiplied by X-direction
oroffeguancy, jwi:and-Yrditection-frequency jwycRerfermaing stehjw more
multiplication on the clock signal component extracted at the frequency
preregivrrérablesthe iphaseofthe tlock signat ebtainegd fotliowing IFFT to be
- 135 shifted so as to be an optimal sample position at the zero cross
ACCHGSHHION e with the"R Tiock Sigial v&a?\/é?&ﬁﬁo FofioWing differentidtion as *°

phassheo_\/vn in Fig. 34, for example. Note that the positive zero cross position is
encountered when transitioning the zero cross position from the negative
sidgite the pasitive side: 6: invesse Faurier Branstorm Beocessinge r formed
in the actual image region {(i.e., following IFET), here, we
will performing processing equivalent to differentiation in
the freguency region in light of ease of computation.
Differentiation in the freguency region is eguivalent
to multiplying by the imaginary number jo. Accordingly, the
clock signal component at the freguency region which has
been obtained in the previous steps is multiplied by Jo.
This o is multiplied in accordance with the frequencies of
the components 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
slgnal component being differentiated in the Y direction.
ccordingly, these are multiplied by X-direction Ifreguency
jm, and Y-direction Ifreguency Jjo,.
Performing such Jjo multiplication on the clock signail

compenent extracted at the freguency region enables the

phase of the clock signal obtained following IFFT to be

|
E_i
o
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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 search 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 specific processing, the X
clock_ signal companent and Y clock signal component which have been

ShAURIpIEH by w s des@bed bl ars BhdhSubjistted I8 IBET FEigs 285 ©
cro@d 36 dllustrate an image,ohtgined by IFET of fiﬁ&?& C'YS’&‘(S{%”I%!?

component, and an image obtained by IFFT of the Y clock signa
o loQimpenent respectively - The signakdevels inthis easesare grayseale@s e .
well, with white taking a greater value than black. As can be understood
Notkorhlthe abevecdesdriptionzthiesedmages inciude imforhsationcofithe er36
cycle, phase, and normal direction, of waves which are the principal

Wi gormp it in e XodifdtTion i ¥ diteEtioh Sregarding thE edge posHioh’ ¥

si d%nc% @ter_@lsgty E;ggliuded in g%% sensor output image. With the present

Tive

embodiment, images obtained by peak components extracted from the
6. analysis Jesults by dwodimensional Beurierdransformation (X clock

signal component and Y clock signal component) being
X Clock 3ignal, 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
freguency reglon 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 FFY, so inverse Fourler transformation is
performed by IFFT. AS for specific processing, the ¥ clock
signal component and Y clock signal component which have
been multiplied by J0 as described above are each subjected
to IFET.

Figs. 35 and 36 iliustrate an image obtained by IFFT of
the X clock signal component, and an image obtained by IFFT
of the Y clock signal component, respeciively. The signal
levels 1in this case are grayscale as well, with white taking
a greater valus than black., As can be understood from the

above description, these images include information of the
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subjected to inverse Fourier transformation are called X clock signals and
Y clock signals, respectively. As described above, multiplication by jw 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 sigpals shown _in Fig. 36, th
CYC hGsitifE 38f cross p%gﬁ?gﬁss thereof Tepfesent the sectioting of the data <
o 1 Rixebincrements,in the .y, dirgetion. This.can he comprehended by o,
comparing Figs. 35 and 36 with the earlier-described Figs. 25 and 26.
regibusthe sample positions 11 merementsrafdatd pixels: dn the:X directianh
and the sample positions in increments of data pixels in the Y direction
seneary beudentifiedin dive infages, by theopesitve zamsrdss fings ofifhedes
clock - 137 signals and the Y clock signals. In other words, the_j positive

obtZerottosy lifes of the™X Cloek signals afé intes Téprésetiting'te data®
rese%g'sc le in the X directian in,the arigipal reproduced image (X;direction;

cycle lines), and the positive zero cross lines of the Y clock signals are
sighnes repiesenting thexdatapixel gyelegnihe ¥ direstiondn the: ofiginal
reproduced image (Y-direction cycle lines).
subjected to inverse Fourier transformation are called X
clock signals and Y clock signals, respectively.

Rs described above, multiplication by J® has been
performed at the freguency region, so the positive zero
cross positions (black — white) in these images provide the
positions which should be sampled. That 1s to say, with the
¥ clock signals shown in Fig. 35, the positive zeroc 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

(4]

in Fig. 36, the positive zero cross positions thereoct
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 pilxels
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 X clock



Accordingly, by extracting the zero cross lines of the X clock signals and
Y clock signals, and obtaining the intersection thereof, as described later,
resampling positions can be identified. X-Directional and Y-Directional
Resolution when Restoring Clock Signals Now, when performing zero
cross line extracting processing, the processing is performed such that
the X- directional and Y-directional resolutions differ. That is to say,
before searching the images in Figs. 35 and 36 and obtaining the zero
Cross posi io+njnsép§ocg§si(glg ig pergformed if?nwfg)i%tpl g}e resolution in the

S~ Jftéction’ fs“earching"tﬁe zeré%rgsj‘ssposi Fest

onis ralsedwfgﬁ The reSolution
pos intthe, other direction 'Sﬂgw&ée%fsQ@%fl%llx,ﬂ@e%-gﬂ%ﬁ%qrgal alesolution s
is raised for the X clock signals, and the resolution in the Y direction is
replowerediAlsotr the Yadirectional resplutioniis raised forthest:clock in the
_signals, and the resolution in the X direction is lowered. - 138 The x
oriphrpobectraisifie ke réselifion Js il érablé Processifig forseatehingd the
and deciding the zero cygss_position to he performed,easily and
005 N I e TESDIATTE 1t Bt oIS T

Ot raiSEd; the Sampl8 Tate"in this case 18 4°
rep¥4dBeluding upsscaling, sp the pasic.aycle of the Llack signal is-around v,
four pixels in the design reference value on the image data. That is to

origayidhe wayveforaretioneiage (v-direction cycle lines).
Accordingly, by extracting the zero cross lines of the X
clock signals and Y clock signals, and cbtaining the
intersection thereof, as described later, resampling
positions can pe identified.
¥-Directional and Y-Directional Rescolution when Restoring
Clock Signals

Now, when performing zero cross line extracting
processing, the processing is performed such that the ¥-
directional and Y-directiconal rescluticons differ. That is
to say, before searching the images in Figs. 35 and 36 and
cbtaining the zero cross positlons, processing is performed
in which the resolution in the direction of searching the
zerc cross position is raised, and the resolution in the
other direction is lowered. Specifically, the ¥X-directional
resolution is raised for the X clock signals, and the
resoliution in the ¥ direction is lowered. Also, the Y-
directioconal resclution is raised for the Y clock signals,

and the resolution 1in the ¥ direction 1is lowered.
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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 is not unrealistic, but is not easy, either.
Accordingly, the resolution is raised several times, so 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 zero cross position is to prevent increased
calc}ylation amount due to, the increased resoilutjo,n. if the resolutianis not
lowefed N TRE Btheé? direttion at this Hme >sero tress position information
prolScaloylated at a Jate-affour perdaia pixgl i this direction singe ihe
sample rate Is 4 x 4, which is excessive. A fraction thereof is sufficient. In
posthis direction; dhere:are no-casesanhereimthexdata rpixel'samplepositions
occur at very short cycles or change rapidly to the extent that the zero
resoross positiohsiiaveto 15889 Baebtaied at & éjce Shofterthapthe data *
pixel cycle, meaning that the zero cross lines do not Tave to be able to

* 4 redtasHntStith Bhanga. ABSordifyly, With e dreSént: &ntbodiment; at the
sigt?;q@f of performing IEET. of glock signals, components into-image-signals, .

e resolution Is Increased In the direction of searching for zero cross
on Positions;aad dhedesolutien isiredused dr theretherdirection of one
cycle of a clock signals 1s represented with grayscale
values of approximately four pixels. Extracting the
positive zero cross position from such a signal waveform 1s
not unrealistic, but is not easy, either. Accordingly, the
resclution is raised several times, so as to snable accurate
results to be obtained with easy processing.

Orn the cother hand, the purpose of lowering the
resolution in the direction which is not the direction of
searching the zero cross position is to prevent increased
calculation amcunt due to the i1ncreased resoluticn. If the
resclution is not lowered in the other directicn at this
time, zero cross position information 1s calculated at a
rate of four per data pixel in this directlon since the
sample rate is 4 x 4, which is excessive. A fraction
therecf is sufficient.

In this direction, there are no cases wherein the data
pixel sample positions occur at very short cycles or change

rapidiy to the extent that the zero cross positions have to
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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.

on the 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 realize. Specifically, in the case of raising the, resolution in the X
o= Gite8idit thé humber of PO he b difection in 17& reqiiency g
mealfi$epded fayrfold in. the highband side, with,the increased podtions & o

being filled in with zeroes. Also, in the case of lowering the resolution in
repthes¥direstion, theamumaher of peints im.the, fy directiarhia the dreguency

region is reduced to 1/4 that at the lowband side. The result is 8192 x 512
embpgintsand HEFT Hvereefienabiles X dlock sigaalsib becdenekated. Theny s

140 clock signals also can handled by adjustin% he number of points to .
COTBIHS %512 Poinits UEIHG the e Techmigue, Aid peHdrming f%ﬁ ased

i thereaf, Raising the X-directiopal reselufion forthe X clock signals.and, , 4

raising the X-directional resolutionfor the X clock signals in this way
theenablesdhe detection precision0f samplepositionsHathe Xrdirection and

the detection

Specifically, in the case of the present embodiment,
the resclution of the ¥ clock signals in the X direction is
ralised fourfold (2048 = 4 = 8192} and the resolution of the
Y clock signals in the Y direction is raised fourfold. On
the other hand, the resolution of the X clock signals In the
Y direction is guartered (2048/4 = 512), and the resolution
cof the Y clock signals in the X direction 1s guartered.

It shouid be noted that changing the rescluticn in the
¥ direction and Y direction to perform IFFT 1s extremely
easy to realize. Specifically, in the case of raising the
resolution in the ¥ direction, the number of points in the
fx direction in the frequency regicn is extended Zourfold In
the highband side, with the increased portions being filled
in with zerces., Also, in the case of lowering the

resclution in the Y direction, the number of points in tThs

i

v direction in the freguency region is reduced to 1/4 that
at the lowband side. The result is 819%2 x 512 points, and

IFFT thereof enables X clock signals to be generated. The ¥



precision of sample positions in the Y direction to each be raised. Also,
raising one fourfold and reducing the other to 1/4 as in the specific
example enables the processing load to be suppressed to around the
same as with a case wherein normal IFFT with no raised resolution is
performed. It can be understood from the enlargement scale of the
resolution 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

cLoh Be peffofmed 3t 16 iimed e FsdtuticiPfor e Bata pigel positionsiA

, otiginal i e../- Zera Cross Line Extraction Upon obtaining X clock,
PO S A Elock Sanale W 1T 35 ceLan B dbbee Hosts sehe
peralss lings arerextrasted-therefrom. Figs. 37A and 37B illustrate a

technique for extracting the zero cross lines. Due to the above-describe

resoiutiohrraising processimg; -4l the Xodlock signdls:are fermied:-obck
. 8192 sample values per row in the X direction, and the X-direction row is
S1H0frhEd D %122 sEmple valfied iifthe®f tirdbfion. 1R e Sameway théye X

Clcg%pkﬁﬁﬁg EHgJO% %%QL§%92§2EH%§V%yeS egcg@gghm yg%zsion of
(fil’eC%IO ) ang the Y-direction co?umn IS fgorme%l 0] 6‘5‘1@2 samplgvélues n
santpeX disection. £ig.;37A shows the-sample,values of.gach.celumnin
precision of sample positions in the Y direction to each be
rarsed. Alsc, raising one fourfold énd regucing the other
to 1/4 as in the specific example enables the processing
ioad to be sﬁppressed to around the same as with a case
wherein nermal IFFT with no ralsed resolution is performed.

It can be understood from the enlargement scale of the
resolution described above that in this case, the sample
rate as to the original image (512 x 512} can be made toe be
16 times in both the X dirvection and the Y direction. That
is to say, zero cross position detection can be performed at
16 times the resclution for the data plxel positions in the
original image.
7. 7Zero Cross Line Extraction

Upon obtaining ¥ clock signals and Y clock sigrnals with
IFEFT as described above, positive zero cross lines are
extracted therefrom. Figs. 37A and 37B illustrate a
technique for extracting the zero cross lines.

Due to the above-describe resciution raising processing,



waveforms. That is to say, with X clock signals, each waveform shown in
Fig. 37A includes one row worth of sample values in the X direction, and
there are 512 of these in the Y direction. Also, with Y clock signals, each
waveform includes one column worth of sample values in the Y direction,
and there are 512 of these in the X 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 si %5 and_connecting the zero
12 crosS poitits of €Ach of the rows an eoa%k?g(])l? %e%%iﬁﬁs.‘ﬁd.gﬁ% pet oW

in S¢hematically llustrates, a positive zerg ,Grass, peint gxtraction fechpique. 512
As shown here, due to the above-described resolution increasing

samprogessingethete ate: <l 6rsampleatalues. (samplingsvalues) withyn onee Y
cycle of a waveform corresponding to the cycle of one data pixel.

clogspedificallyl 2eforerobs poitt exfrabiny isspéformethusing - 142 seam: in
interpolation. That is to say, two points are found sandchhi%%a oint of

“%pglarransitiof front Hegative to~ positive P the wavetorm of % 512

ach Fow or
sam%fi%" colymn, ang tlggein;@ragqg)&Qegwgen a line connecting the

sampling values of these two points and the zero level is extracted as a
positive zermrcrosspoininExttasationprosessing far suchrpasitiverzeron

Cross
waveforms. That i1s to say, with X cleck signals, each
waveform shown in ¥ig. 37A includes one row worth of sample
values in the ¥ direction, and there are 512 of these 1in the
Y direction. Alsc, with Y clock signals, each waveform
includes one column worth of sample values in the Y
diresction, and there are 512 of thess in the X direction.

The zero cross lines can be understocd as being formed
by extracting the positive zero cross points cof the
waveforms for each ¥ 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 illustrates a positive zero
cross point extraction technigue. As shown here, due to the
above-described resolution increasing processing, there arc
16 sample values (sampling values) within one cycle of a
waveform corresponding to the cycle of one data pixel.

Specifically, zero cross polnt extracting is performed using



points is performed for each row with regard to 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 points 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
11nEOVRIN Eig, 39 should e noted that g Figs. 39306, 39, thepasilie,

Zero cross ‘amines are represented by solid lines, and the background
sandhQws the,Xclock signakimagesand: ¥ sleck-sighal ilnagerthe same:-as that

shown in Figs. 35 and 36, respectively. Data Expression Format for Zero
posCrass:Line Data of Bleck :Signdls Thehabove processing obtaing:a and the
. positive zero cross line - 143 group of X clock signals and a positive zero
Int BrgR8 TineCrotip 8P Ciotk sighals, the Fesutfsof Witic afe Storéd T an°*
or BLyaRleas shown et for SXaple. e case ol dock

sngnaf*ls, this is expresse]a as clkx timing (i, j) which'is a real humber
nosYanahle of asize-0k312. X512, '

Extraction processing for such positive zero cross
points is performed for each row with regard to the X clock
signals, and for each column with regard tc Y clock signals.
Connecting each of the positive zero cross points cbtained
for each row for the X clock signals in the Y direction

=y

EA.!

obtains positive zero cross lines for the ¥ clock signa
such as shown in Fig. 38. Alsc, cconnecting each of the
positive zero cross points obtained for each column for the
Y clock signals in the ¥ direction obtains positive zero

cross lines for the ¥ cleck signals, such as shown in

]
i
-
Q)

39.
It should be noted that in Figs. 38 and 3%, the
positive zerc cross lines are represented by solid iines,
and the background shows the ¥ clock signal image and Y
clock signal image the same as that shown in Figs. 35 and 36,
respectively.
Cata Expression Pormat for Zero Cross Line Datsa of Clock

Signals

The above processing cbtains a positive zero cross line



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. 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 no problem in precision either. This is
true for the positive zero cross line groups for the Y clock signals as well.

sropaiy thex and v are, simply exchanged, Specifically, these are stored
I"an “array variable a&'shown hext. c’ y‘ohmlng(l, ]Z) Which is'8 Teal

groRuMber variable of a;size 0£512 X512, (This indicates the, pgsitive 280 ir,
cross position (real number) of the i'th Y clock signal from the top in the x

an zrjithvowar 144 1Holdingadimingdine group with an expression format

such as described above allows information to be grasped regarding the

NJ: of egich #eleross linedn e whole, 56=the crdeftelatichiéf.éact-6fl s

the datagix | positions obtained from the grid points of zero cross lines

Storéd in” tis Way can be correctly grasped for both the X direction and

thecf]g;reggﬁ@m\efhipbrwiﬁl pe described later. That is

is

which 18 a real number variable of a size of 512 x 512,

This indicates the positive zero cross position (real

number) of the j'th ¥ clock signal from the left in the vy
i'th row.

That 1s to say, the Y coordinate holds the positive
zero ¢ross position in the ¥-direction clock as a real
number which is not an integer, as an integer coordinate.
Thus, the ¥X-direction timing line group can be heid while
matching the reduction in resolution in the Y directiocn,
with no problem in precision sither.

This is true for the positive zero cross line groups
for the Y clock signals as well. That i1s, the x and y are
simply exchanged. BSpecifically, these are stcored 1in an
array variable as shown next.

ciky timing {1, 7J)
which is a real number veriable of a size of 512 x 51Z.
This indicates the pesitive zerc cross position (real
number) of the 1'th Y clock signal from the top in the x =

7'th row.



to 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 Point Extraction Processing
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. preferahly performed as.described in detail below.
Filt e b croll posidon & BAGGen: & pouticn Bbiaatsaa b e
sucGenter pasition,of the, signal light area A Jhed; relying oI rz sped
processing is performed wherein zero cross positions are traced vertically
regerhatizontally. NGradually enfargmg.detection dfithe zero cresswaints, so
from around the center enables a correct zero cross line group, wherein
thetHerer@ier Félafion 8Fz6rd &B85$ positions irfthe® F45* Sigriaf ight area
... match, ta be extracted easily and in a sure manner. Thiscanbe . . .
b G RGrStoot Trom the FElatioR betieen thé Thags seasor 11 and Sgrar® 17
+n1loht.For-example, as shownin Fig. 41, dhe shape of the, image sepser; Lk
is square, while the shape of thé signal light area A2 is generally circular,
andsa itean he expected thatthelresarding datacwhichlis:thel signal.lightiatt is

the
to say, this enables each pixel amplitude value obtained

from the data pixel values tc be cbhtained in a state

T

maintaining the order relaticon. This means that the cycle

)

slip phenomenon, which has occurred with the PLL circui!

3
v

{
c

type clock reproduction method in storage device according
to the related art, doss nocht occur.
About Zero Cross Point Extracticon Processing

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 ¢ross position is found near a position

I..._! -
Fy

estimated to be the center position of the signal light area

AZ. Then, relying on this, processing is performed wherein

n

]
iy

zero cross positicns are traced vertically o orizontally.
Gradually enlarging detection of the zero cross points Lrom
around the center enables a correct zero cross line group,

wherein tne order relation of rero cross positions in the
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perimeter portion will not be reflected very much in the image obtained as
X clock signals, and rather reflect a flat background with low grayscale
values. Accordingly, the probability is high that the zero cross points
obtained 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 zero cross points from around the center enables a correct zero
cross line group, wherein the order relation of zero cross positions in the
ai sigTag Iil r]'{@r%% match,ttgbbe _,e%(tr?gted a{silgg(gg irégsglJlre man e{h&a
©7&fo Cioss Ling Grid Point Extraction The above proces*sn?]g 6btains
suribfermation of the zero. gross.ling, geoupsRfX elogk sighals-and zerg.cross
line groups of Y clock signals, and the No. of each zero cross line in the
betXeahrectibr / Yrdirectioar(specifiGally;, thesNon dheredfout. of the 512 lines)
in the image. Thereafter, obtaining the intersections (grid points) of the
zefGErods AWB! fime GRoupssiX elockisignals and 2866038 line dgrbips
im of Ysclgck §igﬁls.esnables E,hee p%%g%%s f the Sdata %ixezl_s tcoh be eiacrb 1
“détermined. Fig. 407lIGStrates the gfi pomffg3 WhEre the zerd crossiine
11 g8roupsdntessect with-hlack dots. 1n.Fig-4Q, the zera.cross lipes ofthe-Xc 4
clock signals and the zero cross lines of the Y clock signals are shown
thatogethermdthosalichlinesata which is the signal light at the

perimeter portion will not be reflected very much in the

lat

th

image cbtained as ¥ clock signals, and rather reflect a
background with low grayvscale values. Accordingly, the
probability is high that the zerc cross points obtained at
the perimeter of the X clock signal and Y cleck signal
images will be low in reliability.

Bccordingly, thus gradually enlarging extracting of the
zere cross polints from around the center enables a correct
zero cross line group, wherein the order relation of zero
cross positions in the signal light area match, to be
extracted easily and in a surs manner.

8. Zero Cross Line Grid Point Extraction

The above processing obtains information of the zero
cross line groups of ¥ clock signals and zero cross line
groups of Y clock signels, and the No. o0f each zerc cross
line in the X direction / Y direction (specifically, the No.
thereci out of the 5172 lirnes) in the image. Thersafter,

obtailning the intersections (grid points) of the zero cross



Resampling to 1 x 1 Thus, the data pixel positions (resampling positions)
are identified by the grid points. Thereafter, obtaining the grayscale
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 to be obtained in data pixel increments at
the SLM 4. Thus, 1 x 1 resampling is completed. Note that the amplitude
value obtaining processing at the data pixel positions, based on the

Lo nf ' r lj iti [ ifi descrihed above, js... £

s v e

vy cwhich willbe describachindhe mexp section-Fordeferencejateimage=1s to
obtained as the result of the resample processing is shown in Fig. 42.

be ConfigurationrforRealizifg the Resembling Rrocessing: Atcofding 16 five
Second Embodiment Next, the internal configuration of the

wheffo-difierSibnal” T 187 CIOEK eXfradtitty Fdata pixet podition idertifying™™* -
o ¥ 31,7 relzing e tesaniping.pracessing gesordigdp the seeondang

embodimént described above wi escribed with reference to Fig. 43.
+heNgte that Fig. 43 shews the equalizing diker 22,.pixel ampliude vatue

obtaining unit 32, page sync positioning unit 33, and symbol extracting
toganit 84, along withi the ihtersal.configuration of the two-

Resampling teo 1 x 1

Thus, the data pixel positions (resampling positions)
are identified by the grid points. Thereafter, obtaining
the grayscale 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 to be obtained in data pixel increments at
the SIM 4. Thus, 1 x 1 resampling is completed.

Note that the amplitude value obtalning processing at
the data pixel positions, based on the information of
resampling pesitions 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 obtained as the result of
the resample processing is shown in Fig. 4Z.

Configuration for Realizing the Resampling Processing
According to the Second Embodiment

Next, the internal configuration of the two-dimensional



dimensional clock extracting / data pixel position identifying unit 31.
Specific operations of the pixel amplitude value obtaining unit 32, page
sync positioning unit 33, and symbol extracting unit 34 will be described
with Fig. 43 along with the operations of the two- dimensional clock
extracting / data pixel position identifying unit 31. In Fig. 43, the
two-dimensional clock extracting / data pixel position identifying unit 31
internally includes an X- directional differentiation processing unit 40x, a Y

. _directignal differenti tiontprocessiqg unit AQy, an X, absolute value .. .
C*OB}%C%&?T%”&H]'?& , &Y absoluté vaftie® procéssing Uhit 41y ah XFFT -

£0r PROCESSINGUNIL 42X, A YRR ijEQC%S&B’E;%HE}R%&YB%&‘E{Q%S'%%@@
component processing unit 43x,a Y-clock signal component processing

secUnit 43yhan iX-phasashift-precessing wnitddx] ad¥-phase shift=d with
processing unit 44y, an X-IFFT processing unit 45x, a Y-IFFT processing

refgniRdsy, an XiZero ctdss linkéxtractioh 1148 precessititeuiitiaox, a Y
zerp cross line extraction processin $nit 46y, and a zerq cross line qrr ‘

| d
9B otht Braction thit47. First the Xlditdctibnal differéntiation prockss !“glt

n
32, unit 40x and.Y-diy SE@%@!P&?TSHE'S%“%F’ro&ﬁés"é%ék@gﬁ%\é@?%%-

imagde signals from the equalizing filter 22, and execute the
uriabovg-desenthed.Xdiregtienalnternal configuration of the two-
dimensional clock extracting / data pixzel position
identifying unit 21. Specific operatiocns of the pixel
amplitude wvalue obtaining unit 32, page sync positioning
unit 33, and symbol extracting unit 34 will be described
with Fig. 43 along with the cperations of the two-
dimensional clock extracting / data pixel position
identifying unit 31.

In Fig. 43, the two~dimensional clock extracting / data
pixel position identifying unit 31 internally includes an X-
directional differentiation processing unit 40z, a Y-
directicnal differentiation processing unit 40y, an X
absolute value processing unit 41x, a Y absolute value
processing unit 41y, an X-FFT processing unit 42x, a Y-FrT
processing unit 42y, an X-clock signal component processing
unit 43%, & Y-clock signal component processing unit 43y, an
¥X-phase shift processing unit 44x, a Y-phase shift
processing unit 44y, an X-IFPT processing unit 45x%, a Y-IDET

processing unit 45y, an X zero cross line extraction



differentiation processing and Y-directional differentiation processing.
That is to say, the X-directional differentiation processing unit 40x
performs X-directional differentiation processing using the X-directional
differentiation mask such as shown in Fig. 27A, and the Y- directional
differentiation processing unit 40y performs Y- directional differentiation
processing using the Y- directional differentiation mask such as shown in
Fig. 27B. The X absolute value processing unit 41x performs processing

for obtainingrg sol%te values of the values in . the image following the
al‘di

rogess i LoD L Z2eT0 Cross, Llng eXC L OTE.
PLORSdirection erentiation processing performed by the X-diréctional

profifferentiation; pracessing.unitAGcabove, and supplies;theresylts thereof
to the X-FFT processing unit 42x. The Y absolute value processing unit
ext4kyalsorperfarmsiprocessing for obtaining absolute values of the values
in the image following the Y- directional differentiation processing
peHoiféd by the y-ireetibraltifferehtiaficit plocessing unitutyeabove,
.and - 149 supplies the results thereof to the Y-EFT processing unit _42y..
151716 WFFT procsSiiy Uni 424 andy FFT processing unit 429 ehch -
¢ 0ySWEst thedmages following absglute valuenRrocessing £l ey Xrdifection; 2,

timing pulse signals and Y- direction timing pulse signals) that are
andsupplieddeorithe X- absolute value processing:unit 41x and Y absolute

val

difglggntiation processing and Y-directicnal differentiation
processing. That is to say, the X-directional
differentiation processing unit 40x performs X-directional
differentiation processing using the X-directional
differentiation mask such as shown in Fig. 27A, and the Y-

irectional differentiation processing unit 40y performs Y-
directional differentistion processing using the ¥Y-
directicnal differentiation mask such as shown in Fig. Z27B.

The ¥ absolute value processing unit 41lx performs

processing for obtaining absolute values of the values in
the image following the X-directicnal differentiation
processing performed by the X-directional differentiation
processing unit 40x above, and supplies the results therecof
to the X-FFT processing unit 42x. The Y absolute vaius
processing unit 41y also performs processing for obtaining
absolute values of the values in the image following the Y-
directional differentiation processing performed by the Y-

directional differentiation processing unit 40y sbove, and



processing unit 41y respectively, to two-dimensional FFT processing. The
results are the analysis results such as shown in Fig. 30 and 31. as
described earlier. 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) centered on a reference point fx = 512, fy = 0 such as described
above. The center compaonent and surrounding components of the peak

SUPHortion detécttd 38 a resultof e s&&rch e Extracted™8S SEEIoeR sighat

47~,components. That is to say, as described above, a 11 x 11 rectangular
“region with the center of the detected peak portion as the center thereof,
is exteactedras X-eleckssignal components.akhe X-alotk gighal-compenent «
processing unit 43y also in the same way subjects the analysis results
12 yobtairedswe twotdithensiomab EET bylthe W-REF Tagrocessing unit 42y to
peak - 150 portion searching of the power spectrum within a

PECfietietetthined Search Tange (rettingularegionbf f01% 101) tefitkted -
airORRLEierencs RO D) Miglfsdnc atl . L1 [ealanduar ieaian o x

with the center o etectedpeak” portion as the ce ereof, is
ab sextracted as Yocloek ~signal-companents..The-X-phase shift processing

unit 44x multiplies the X-
processing unit 41y respectively, to two-dimensicnal FFT
processing. The results are the analysis results such as
shown in Fig. 30 and 31 as described earlier.

The X-clock signal component processing unit 43x
subdjects the analvsis results obtained by two-dimensicnal
FET by the X-FFT processing unit 42x to peak portion
searching of the power spectrum within a_predetermined
search range (rectanguliar region of 101 x 1CGl} centered on a
reference poilnt fx = 512, fv = 0 such as described above.
The center component and surrcounding components of the peak
portion detected as a result of the search are extracted as
¥-clock signal components. That is to say, as described
above, a 11 x 11 rectangular region with the center ©f the
detected peak portion as the center therscl, is extracted as
X-clock signal components.

The X-clock signal component processing unit 43y also
in the same way subjects the analysis results obtained by

two-dimensional FFT by the Y-FFT processing unit 42y to peak



clock_ signal components extracted at the X-clock signs- component
processing unit 43x by jw. That is to say, the X- clock signal components
are multiplied by the X-direction frequency jWN in accordance with the
frequency of each of the components, such that the phase of the X-clock
signals obtained by IFFT of the X-clock signal components is shifted as
described with Fig. 34. in the same way, the Y-phase shift processing unit
44y multiplies the Y-clock signal components by the Y-direction
frequency joy in accordance with the frequency of each of the
POrEoRBoRERLS - SacH tHat the PhESE B the P elockSidnals “Obtdined by IFFT
Br e%@g rﬁff 1%:5 Sé%%%g’@ n}paq{]&é]ts( 'fesﬂfé%fjg L?‘faqfsfg Q?g ’W @fF '90%4 xﬂi% 1)
X-IFFT processing unit 45x performs IFFT of the X- clock signal
cenC@Mpanents preecessed hy-the-xphase shifty pracessing unit 44xise astox
convert the X-clock signal components into X-clock signals serving as an
11 aetoakimage: rdnthe samerwaly, thecy 4RET processingeunie45y pedomas: «
151 IFFT of the Y-clock signal components processed by the Y- phase
POTEHifthréessitiy (it 43y so' 4510 Convert thé YEEIGER sigival Comptnents
_.Inta Y-clock signals serving as an actual image. As can be understood
=95 the ¢ %%g%%eééription, the X-IFFT processing unit 45x at this time

perfaems: SEFJs whereinthe reselutiomin the X direstion.isfeurfoldsande x-

wherein the resolution in the Y direction is 1/4. Also, the
clock signal components extracted at the X-clock signal
component processing unit 43x by jo. That 1s to say, the X-
clock signal components are multiplied by the X-direction
frequency Jjo, in accordance with the freqguency of each of
the components, such that the phase of the ¥-clock signals
cbtained by IFFT of the X-clock signal components 1s shifted
as described with Fig. 34.

In the same way, tThe Y-phase shift processing unit 44y
multiplies the Y-clock signal components by the Y-direction
freguency jo, in accordance with the freguency of each of
the components, such that the phase of the Y-clock signals
obtained by IFET cof the Y-clock signal components is shifted
as described with Fig. 34.

The ¥-IFFT processing unit 495x performs IFET of the X-

iy |

clock signal components processed by the X-phase shift
processing unit 44x so as to convert the X-clock signal
components into X-clock signals serving as an actuai image.

In the same way, the Y-IFFT processing unit 45y performs



X-IFFT processing unit 45y at this time performs IFFT wherein the
resolution in the Y direction is fourfold, and wherein the resolution in the X
direction is 1/4. The X zero cross line extraction processing unit 46x
detects the positive 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 technique described in Fig. 37, and stores these in the array variable
(clkx timing (i, j)) as described earlier. Extracting of the zero cross point
Is first @%rfor@_e&fé%m around the 8osition estimated to be the cejglglecer -

1 FF|riJosO| ion of the S|gnalklig?|3f %?@a% A2TARY qg%ﬁd@aﬁl@%ﬁﬁr@%d%g the

phaS¥royndings thereaf. In the same way, the X zerg cross line-extiaction . ; o
processing unit 46y detects the positive zero cross points for each

s 1 geelumpcinibe dhdisectiondframdhe kclock sighalss ebtained frometheactual
Y-IFFT processing unit 45y, using the technique described in Fig. 37, and

imagtpres fesedn the arraovdariable (drRPImifgE( GPasedeseibetrdariier. the

152 Extracting,of the zero cross point.is first performedF from around the

A Ipositish estimatdftobe the'center pasition of e SignaPiight area A2,

wne8Rd § gradually. enlarged to, the. surroundings. thergof, In the case, of this,
zero cross point extraction for Y clock signals as well. The zero cross line

whe@td poifit extraetion.tnib47 i extracts thejinterseationsi(grid pointshokthe the
Zero Cross

X-IFEPT processing unit 45y at this time performs IFFT

wherein the resoiuticn in the Y direction is fourfold, and
wherein the resocolution in the ¥ direction is 1/4.

The X zerc cross line extraction processing unit £6x
detects the positive zero cross points for each row in the X
direction from the ¥ clock signals obtained from the X-IFTT
processing unit 45x%, using the technigue described in Flg.
37, and stores these in the array varieble {(clkx timing (I,

racting of the zerc cross

i)} as described earlier. Ex

t

point 1s first performed from around the position estimated
o be the center position of the signal light area AZ, and
1s gradusally enlarged to the surroundings thereof.

In the same way, the Y zero cross line extraction

o]

rocessing unit 46y detects the positive zerc cross points
for each column in the Y direction from the ¥ clock signals
obtained from the Y-TIFFT processing unit 45y, using the
technigue described in Fig. 37, and stores these 1in the

array variable {(clky timing (i, 1)) as described earlier.



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, in the 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, but the sets of zero cross points for
each row and each column can be handled as zero cross lines.

£ SREEIICally the pets of zero cross points stored-for eachrow and.aach o,
column can be su@bjegtea to linear interpolation to obtain information for

arof@eh zero ¢ross linerThe zero,¢rogs finegridpoint extractiop ybit4ilon of
performs such processing to obtain a zero cross line group of the X _

thecletksighalsiaid azesa CFO5Ss lnecgrospaf thien ¥ 1 clock signals;dndo  the
extract intersections thereof (grid points). These grid points serve to

U T S BiAIH tHeISoSHIGHSS6 data pixBR GTARE SEM & hwithirf HE invdge: .ePo Nt
resampling - 153, positions are obtained. Storing each zero cross point in

eth%aecg‘r%éjf variable as~described above eénables the zero cross lines

gengtated from. setsofjzerg crossipoipts to ke dentified regardingawhich
No. line each line is in the X direction / Y direction. That is to say, the data
extpixekpositiensiidentified-as grid peointsiofisuchtzero crfossilinezgroups cans
be identified as
lines cobtained from the results of extracting the zerc cross

peints by the X zero cross line extraction processing unit

=

46x and rerc cross line extractlion processing unit 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
of 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 zerc crogs lines. Specifically, the sets of
zero cross points stored for each row and each column can be
subiected to linear interpolation to obtain information for
each zero cross line.

The zeroc cross iine grid point extraction unit 47

performs such processing to obtain a zero cross line group

i

of the ¥ clock signals and a zero cross line group of the ¥
clock signals, and extract intersections thereof (grid
points). These grid points serve to obtaln the positions of

data pixels of the SIM 4 within the image, i.e., resampling



being which No. grid point it is in the X direction /Y direction. The
information of the data pixel positions obtained by the zero cross line grid
point extraction unit 47 are supplied to the pixel amplitude value obtaining
unit 32. 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 signals), and obtains the amplitude values of each data pixel

posb%}éi‘ﬁaﬁ in the W&@Hal; (i x 1 resampling). The amplitude value
obiinng progeseing lollowing iaving pbiainedstieh.data pixgl Posilions..

can be performed by interpolation of the two-dimensional signals
aesiollowing ihe tesampling:theprem: Alternatively, interpelatien «proeessingom
widely used in the field of image processing according to the related art
setmaybe pedormed: Examples - 154cwhictemay besusedfor g ng which
interpolation processing include the nearest neighbor method, the
No . pillidear fhtefpolatich hiethBd “the cubid E6vattion interpolafioh hidthod,

nafT4ihe St Se eV Ol ovs ot e PR ocia
poithes readaut signal withdhe glosestimingisiselecied Bs thelentified as
being which No. grid point it is in the X direction / Y
direction.

The information of the data pixel positicns obtained by
the zero cross line grid point extraction unit 47 are
supplied to the pixel amplitude value obtalining unit 3Z.
The pixel amplitude value obtaining unit 32 takes as input
the informaticn 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 (1lmage
signals), and obtains the amplitude values of each data
pixzel 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-dimensicnal signals following
the resampling theorem. Alternatively, interpoclation
processing widely used in the field of image processing

according to the related art may be performed. Examples



amplitude value for that pixel. The nearest neighbor method is also
advantageous in that processing time can be reduced, since calculation
processing based on functions and so forth does not have to be
performed. Also, the cubic convolution interpolation method, or
interpolation by cubic convolution, involves piecewise cubic polynomial
approximation of the function sin(x)/x used for interpolation based on the
sampling theorem, and while the processing load is greater than that of
the nearest neighbor method, it is advantageous in that high-precision

WE LR IRY calf bB Ubftaifed. Thie-present ﬁ_ﬁ%%‘ﬁﬁ@ﬁt Sthploys this cuble--1de
theP%n£¥%%%“H%?@ﬁ%%@”dg%$%€(h%ﬁ%”@TﬂfE%%Q§ §W¥8¥E®%é¥ion

‘cubic interpolation™) for amplitude value “obtaining processing. The page
me t BYRE, Pesitioning Unit-33perfermspositioring cprecessingbesed pndhe the

information of amplitude values of the data pixel positions obtained at the
bicpixetamplitude nvalueagbtaining unit 32, and information of a

predetermined - 155 data pattern serving as page syncs set in a

reordintfformal befsreRand. TREtSs 16 45 the Posfions brithe"od +3
.recording_format i.e.,t@e _ositiong,iwi hi@ e.holog ge sti ted
effectlVv wfn Il fbt%e 'geepeaa&nﬁépr% g%e (;fg %’gé}@, &wgg& %ql

by the format) of the identifi Is are identified. The processing
reaf®h POSHIORING Using Page Syncs can be: perfarned usiagdeehniques the

according to the related art.

amplitude value for that pixel. The nearest neighbor method
is also advantageous in that processing time can be reduced,
since calculation processing based on functions and so forth
does not have to be performed.

blsc, the cubic convolution interpolation method, or
interpolation by cubic conveolution, involves pilecewise cublc
polynomial approximation of the functicn sin(x)/x used for
interpolation based on the sampling theorem, and while the
processing ioad 1s greater than that of the nearest neighbor
method, it is advantageous in that high-precision results
can be obtained. The present embodiment employs tThis cubic
convolutlon Interpcolation method (hereinafter may be
abbreviated to "cublc interpolation"”) for ampiitude value
chtaining 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 32, and information of a predetermined



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 based on 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 estimated range,
and the position with the greatest correlation value is identified. Once the

A2T50&ifidr 6 the® PRgesyne in Bifimage Signals fis obtdined: THé Positiohs BFat
pe rihedala pixels.on.the format §§? be.idenified foigwing, the inform ?1 ation,qf, .
0Si

the recording format. Now, p oning processing using syncs in the case

forafathe seeond embogdimant differs.from the ease gbthedirst: epibadiment
in that positioning processing is performed on an image wherein the

st igmplitude has dlreadicesritobtainedin indrermedisaof datd pixels:@es atre
arate of 1 x 1), so - 156 syncs can be used in the originally intended
E}salgel%]so the amount of calculation for the positioning processing can

beﬂ]l%r gé/ gggc %a;s £om areq with.the cﬁsflse of the flrst embodlmgent

. 1 lOTbll’l Slﬂg Nnes
Whereln pOSItIOI”IIn rocessl as to %e rformed on an [ age

pe rfollewing %gﬂqu@@@mqj@ssmwﬂiﬁa@tla@ upit 34.performs arc.
extraction of the symbols within the hologram page using the information
That is To say, the hologram page 1in this case has at least
one sync embedded as a2 page sync, and template matching by
correlation computation based on the predetermined data
pattern serving as the page syncs, 50 as to identify the
position cf the data pixels on the format. Specifically,
range of page syncs can be estimated fto a certain extend
based on the recording format, so correlation values as Lo
the predetermined data pattern are calculated within the
estimated range, and the position with the greatest

3

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 uveing syncs in the case of
the seccnd embodiment differs from the case of the first
embodiment in that positioning processing is performed on an
lmage wherein the amplitude has already been obtained in

increments of data pixels {(i.e., at a rate ¢f 1 x 1y, =0



of the positions of the data pixels on the format, 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 detection 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 sp% rse code deco._ding unit 25 _ .
SYOS&HGIInG UedSMg Processifg of the Sparse coddin inctafients of - 5°

£ neSYINROIS fo gbtain the sreprqduced data will be omitted here, sincethisjs ~an

the same as with the case of the first embodiment. Also, though omitted
be HEMIEIQS. A3-and 24 aseonfigurationimayhe added-todbedatahe first

reproducing unit 13 for performing basic pre-processing normally used in
embiphiges processing. asrsuitabled For examples assignalprécéssing: - 157

unit may be provided which performs AGC (Automatic Gain Control) for

p err@ﬂﬂffﬁb frregtifaritiesdn sﬂ%ﬁé%ﬂxj}ﬁ 16vé | Corréctivh? daficlevel
CO%%%'O%Q% so forth. A fnnav't&ﬁﬁ% degctiption giyen aboye, the zerq -

cross lin point extraction unit 47 has been described as performing
+ ndhe precessing for generating-the¢-glock signal <zetq cress linergroups:ion

and Y-clock signal zero cross line
of the positions cf the data pixels on the format,
identified by the page sync positioning unit 33. The
amplitude values of the dates 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 detection 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 20 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 empodiment.

Also, though omitted from Figs. 43 and zZ4, a
configuration may be added to the data reproducing unit 13
for performing basic pre-processing normally used in image

processing, as sultable. For example, a signal processing



groups from the sets of zero cross points for each row and each column
stored in the array variables, but an arrangement may be made wherein
the X zero cross line extraction processing unit 46x and the Y zero cross
line extraction processing unit 46y respectively perform this processing.
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

undfediiRy dncarargerant CHhrbE niselWhErein the iMdge dighals folfowing
ConPOSESSIRg by the e\%*;@éézifgﬁgtsaﬁgﬂ% sstored inmemory, with the 1 .,

two-diménsional clock extracting / data pixel position identifying unit 31
coraagdthe pixeh amplitude value obtaining-ynit32 sharing thenimage within

the memory. Advantages of Resampling Technique According to Second

- 158sEmbotdiment: Vit thecresampling technigue decording tosthe cross

second embodiment described above, the X clock signals (X-clock

LingmfeHmations SBivirga8 #itbrmatoh reprédenting the Tyce SHaseSand

e -drection.ofthe X dtectiona, dlock components, In.the-mage. apdyhe ..o,
- clocf<n3|g%afs &-%I%cﬁlnformgtlon(s s€erving as information representing
zerthecysle; phage, aldups and Y-clock signal zero cross line
groups from the sets of zerc cross points for each row and
each column stored in the array variables, but an
arrangement may be made wherein the ¥ zero cross line
extraction processing unit 46x and the Y zerc cross line
extraction processing unit 46y respectively perform this
processing.

Alsc, 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
reality, an arrangement can be made wherein the image
signals following processing by the egquallizing filter ZZ are
stored in memory, with the two-dimensional clock extracting
/ data pixel position identifying unit 31 and the pizxel
amplitude value obtaining unit 32 sharing the image within
the memory.

Advantages of Resampling Technigue According te Second



direction of the Y-directional clock components in the image, can each be
obtained from the peak portion of the power spectrum within a first
predetermined range and the peak 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 signals 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
Embagtd"5ikéls can be obtained based on the position information thereof. At

thig fime..the &@9%@%@ and.the Ysclock. signals,obtained based on,

the analysis results also include information regarding the cycle and
embBhases rand-alse the diregtien=qf thewaves; regardingrthe X-direction: «

clock components and Y-direction clock components. Thus, the data
infpixekpdsitionssarevidentified baded va the X-clesk sighalsiand e Yoolocke -

signals, and accordingly the data pixel - 159 positions can be identified so

Phags to Rafidle rofition St the imiye’ a8 Well b Chtirse, the dataPiker <™=
in E%%UQQ%C%Dbgnﬁeggge%sgfﬁﬁgng E%a@aqwm¥5§g§”¥%9%¢ﬁation)

image size as well. Moreover, the data pixel positions can be identified
s=r$Q 4§ t@ praperly-handle distertionssugh: as;in-€ases;that the glogk, and

‘frequencies are not the same in the X direction and Y direction, for
direxample. of the Y-directional clock components in the image,
can each be obtained from the peak portion of the power
spectrum within a first predetermined range and the peak
porticn of the power spectrum within a seccond predetermined
range having been extracted from analysis results obtained
by two-dimensional Fourier transformation regarding readout
image signals. Based on the X-clock signals and the Y-clock
signals, the pixel data positions within the hologram pagse
recorded on the hologram recording medium HM can be
identified, and the amplitude values ¢f the data pixels can
be obtained based on the positicn information thereof.

At this time, the ¥-clock signals and the Y-clock
signals obtained based on the analysis results also include
information regarding the cycle and phase, and alsc 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



Also, with the resampling technique according to the second embodiment
described above, the data pixel positions can be identified without using
syncs inserted in the hologram page. According to this, the recording
capacity of the user data can be increased. That is to say, the recording
density of user data can be improved. Also, with the resampling technique
according to the second embodiment, the data 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

PO5¢as¢Bfa téchnitue Efploying TeSampling depénderit ondyhtsom the “he

imag\é?ntatgatw% fi‘rfai”oPoE;t_ic?ﬁ‘r%fea”_ Image;seryin i%%% iﬁé%c%!& amnaged,, .
ata pixel posifion identification is not properly performed at that region,

ideand there is the;possibilityrthatall data-within /thatiredion may ke lostabide
with the second embodiment, the data pixel positions can be identified

s1izesiag the ehtiretylof oobtained image signals, and inthis sense moere be

. robust 160 readout can be enabled. Also, enabling data pixel positions to

Laepé ideritifiedcwitRoltpdsttisititertifictionSviics tisés syhes, Tiormaf s 7

casBCSAgE can be smplayed wherein bit sypcronization is perfrmed,
upon which frame synchrom%ﬂon IS perf%rmeg accor(%ng to syncs for

d1i ridentifying:what-pesitien-endhe regerdingformat each bit value is

situated.

Alsc, with the resampling technigue according to the
second embodiment described above, the data pilxel positions
can be identified without using syncs inserted in the
hologram page. According to this, the recording capacity of
the user dats can be Iincreased. That is to say, the
recording density of user data can be improved.

Alsc, with the resampling technigue according to the
second embodiment, the data pilixel positions can be
icdentified using not conly 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 technigue emploving
resampling dependent on syncs, in the event that a certain
portion of an image serving as a sync 1s damaged, data pixel
position identification is not properly performed at that
region, and there is the possibility that all data within
that region may be lost, but with the second embodiment, the
data pixel posgitions can be identified using the entirety of

ochtainad image signals, and in this sense more robust



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 scheme can be alleviated with the second embodiment.
Also, the data pixel positions are identified using the entire image,
without distinguishing between syncs and user data as described above,
so there is no restriction on recording modulation encoding whatsoever.
From the above, it can be understood that with the second embodiment,

f[eegom in recording format design can be markedly improved with the
Teadgtond-émbodiménts AfSo; with the second embodiment, at the time of

exg@g%”g é@%ﬁﬂook %Oa“eeo”%@}e%”ﬁf;-s%%%&%n Ronent, gach image is

subjectéd to ferentiation processing for edge enhancement, and then
w1itRendingasprocessing4absolute;value processing)s andsthe imagesare

then. subjected to analysis by two-dimensional FFT. This enables the
synpealk feyel ofitheo eloekisignat dontponehts bldtainedrasitherresalts of: 1s

analysis - 161 to be obtained in a more sure manner, whereby erroneous

perdetdefion of ek Ehrial combReRtd Ga BE fiffily steverted ™ Alsor With

acctohre i%ccgng embO((j:lgnepCt),rt.h? Cim}guﬁ;e O||OWIH%}:}UQ‘-SC%|%F}_ ullsOQ{wggdg% éwo

CO n AN i 1TL
SYyS ems, and ?ﬁ/e processing O% X- HYectl%n | ?ere tlatlon, non-linear
recBrOgessing, rdinaensional FR and X-¢clackisignal gomponent

extraction, and

As can be understood from the peint that syncs do not
have to be inserted for identification of data pixel
positions, restrictions on the recording format scheme can
be alleviated with the second embodiment. Alsc, the data
pixel positions are identified using the entire 1lmage,
without distinguishing between syncs and user data as
described above, sc¢ there is no restriction on recording
modulation encoding whatsocever. From the above, it can be
understood that with the second embodiment, freaedom in
recording format design can be markedly improved with the
second embodiment.

Zlsc, with the second embodiment, at the time of
extracting the X-clock component and Y-clock component, each

image is subijected to differentiation processin

ko]

for edge
enhancement, 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 of the

clock signal components obtained as the results of analysis

- 161 -



Y-direction differentiation, non-linear processing, two-dimensional FFT,
and Y-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 say,
this enables the X-clock signals and Y-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
, ortion of the peak portion of the spectrum but alﬁo the surrounding
20 KSmpoh@nts-tarbe takER 6gBter fBFFET g Jaierate st Sgaals and
detincluding the surrounding, sidebands in this way.enables jittefing 10 beventeq .
expressed, and clock signals can be reproduced including minute
flustuations in the-actuakrepreducedimagen Thatisdo sayowitli #he owing
present embodiment where data pixel position identification is performed
ue-pasdd-of clockssigrals i this Tranfers highspregisior:pasiigipcessing of
identification is realized - 162 which fan follow minute fluctuations in the

actual reprodutedimage’ i iight 'of the pBint that MiRate iucttationsin
twoﬁﬁﬁﬂgﬁgﬂﬂﬂﬁ?d%ﬁ%ﬂiW§Q§%@Q@%é@kﬁ%ﬁkgﬂdHS%BB@&H@Iextraction,

enlargement/reduction, rotation, and so forth; for the reproduced image
andcan be followed as described above, pixel matching in the strict sense
(optical pixel matching) where
V-directicon differentistion, non-linear processing,
two-dimensional FFT, and Y-clock signal component extraction,
are performed independently for the ¥ direction and Y
direction, which enables clock signal components to be
extracted well without interference from the cther. That 1is
to say, this enables the X~clock signals and Y-clock signals
to be obtained as clock signals with higher precision.
Alsc, with the second embodiment, at the fime of
extracting the clock signal compenents, not only the center

portion of the peak portion of the spectrum but also the

surrounding components can be taken together for IFFT t

G

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
identification is performed based on clock signals in tnis

manner, high-precision position identification is reaiized



the pixels at the 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 design, and also increases in costs for increased
precision can be suppressed. Note that while description has been made
above that the data pixel positions can be identified without using syncs
with the case of the second embodiment, it can be clearly understood
from the earlier description that even if the data pixel positions_are

whigenfififd, &t thatpdint WiRich poshivhtin tHE hofbgrdm @rresponding to

repthéa d%gré%l Qgﬁgtc%rea A2 these data pixel positions belong to. Accordingly,
“the positioning is performed with the page syncs as described above, to

identify thepositions,en the fermat{page syne pesitioningnit33); and gt

this time, the number of page syncs for such positioning on the format
actonly haspodibitzas shewr ircEiy. 44 next. <1637 Altersatively, paultiplet hat

page syncs may be inserted, as shown in Fig. 45. In the event of inserting
en LiwedRiitiple’ PageSyncs as'shown inFig 245! the page sync positibhing

unit §3 integrates these rggltlp(lj% page syncs %\éesnc@%gg %g\p{{? pixel

repro Ceq, Ymad. carn @]
sca tereg In posﬁon So as'to be han(ﬁed as an integrated page sync
na t(template), andpesformsipasitioning by template imatching:using.q) where

correlation computation.
the pixels at the 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 ilncreases with regard to system design, and
also increases in costs for increazsed precision can be
suppressad.

Note that while descripticon has been made above that
the date pixel positions can be ildentified without using
esynce with the case of the second embodiment, 1t can be
clearly understood from the earlier description that even LE
the data pixel positions are identified, at that point,
which position in the hologram corresponding to the signal
light area AZ these data pixel positlons belong to.
Accordingly, the positicning is performed with the page
syncg as described above, to identify the positions on the
format (page sync positioning unit 32), and at this time,
the number of page syncs for such positioning on the format

only has to be 1, as shown 1n Fig. 44 next.



Also, 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 if each page sync pattern is different. In fact, such an
arrangement may be intentionally made, to improved the correlation
properties of the integral page sync. Now, in the event that there is a
single page sync, and that sync is damaged, the information of the entire
page will become undecodable. On the other hand, the arrangement of
dii#ersing multiple page syncs as described above is advantageous in
thate

lffethof deveral ofthése bEing>damayed talibe dismidsea” - 2°
s ho&%i?ai”?!”% gsultssof page positioning, processing. and,accordingly; « : 11 e

information’of the entire page is not lost. Now, with a resampling
pagtechnigue whereinsyncrdependent sdatarpixel pgsitionridentificationising

performed, the sync size has to be made relatively large so that the syncs
uniwill3 be detected ik a sure prannek tWithathe zase of e s€cthd L164:90

embodiment as well, page syncs have to be used for confirming the

chegoditicn SR he fortht dt thé inal stige Cbtat the fime 6f thipositiorifg,
e o s
oSO L. el sl pplans enyfes o esanying o

ave alr een completed, and paositioning is
cenperformegasto this resampled data, soithe syngsize does not have to

be made as great as with a case

Alsc, in the event of inserting multiple page =yncs,
these are integrated and functilicon as an ilntegral page sync,
so there 1s not problem whatsocever even 1f each page sync
pattern is different. In fact, such an arrangement may be
intentionally made, to improved the correlation properties
of the integral page sync.

Now, in the event that there is a single page sync, and
that sync is damaged, the information of the entire page
will become undecodable. On the cther hand, the arrangement
of dispersing multiple page syncs as described above 1s
advantageous in that effects of several of these being
damaged can be dismissed regarding results of page
positioning processing, and accordingly information of the
entire page i1s not lost.

Now, with a resampling technigue whereln sync-dependent
data pixel position identification i1s performed, the sync
size has To be made relatively large so that the syncs will

he detecrted in a sure manner. With the case of the second



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. it should be noted that the second
embodiment performs 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
brecgjgctiog of over-sampling rate as comé)aredtwit_h a non-linear

SO ngi%glréﬁro%ﬁiﬁg %ﬂ‘} feny g@&)srd%gvt% the related art, coonrsequently

con%aﬂaw%h@%re@g@@g density of data as.fothg hologram recerding ¢,
medium HM, and improved data transfer rate. Experiment Results of

put Resembling Brecessing. Ascerding-tocthen§ecant: EmbodimentiFigsh46 data
through 49 illustrate experiment results for demonstrating the

pizeffectiveness of thelfashnipling teéskhighe sdcedrding 6 fhigisecord ©f
embodiment described above. Note - 165 that tl‘ﬂseerec rding format set

AP ot GpEinihG tHe expariment Testits STGWn i ElgsS46 tHrotgh 49 is as
posollows: Pata minimum Jaying unit, 1, symbal (4.4 Bits 5:16,0its) SynC ye
© size: 1 symbol Sync interval isper: 48 pixels Radius | rad of signal light
synareaiA2 16%pixelstNetedbat in this cases thessyne-interval ispenisz case
wherein sync-dependent data plxel position identification is
performed. In this way as well, the recording density of
user data can be improved according to the second embodiment.
It should be noted that the second embodiment performs
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 polnt, 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, ccensequently enabling
high recording density of data as to the hologram recording

medium HM, and improved data transfer

by

ate.
Experiment Results of Resampling Processing According to the
Second Embodiment

Figs. 46 through £9 illiustrate experiment results for
demconstrating the effectiveness of the resampling technique

according to the second embodiment described above. Note

|
[
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{1
|



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 symbols
(bytes). Fig. 46 illustrates the error distribution, SIR (symbol error rate),
and SNR (S/R ratio) within a page in a case wherein data reproduction
has been performed with a resampling technique according to the related
art on a hologram recording medium HM where data recording has been

thafegfgrem%d agg::(gdln to the qbove;de crlb%%fiormat. This "resarggllqgﬂem

=30 ngl I oLma 20 Qr A 111 tne ex
echnigue accordin t6 ThE Felated art Herd s Thé same as the tecﬁnlque

reaccrding fothe related.art desaribed in Fig, 19.abave: Speifically, this is
a technique wherein a data pixel position is selected from 4 x 4 readout
Datsignalsi and the value thereof is takenmds:the (@mplitudeivadue: AlsolRigs)
47 illustrates the error distribution, SER (symbol error rate), and SNR
Syn(S/Riratio) withfvaPage in a - 166 case wherein data reproduction has
been performed with the re4s§m ,Iing technique according to the second
g

&Y NG mbodiMeRt i tiese” drawifigs ThE i

In-page errors are indicated by

raq@Utline squares; and double sguares indicate. errorscin bitipgrements (bit
error) at the inner frame thereof and errors in symbol increments (symbol
ermof)y-at theputenframestheseef, the sync interval 1 sper is
twice the interval in the case in the first embodiment, and
the number of syncs arrayved in a page 1s markedly reduced.
Incidentally, the data amount which can be lald in one page
in this case 1s 5,555 symbols (bytes).

Fig. 46 illustrates the error distribution, SER (sympol
error rate), and SNR {S/R ratio) within a page in a case
wherein data reproduction has been performed with &
resampling technique acccerding 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 1s
the same as the technigue according to the related art
described in Fig. 19 above. Specifically, this is a
technigue wherein a data pixel peosition is selected from 4 x
4 readout signals, and the value thereof is taken as the
amplitude value.

Also, Fig. 47 illustrates the error distribution, SER

(symbol error rate), and SNR (3/R ratioc) within a page 1in a



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 region at
the upper right portion, for example. This indicates that around a sync
regarding which detection has failed is all in error together. In this case,
the SER was 704 symbols out of 5,555 symbols, for 1.27E-001. Also,
SNR was 2.40. Conversely, with the case of the second embodiment
shown in Fig. 47, we can see that there is no concentration of error due to
failed synpndeéeagtg?n such as \C/:vjth the, relat_%d art ;Fi%e.f fesam Iirgﬂg

RN T r [ ! 1 1 HONN = th the
Cas?ec"hrh?quee wherein s;];r?@ &)ependle%?dgt%lsplxeelepro ion idéntification is

resReHormed). Rositionswhere eporshave eecurted are dispersed and the 1,

number thereof is smaller as well. in this case, the SER was 429 symbols
the ot af-%,bDhsymbals; farn7725=002; randsthe r SNRwas 20291 Fronvthesene

results, we can understand that higher reproduction signal quality can be
squabtinedWith dhe 8éEofd LaIBT enilibdiment thaRdwith the resampling

techniqgue of sync- dependent dLa&;a pixel position identification acco{gdigigrors

INCEPRRE rlateddrt. 5h OtHer iords, this eahns that it the” Sacond
in SRodiment. 0. case where higher density tecarding,, o userdalg,is

performed than with the related art, deterioration in reproduction signal
theguality can be suppressed.

irst, in the case cof the resampling technigue
according to the related art shown in Fig. 46, we can see an
entire sub-page in error at a region at the upper right
pertion, for example. This indicates that around a sync
regarding which detection has failed i1s all in errox
together. In this case, the SER was 704 symbols out of
5,555 symbols, for 1.27E-001. Alsoc, SNR was 2.40.
Conversely, with the case of the second embodiment

shown in Fig. 47, we can see that there is no concentration
of error due to falled 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 out of 5,355 symbols, for 7.72E-002, and the
SHR was 2.79.

From these results, we can understand that higher

reproduction signal guality can be obtained with the second



Also, rig. 48 illustrates the margin properties regarding
enlargement/reduction of 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
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 resampling technique

according to the second , embodiment.was employed. As can be seen
b hdf I e s oF e taehhiGEe” Bacording 15 1he Felatettart the
cepBHMBEr of errors,suddenly, dnereases LaroURd A% on according to

" enlargement/reduction rate. In other words, with the technique according

theta-thesrelated art, theenlargement/redyction ratermargin is:egstricted tahe

around 1%. On the other hand, with the case of the second embodiment,
secthenember dferors isalmosturfcHanYEE t6 1arotnd 99ps ity recording

. enlargement/reduction rate, so we can see that - 1§81th€ -

o Bhfarg&hERyreduRiicT P THargii Had beén markedly “widened ds
get£OTPALEd With iae,@gtfgaq{&ﬁ%e&g%@ Figs, 50Aand R0Bdllustrate
analysis results with two-dimensional FFT in a case of enlargement to

suppdettes..Fig. 50A has extracted only nearby the X axis, and the toned

portion therein represents the range of peak search. Also, Fig. 50B has
extracted Ghily nedfbyithé eaxisres the margin properties

regarding enlargement/reduction of the reprcduced 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
symbol errors). The dotted line shows the results of a case
where the resampling technigue accerding toe 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 suddeniy
increases at around t1% enlargement/reduction rate. In
other words, with the technique according to the related art,
the enlargement/reduction rate margin 1s restricted to
around +1%. On the other hand, with the case of the second
embodiment, the number of errors 1s almost unchanged to

around 9% enlargement/reduction rate, so we can see that



and the toned portion therein also represents the range of peak search.
As can be seen from these drawings, the peak of the peak component
moves in a direction inversely proportionate on the axis to
enlargement/reduction of the original image (i.e., in the direction of
reduced frequency in the case of enlargement). 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 .-

the Gt EsERBed Search Tage (161 % 161) Settings Sthie™ Marbini& Aodnd

wia Q¥ dneaning fhata wider searefLrange,wauld allow for an even greater
enlargement/reduction margin. This can also be clearly understood from
the properties «Jiagranrinkig. 48 thatwhifeowith thetechaiguesaccording
to the related art, the increase of the number of errors becomes marked

reswhen thefelistenargenent/reductions With'thé teehriqué acterliniptbthe ©O
second embodiment the number of - 169 errors hardly ghang%s up to the

L

11 e048%F the mafgin® Furthe?, EigT 48 Sivstrat¥s Maliin propertiss ast6 >
ana'Qigton of the é?t roduced image, In this, drawing aswell, the horizenjal .

axis represents the image rotation, and'the vertical axis repreésents the
sezpumber pf georss(ngmbes of rsymbol errors)- The dotted dineishowsdhe axis,

results of a case where the resampling technique according to the related
andafthe toned portion therein also represents the range of
peak search. As can be seen from these drawings, the peak
of the peak component moves in a direction Ilnversely
proportionate on the axis To enlargement/reduction of the
original image {i.e., in the direction of reduced freguency
in the case of enlargement).

Referencing the search ranges and peak portions in
these drawings, we can see that the enlargement/reduction
margin value (arcund +9%) described above has been
determined by the search range. That is toc say, with the
earlier-described search rage (101 x 101) settings, the
margin is around 19%, meaning that a wider search range
would allow for an even greater enlargement/reduction margin.
This can alsc be clearly understood from the properties
diagram in Fig. 48 that while with the technigue according
to the related art, the increase of the numbsr of errors
becomes marked when there is enlargement/reduction, with the

technigue according to the second embodiment the number of
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was employed, and the solid line shows the results of a case where the
resampling technique according to the second embodiment was
employed. As can be seen from this drawing, the margin regarding
rotation has also been markedly improved over the technique according
to 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
rotational angle. On the other hand, with the case of the second
embaodiment, the number of error hardl% chan%%s tQ around 5 degrees,

X e thilt (hBFh&RYTh 35 td Fothfioh hadbesn enfargld by around
tenfold g5 compaged in,the technique accauding o the, pelated art. Hos.

51A and 518 illustrate analysis results with two- dimensional FFT in a
ro+6ase af rtationof-z degrees: FigindLA has extrasted enlynearby:thewe 11,

axis, and the toned portion therein represents the range of peak search.
theAlsor IFign5ER hasiextractadbosly WearhEthe? asist and thefonedndl1 702

portion therein also represents the range of peak search. As can be segn
VeTfonPtheds tiakifgs St peak psrtidh T Sbtinet &tth& fime O FBtation” -
synfiis 1 g iection ol ofhe.axis.in accardance Wilh thesgialional: o case

Irection of the image, with no change in the frequency thereof. Due to

wheSWUCh-a phepemenon; if can beundersipeddhatithe directien and amedntrt

of the peak portion shifting off of the axis froin
was emploved, and the solid line shows the results of & case
where the resampling technique according to the secbnd
embodiment was employed.

As can be seen from this drawing, the margin regarding
rotation has also been markedly improved over the technigue
according to the related art. With the technique according
to the related art, the properties show a sudden increase in
errors at arocund (0.5 degree in rotational angie. On the
other hand, with the case of the second embodiment, the
number c¢f 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. 514 and 51B illustrate analysis results with two-
dimensional FFT in a case of rotation of 5 degrees. Fig.
51A has extracted only nearby the ¥ axis, and the toned
portion therein represents The range of peak search. Alsco,

Fig. 51B has extracted only neaxby the Y axis, and the toned



the reference point in the analysis results represent the direction of
rotation and the rotation angle, respectively. Also, it can be sent by
referencing Figs. 51A and 51.B 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 allow for an even greater margin as
to rotation as well. From these results, we can see that the second
embodiment is more robust as to image deformation, distortion, and
rotation. Modificatigns of the Resampling Method According to the

Porsiggnd Epfsodiment RirStMOaTicalich With the thscrptisir86 147 af the

ns e afddentliying. tie data pixel positions, a pegk portionds seagghed
rom the analysis results of two-dimensional FFT, and the peak portion is

obtsubjegtegitodRET:sovas torobtain-clock signalst as artwo-dimensional of s
image, but data pixel position - 171 identification can be performed even

of withoatdbtaining clock rsignals front b thivedimensiohanimadge. irethisiway o+
First, with the first modification, the processing up to pe_rformirég peak

thesdZidhSront the analysistesits by thW dirfeReionaY FETSE fivd sameé“But-©

sucHogk infgrmation i dirgctly;obtained.from the pgak portiqn detgeted as;a,,
results of the search.

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, 1t can be sent by referencing Figs. 51A and 518
that the margin value of b degrees described above has bpeen
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 1s more robust as to image deformation,
disteortion, and rotation.

Modifications of the Resampling Method According to the
Second Embodiment
First Modification

With the description so far, at the time of identifying
the data pixel peositions, a peak porticn 1s searched from
the analysis resulis of two-dimensicnal FFT, and the peak

o IFFT so as to obtain clock signals

f

portion is subjected

as a two-dimensicnal image, but data pixel position



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 value (complex number) on the Fourier region. That is to
say, the distance from the origin of the peak position is the frequency,
and the reciprocal thereof is the cycle. Also, the direction of the peak
position with the origin as a reference is the normal direction. Further, the
. . _value (complex numb r%yat thg(é)eabé)osition d_qt%rmiqgs t%%rgbglse oftC ok
meﬁféﬁé%f\}él.oﬁcc?&air% fock information can be obtained from the
s 1 gRasition-and value of the,center companent of the peaks pertion obtained
as a result of the search. Thus, in the case of obtaining the clock
infermation based ondthe ceaterrpasition-efthepeakytherresamplingg up
position can be obtained relatively easily with the following calculation
Lo PEninyE PO+ clige+ Al Licike: -T2 Whetd ii-and hiate iftegers; o
.. _P(m, n) represents the coordinate of the resampli,ng positi%n n'th in the X
Singipschishiand mih 1 the'¥ dirdttion PO represents’a nee poit

“fetsrenté point for

a1 € resampling position coordinates, as one-solution for the optimal
sample position obtained from the X-direction clock and Y-direction clock

restwhile therecare many-solutions, it is natural to select one near the middle

As described earlier, the center component of the pesak
portion corresponds tc & single plane wave approximating the
clock signals, and the cycle and phase and normal direction
are determined from the peak position and value (complex
number) on the Fourier region. That is to say, the distance
from the origin of the peak position is the frequency, and
thé reciprocal thereof is the cycle. Also, the direction of
the peak position with the origin as a reference 1ls the
normal direction. Ffurther, the value (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 of obtaining the clock information
based on the center position of the peak, the resampling
position can be cobtained relatively easily with the
following calculation

Pim, n) = PO 4+ m * Lelky + o * Lolkx



of the image with m and n as integers), Lclkx represents the fundamental
period vector of the X-direction clock (single plane wave), and Lclky
represents the fundamental period vector of the Y-direction clock (single
plane wave). Note that the fundamental period vector is a vector of which
the magnitude is equal to the wavelength, and the direction matches the
direction of propagation. 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

whegssifiortisCanoptimal-Safpferpositiotas "shoWirearfier with Fig. 34, so
one near thequgle of the i@g%% can bezuseledct d't’% feﬁtur&lgf_gge first

kS Ce z H L O5LT 10
“OChodification is that only the” center component of the peak portion

1 rebtained astheresult :of sgarching the-analysis resultss dhat istossay,
using the single plane wave corresponding to the center component as

re fthesock signaltallows thescoordinatesiofdthe data:pixel <178 Positions toa s
be easily obtained by linear computation as described above, based on

onethadrfekmation of tHe By e Bhl e phass Bid nbRaldifdetioh (Gedtsh. Trom

Accordingly, the calculation processing load can be markedly-alleviated, ..
th%l%hé]ag%géﬁ%igﬁ has aar%%ag?/e%/lg‘r%gt“ﬁ%%&gﬁg’ urden fiot ai??ﬁg are

mantg he-perfarmed for jdentifying data pixel pesitions. dt-should be notedhthat 1 =
the data pixel position

of the image with m and n as integers), Lclkx represents the
fundamental period vector of the X-direction clock (single
plane wave), and Lcelky represents the fundamental period
vector of the Y-direction clock (single plane wave). Note
that the fundamental period vector is a vector of which the
magnitude is egqual to the wavelenogth, and the direction
matches the direction of propagation.

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,
a2 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 1s that only the
center component of the peak portion cobtained as the result
of searching the analysis results. That is teo say, using
the single plane wave corresponding to the center component

2s the clock signal allows the coordinates of the data pixel



identifying 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 signals, so 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
technique according to the first modification, the image can be divided
into multiple regions, and the series of processing performed on each
POSFdgIGRLTHIS diVisiGn iakés tHesiz& of Bich ratige to e Randied Smdifer,
is_the clock_cycle within each region can be viewed as being a sing| :
o Tt 1 ey THeRong he reLarT e ections bya € and
phadbovasdescribedlinear somputationsfor each regienallowsthe, capability
to following minute deviations to be ensured to a certain extent. As for
<& L specifici processing sfirst,gwbedimensionat FET r« 274 is peHormet dor.  such
each region, and peak search is performed in each region. The
as éﬁé%-e?éé&ibeaqme%r EBputatiohYis SpEAdrmuPhased-of the Eérter Ot
component of the peak in each region, and the data pixel.positions. are.
12 ddtarmined= In the' CaS of AVIdIAG IS TGIONe 16 perorming the = -1

processing. inthis-waythe same processingds pedormed faraagh

region, so multiple signal processing device can be arrayed
identifying technigue according to the first emboediment may
be performed on the entire page image, but in this case, the
single-cycle plane wave will be used as clock signals, so
the capability to fellowing 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 modification, 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 smallier, 1s the clock
cycle within each region can be viewed as being a single
cycle. That is to say, identifying 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.

Ls for specific processing, first, two-dimensional FET
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and calculation performed in parallel. Such a hardware configuration
would realize marked reduction in processing time. Note that the
technique for region division is also applicable to a case of performing
IFFT and reproducing clock signals as the actual image, as described
above. That is, in that case two-dimensional IFFT is performed for each
region, 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 extraction is ggrformed,

18 Bﬁ?é&ﬁﬁ@,dblﬁogxt?ﬁﬁfbnrc?fgdﬁ%fllineasnig gerdfmed 15 the ehtite Tmagd =
in 430 the zerq, cross;lines,extracted.for each regign.In this,case as well;

the processing can be made the same for each region up to extraction of
pertherzerg gasslines; sera: hasdware eonfiguration for parallebpeacessingach

thereof can reduce the processing time. Also, in either of a case of
reghandlimgdotk sighalsias 14575 Bingla plane wavescEridcaeaseef 1n tne

handling as an actual image, a format can be defined wherein the _

- 110 " i . T T . ig]

“@Sfhofogram hage'ts dividéd ity mbiftiple régions st thé fonmiat e §8For
in gl independent ages. andeach tegion, (nalpage) s subiected, to

the series’df processing inf parallel, so as to reduce the processing time.
reg§§§9n%BMﬁMM%m9me signal processing device can be arrayed
and calculation performed in parallel. Such a hardware
configuration would realize marked reduction in processin
time.

Note that the technigue for region division 1s alsc
applicable to a case of performing IFFT and reproducing
clock signals as the actual image, as described above. That
is, 1n that case two-dimensional IFEFT is performed for each
region, peak ssarch is performed for each region, ITFFT 1s
performed the peak component for each region, and the clock
signals are obtained for each region. Up to the subsequent
zerc cross line extraction is performed by regions, but
extracticn of grid lines is performed for the entire image
using the zero cross lines extracted for each region. In
this case as well, the processing can be made the same for
each region up to extraction of the zero cross lines, S0 &
hardware configuration for parallel processing thereoi can

reduce the processing time.

Also, in either of a case of handling clock signals as
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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 frequency analysis results. With the second
embodiment, FFT is performed on timing 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 second modification will be

, descrit%%with reference to Figs. 52A and 52B. Fig. 52A is a low- :

51 RpEd | it imale  Shtaitied By pétformiing EET or'the 16Whahd Tomfoneht=9=

o £0biained fram the frequency analysis resplts. Note. thaf in Elg, 524, a0y : geq

example is shown wherein the frequency componeénts of 3 or lower have
intbeen extracted:feam cthe twodimensionat EFET results; @ndoar 64 =64 size
image has been formed by IFFT. The image size is small, so the amount
indebealcatation dtich hastb be performiedheleist scameascormparsdtoected
the entirety. - 176 Also, in the second modification, a ring-shaped -
Lo teMiplafe isPreparddieiorehaid ad skGW in' Eig: 538, This fingShaped t7¢
or O@gggj%ecc%rlg_g understood as _having b_een greated after the ggnerally
circular shape in accordance with the signal light area A2. That is to say,

secthessignal: kightdradiation area on the image sensor 11 is identified based
on the results of having performed correlation
The second modification is for generally positioning an
irradiation area of signal light on the image sensor (l.e.,
valid reproduction area), using lowkband ccmponents of the
frequency analvsis results. With the second embodiment, FET
is performed on tTiming pulse signals to obtaln frequency
analysis results, and in this process, lowband components
are also obtained. This is applied to cobtaining a low-
resolution image, and perform rough positicn based thereupon.
The second modification will be described with
reference tc Figs. 5ZA and 5ZB. Fig. bHZA is a low-
resclution image obtained by performing IFEFT of the lowband
component obtalined from the freguency analysis results.
Note that in Fig. 524, an example 1s shown wherein the
frequency components of 3 or lower have been extracted from
Lhe two-dimensional FFT results, and a 64 x 64 size ilmage
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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calculation between this ring-shaped template and the image generated
as shown in Fig. 52A. 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 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, so as to not be affected by irregularities

in YrayscaleVatlE correEpontding ththé intefial fecorling ddt S8uch
T emr%uagg]ep%ssltlonIg‘%gpe%sglepr_go; %g%geéfgr@%gﬁpqwngﬁﬁ’pog@ of tE'fi 3
requency aﬁaﬁy IS results, so there Is almost no increase in the amount
rin@tcaleylation o Aso; adowaresplutigndmageaf@ size REoLNE64 %64 is
sufficient such as shown above for example, and increase in the amount
creefealcalatier candesuppressed inithiswayashd?? well &To realizethe
positioning processing as this second modification, first, one of the FFT

withrdcegsingdiits 42- {éithet 42X dt42y) pefforms pegk ToHmponent S 1enat

g%arfgié‘ga%”ada i%"z%b%r%:de compopent %’g%céiog%EQ%%QE?mJ[tEedﬂE%WJD& ed
rawings, a positioning unit can be added which obtains a Tow-resolution

basiRage,such.as-shown in Fig. 1924 By pgderinfed correlation

lig

calculation between this ring-shaped template and the image
generated as shown in Fig. 5DZA.

As for the ring-shaped template, the values 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 "0V {(the gray portions in the
drawing). The shape of the signal light area AZ is
generally circular, and this aims to perferm pesitioning
only at the edge portions of the grayscale image, 30 as To
not be affected by irregularities in grayscale value
corresponding to the internel recording data.

Such rough positioning processing can be performed
applying apportion of the frequency analysis results, so
there is almost no increase in the amount of calculatlion.
also, a low-resclution image c¢f a size around 64 x 64 1s
sufficient such as shown above for example, and increase in

the amount of calculation can be suppressed in this way as



IFFT of the low-resolution component extracted at the FFT processing
unit 42, performs correlation calculation with the ring-shaped template
prepared beforehand, and obtains a position which yields the maximum
value thereto as the position information of the signal light area (valid
reproduction area). Once a valid area has been identified, this information
can be used to perform reproduction processing of the entirety in a more
robust manner. The following is an example thereof. First, an
arrangement can be conceived for using at the time of detecting page
ncs. That is to say, the search range of the page sync positioning unit
338615 e page Sync,search 1306, based: 0a the, posiion information, g
identified at the positioning unit. Once the general position of the valid
modrepreduction, area:has, begnfound:the searchrange farpagensync 42
~detection can be restricted to a narrower range based on the position
(eifnformation. Accbidihglys aneoresrabbstataifenentcarehe fedlizedand
while - 178 reducing the amount of calculation. Alternatively, an
LovER ARy ETBACOAT be Tohcéived Tor usiﬁ@%ﬁﬁe fhe-orzero cr8ss péint
araSRglion, Accarding, o the ahgve description,;axtractionis started fram.a
zero~ cross point near the center which is reliable. However, if the position
1 owofthe valid reprogustien areaisddentifiec beforehand, she generat centaring
position can be obtained
IFFT of the low-resolution component extracted at the FET

wel

processing unit 42, performs correlation calculation with
the ring-shaped template prepared beforehand, and obtains a
position which yields the maximum value thereto as the
position information of the signal light area (valid
reproduction area). Once a valid area has been identifled,
this information can be used to perform reproducticn
processing of the entirety in & more robust manner. The
following is an example thereof.

First, an arrangement can be concelved for using at the
time of detecting page syncs. That is to say, the search
range of the page sync positioning unit 33 sets the page
sync search range, based on the pesition information
identified at the positioning unit. Once the general
position of the valid reproduction area has been found, the

to a

{1,

search range for page sync detection can be restricte
narrower range based on the position information.

Accordingly, a more robust arrangement can be realized while



based on the positional information thereof, so zero cross point extraction
can be started from around that position. Specifically, each of the X zero
cross line extraction 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
erformlnlgﬁa search for the peak portlon from the analysis results of the

rediio-BneRSioARITBET, tHe XeBlotk Sinaf Bomponent processing unit 43x
ang the J; dag signat.sompanai racessing Ui A3y eeen perlor peak

searc ing mdépen éntly, but an arrangement may be made wherein, at

usithe time of searghingfor Xzdirection-and:Y: direetion-peaksothe According
X-direction and Y-direction peak search may be performed

to tomprshensivehebased onthe respestiie 0179 scompongrts from a zero
orthogonal relation. Fig. 53 is a diagram for describing the third .

crompification pefformity ﬁdﬁ%nﬁﬁéh‘éﬁs&/é p%%kls%%faq Nofe'that i -+

thethésog'fl ram, the relation bety ér%gﬁlgoglgg%nag gomponent search

range andpt%e Y- croc?( S|gnaiL| component search range is illustrated based
beferthefrequensy axisdxandfrequencyaxison can be obtained
based on the positional informaticn thereof, s$0 zZerc Cross
point extraction can be started from around that position.
Specifically, each of the X zero cross line extraction
processing unit 46éx and Y zero cross line extraction
processing unit 46v 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 FEFT,
the ¥-clock signal component processing unit 43x and the Y-
clock signal component processing unit 43y each pariorm peak
searching independently, but an arrangement may be made
wherein, al thne 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



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 although these is some
effect of minute fluctuation of the image, the normal vector of the
wavefront of the plane waves thereof are in an approximately orthogonal
relation. Accordingly, we can apply a binding condition which says that
"the X-direction clock and Y-direction clock have the same frequency and
the wave directions are orthogonal”, and perform comprehensive power

COMPSRGHInG evaluatioh 18F84ch %%tlﬁlr}&ﬁts within the X-direction search
range,and points within the, Y-dirgetign search range which safisfy the
binding condition, so as to obtain the points which yield the greatest

modevalvationyalye asdhe peakdn dhe X-diractinansearchrange and thepeak
in the Y-direction search range. Specifically, the sum, product, and so

Notforthtefthe npdwersspectimiare caleulated as evalation valuesdoreachpck
- 180 set of points within the X-direction search ranﬂe and points _within

1ofly HiVBRAGT Searthiafige WHIGH safisty the binding conditisiand the
inatign with the test value is,qbtained.as t sdiregtio
bt e Rt L e GRS R S
ax itechniqueJisreffegtive i caseswhere there is almost not distortion
Now with the present embodiment, the SIM 4 is 512 x 512

pixels toc begin with, so the relation of the ¥-direction

clock and Y-direction clock is approximately the same, i.e.,

b

f2 = £y = 512, and although these is some effect of minute
fluctuation of the image, the normal vector of the wavefront
of the plane waves thereof are in an approximately
orthogonal relaticn.

Accordingly, we can apply a binding condition which
says that "the ¥-direction clock and Y-direction clock have
the same fregquency and the wave directions are orthogonal',
and perform comprehensive power spectrum evaluation for sach
set of points within the X-direction search range and points
within the Y-direction search range which satisfy the
binding conditicon, so as to obtain the points which viela
the greatest evaluation value as the peak in the X-direction
gearch range and the peak in the Y-direction search range.

Specifically, the sum, product, and so forth of The

power specirum are calculated as evaluation values for each



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 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 obtaining the final peaks within the
X-direction search range and Y- direction search range. With such a
technique, a search is first performed with an orthogonal relation as a

S cGindifir, So°detettion caft be” pérfaried Rithaitteing EoRfised by ©°1 72
+1 - fuTounding great false, components which might be the-abave-described

tentative peaks. Thereupon, a detailed séarch is performed based on the
bintentative-peak-pesition,theraby fudher: nreving#he rpeak-defeetion: s«

precision. Now, a configuration for the above peak detection can be
valpesalized dsfolloves! Firsttare orded foreddtéctingpower2d 81-Epactiims is

determined beforehand, with regard to combinations of points within the
Pea%-direction search range and Y-direction search range satisfying the

aboye binding, condition, The,Xsclock signal component processing (it -

43x and Y-clock signal component processing unit 43y each detect the
is pewerspesirum withinthesespectiessearch rangesdn the-determinedion

order. Then, one of the clock signal
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
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 obieining
the final peaks within the X-direction search range and Y-
direction search range.

With such & technigue, a search is first performed with
an corthogenal relation as a conditicon, so detection can be
performed without being confused by surrounding great Ifalse
components which might be the above-described tentatlive
peaks. Thereupon, a detailled search is performed based on
the tentative peak positicn, thereby further improving the
peak detection precision.

Now, a configuration for the above peak detection can

be realized as follows. First, an order for detecting powsr



component processing units 43, or a newly and separately provided peak
determining unit calculates evaluation values based on the power
spectrum for each of the points obtained as described above, and the
combination with the greatest evaluation value at the end is obtained as
the X-direction peak and Y-direction peak. Fourth Modification A fourth
modification adds improvisations to the differentiation processing. With
‘the description so far, the differentiation processing is performed by
branching the up-scaled image_into X-direction differentiatggnt%nd Y-

SPEgirecticn diffefSntafion 16 Obtai hagés'as independsit timing pulse
comﬁ@ﬂ%ﬁ byttheX-direction differentiation and ¥-directin differengation, ;o

can be performed at the same time on a common image following
andup-sgakng; Fig54 Hustratesthednteral eonfigiration of ther data nding

reproducing unit 13 for realizing the fourth embodiment. Note that in Fig.
corB4 tonly the Bogalizing-filter 22,3718D fesupaplifigtuit30 erjesyrign 1t 43%

positioning unit 33, and symbol extracting unit 34 have b%n shown, but

215thig"6thef lconfigitrationis Withir? the d4ta Teprotitiging it £374ré the same™ "
cne2% 0N gase pLEIG, 24 descred carlier. £log. Rargns nEged iy

ave already been described with ‘reference to Fig. 43 are denoted

+heWHB the-gamedeferenee numera)s and descriptiondhersof wil-he omitted.
component processing units 43, or a newly and separately
provided peak determining unit calculates evaluation values
based on the power spectrum for each of the peints cbtained
as described above, and the combinaticn with the greatest
evaluation value at the end is obtained as the X-direction
peak and Y-directicn pesak.
Fourth Modification

A fourth modification adds improvisations toc the
differentiation 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 ¥-direction differentiation
and Y-direction differentiaticn can be performed at the same
vime on a common image following up-scaling.

Fig. 34 illustrates the internal configuration oI the
data reproducing unit 13 for realizing the fourth embodiment.

Note that in Fig. 54, orly the equalizing filter 2Z,
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In this case, the X-directional differentiation processing unit 40x,
Y-directional differentiation processing unit 40y, X absolute value
processing unit 41x, Y absolute value processing unit 41y, X-FFT
processing unit 42x, 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 equalizing filter 22.
The Sobel operator processing is processing e%uivalent %)( sjgnultangously
TS 5ER kg the X-difectioh? Giffeflhtidtion procesdidy BRd Y-ditection
symiifferentiafion. procegsing degcribed above. Alsg, the Sohel operator, .
processing also includes processing equivalent to the absolute value
conprogessingoNeteythen Sobeheperaters:ase rdiseussed infiGazo3 are the
Ninshiki-ron" by Makoto Nagao, Published by CORONA PUBLISHING
samECr £ DL tfirst pentig Eebruary 45, 2083¢ s £83 'NeweFig 55shows &’ -
image as the results of Sobel operator processin . From this djagram, we
POLEaRée Hhatr image €anbe GBtahed o o ‘F%Be%ﬁrcﬁr]o%%gsi‘ﬁém
re £ WDEIE. X-direqtion eqges.and Yadirection pdges have been merged. , s
can Be understood by comparing Fig. 55 with the images of X-direction
nunrdming-pulse signals-and Yodirectiondiniing: pulse signals skewn in Figs.
28 and 29 earlier. The FFT
n this case, the ¥-directional differentiation
processing unit 40x, Y-directional differentiation
processing unit 40y, X absolute value processing unit 41x, ¥
absolute value processing unit 41y, X-FFT processing unit

42%, and Y-FFT processing unit 42v are omitted, and instead

a Sobel operator processing unit 50 and FFT processing unit

4

51 are provided.

The Sobel operator processing unit 50 performs Sobel
operator processing on the image signals from the equalizing
filter 22. The Scbel operator processing i1s processing
equivalent to simultaneously performing the X-~direction
differentiation processing and Y-direction differentiation
processing described above. Alsoc, the Sobel operator
processing also includes processing egulivalent to the
abzolute value processing. Note that Scbel cperators ars
discussed in "Gazo Ninshiki-ron" by Makotc Nagao, Published
by CORCNA PUBRLISHING COC.,LTD., first printing February 15,

1983.



processing unit 51 shown in Fig. 54 performs two-dimensional FFT
processing on the processing results by the Sobel operator processing
unit 50 which are equivalent to such a shared image being subjected to
simultaneous X-direction differentiation and Y-direction differentiation
(and absolute value processing). Fig. 56 illustrates the results of analysis
where two- dimensional =FT 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 Sobel operator processing results, %;:'ak&

cléSy existat positihe” fretiictetdi o the ddign tHerebf, ndar te =~
opesXis apd near the -axis,on the.same Foytigrplane. Accordingly, e o,

can understand that'the X-direction clock signal components and
ima¥=diregtiopclogk signal.compenents san deexiractedbwitheuts probleme re
from the analysis results wherein two-dimensional FFT has been
X -dpedortmed ondhe Sobetloperaiorasrotessing Jesults: < 84e i Fige 542 the
X-clock signal component processing unit 43x . and Y-clock sig

|,
Thigomponaht protedsing it 23y paHerm haak searchestwitin nE%‘Sh of' e ™
of g%%rft_gé@g%ﬂeéﬁbﬁg%é- Xis andsearch range near the Ysaxis thathave,

een determined beforehand, from the analysis results wherein
pultwo-dinensienaikii:has been perfosmed onithe Sobel eperatane Fr

processing results obtained at the FFT processing unit 51.
processing unit 51 shown in Fig. 54 performs two-dimensional
FFT processing on the processing results by the Scbkel
operator processing unit 50 which are eguivaient to such a
shared image being subijected to simultaneous X-direction
differentiation and Y-direction differentiation (and
absolute wvalue processing).

Fig. 56 illustrates the results of analysis where two-
dimensional FPFT has been performed on the Sobel operator
processing results shown in Fig. 55. It can be seen that by
performing twoe-dimensional FFT on the Scobel operator
processing results, peaks clearly exist at positions
predicted from the design thereof, near the X-axis and near
the Y-axis on the same Fourler 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 wherein two-dimensional
FrT has been performed on the Scbel operator processing

resulls,
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Subsequent processing is the same as that described above, and
accordingly description thereof will be omitted. According to the fourth
modification, the two- dimensional FFT processing for clock extraction can
be reduced from twice to one time, which is advantageous in that the
calculation amount can be markedly reduced. Also, while the technique
according to the fourth modification increases the factor of mutual signal
interference in the X direction and Y direction, in should be noted that
timing _pulse giéqnaI% are}tla‘slicallg/ in an orthogonal osi;tional relatian,l SO
there shotild ’notplr%bf\erﬁ’ overall® Fifth Mo %gﬁoneﬁesgﬁﬁfo%sﬁé”s g
uniPeen madessq farthattiming pulse. signalgenerationJavolves beth: 43,
differentiation processing and non-linear processing (absolute value
perprocessing), butatimingspulse signads:can be generated byperforming:ear
only non-linear processing, without performing the differentiation
theprgoessings Perfefming the différentigtiort D £85 proééssifg ean prémpeer

.. extraction of clock signals which are more accurate, by enhancing the
=& 356 BECoMpANYIRG ThE tlock TormBEngAT DTS r6ad et oF ="

ntent &F = -+

£woSXIAGHNg he clogk-signal.comppnentsdn the frequency.region.is inorder: o, »
to expand the spectrum over a wide range in according to the image by

proway of nninear processingy sa clock:signatrextractiongenetallynit 5.

equivalent to that of the above-

Subseguent processing is the same as that described above,
and accordingly description therecf will be omitted.

According to the fourth medification, the two-
dimensional FFT processing for clock extractlion can be
reduced from twice to one tTime, which is advantageous in
zhat 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, 1t should be noted that timing
pulse signals are basically in an orthogonal positional
relation, so¢ there should be no problem overall.
Fifth Modificatlon

Description has been made so far that timing pulse
signal generation involves both differentiation processing
and non-linear processing (absclute 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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described specific example can be performed by generating timing pulse
signals by way of non-linear processing alone. Fig. 57 illustrates an image
wherein an up-scaled image has been subjected as it is to absolute value
processing. Also, Fig. 58 illustrates the analysis results of two-
dimensional FFT for an image following absolute value processing. As
can be sent by comparing Figs. 58 and 56, power spectrum peaks are
obtained centered on reference points near the X-axis and near the
Y-axis in the same way_as V\Lhen performing t[‘ie (;I_igere,ntiatign ,
PrChrocestifgeleR 1“8 doldite Valie processing alone f‘sslr(rjenr?o“"rrsnevgfﬁgf 59°©
morgesgtibes operations.ina case, of generating timingpulse signalshy c1ccx
absolute value processing aloné according to the fifth modification such
comasdeseribed.abeve; by ilkistrating:theowayeforns of the sensor butput
image, X- direction timing pulse signals, X-direction clock signals before
s 1gXadireetivh differeatiation; amdOcelireeticn cloek isignals after Xrdifection

differentiation. Note that as - 186_with the case in Fig. 34, Fig. 59 .
SHPEIgSs TUts tHeWavSfdntiE <5t the Stgtials %g?w&%ir%éﬁ?iﬁﬁaﬁ?na‘g%s}%g

imaS 19.be Jllustrated as ang;dimensional signals, with the horizonal axis
representing the X axis, and the vertical axis representing the grayscale
extvalue..\Whilgdrig 59 onlye Hlustratesrthe XditectionothecY diregtien: can be

considered in the same way.
described specific example can be performed by generating
timing pulse signals by way of non-linear processing alone.

Fig. &7 illustrates an image wherein an up-scaled image
has been subjected as 1t is to absolute value processing.
Also, Fig. 58 illustrates the analysis results of two-
dimensicnal FFT for an image following absoluts value
processing. As can be sent by comparing Figs. 58 and 5g¢,
power spectrum peaks are obtained centered on reference
points near the X-axis and near the Y-axis in the same way
as when performing the differentiation processing, even 1Z
absclute value processing alone 1s performed.

Fig. 59 describes operaticns in & case of generating
timing pulse signals by abscolute value processing alone
according to the fifth modification such as described above,
by i1llustrating the waveforms of the sensor cutput image, X-
direction timing pulse signals, ¥X-direction clock signals
before ¥-direction differentiation, and X~direction clock

signals after X-~direction differentiaticn. Note that as



First, for absolute value processing, a reference level. (zero level) is
predetermined for absolute value processing 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
wcfyaveformof.clack signals pbtained by performing two-dimensional BT,
on fiming pufjse signa € obtaihed by this absollite value processing and

of Pedorming peak searching, glogk,signal compapentexteaction, and I=FT,
are illustrated by the X-direction clock signals before X-direction

illdifferentiationdn thedrawingsReferéncing thel waveform here, lunlike thecal
_case in Fig. 34 described earlier, the optimal sample position is a positive

azlgedlepasificn.t Negordifigly, thé phaséHasto be'delayedto adjust the -

187 optimal sample position:to the positive zero, cross position d
28 iohontly 1) hs SA0S tHE Shec & ahitei ot by difersrialiombut by

1111ptegration. Specifically, the: imaginapy.numper.theclock signal,
component extracted in the frequency region is multiplied by the

conimaginary numhers-je suchwhat.the optimal sample position is at the
positive zero cross position.

First, for absclute value processing, a reference level
(zerco level) is predetermined for absolute value processing
regarding the senscor 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. 1In this case, the reference level may be &
local average value, or may be a center value between a
local minimum and maximum.

The waveform of clock signals obtained by performing
two—dimensional FFT on tfiming pulse signals obtained by this
absolute valus processing and performing peak searching,
clock signal component extraction, and IFPT, are 1llustrated
by the X-direction clock signals before X-direction
differentiation in the drawing. Referencing the waveform
here, unlike the case in Fig. 34 described earlier, the
optimal sample position is a pesitive peak position.

Accordingly, the phase has to be delayed to adjust the

- 187 -



in order to realize the operations of such a fifth modificatien, 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 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
processing by the X-phase shift processing unit 44x and Y-phase shift
rocessing unit 44y differs. ;I:_hat‘ is to say,.at the X-phase shift Ceior
Optg?bacjesgi% Sunit 443 i this case, te X=dock sj“@fﬁalZ cgrcﬁp%'ﬁgﬁfs obtairied
anduPsyeam.is mujtiplied by the X-direction. angular frequency ciaii; indheX,
direction 'such that the positive zero cross position of the waveform
di r follewing: HFFToris atithe-gptimalsaraple positioppAtsof atthe! Y-phiaise
shift processing unit 44x in this case, the Y-clock signal component
imaghtaiied gpstesam i multiphied byitie Y -direetio amguft freyteey jiythe
in the Y direction such that the - 188 positive zero crass position gf the .
£ eaGeformoliowing SFET 55t thé Bptimal-S5mpféisbsition’ Sixti~ ™ ~1¢
suciogification The sixth modification ?89';{/{?% handling the-up-scaled: image
as timing pulses‘as it is, without performing any explicit non-linear signal
ze rprogessingprocessing such as performing differentiation and taking

absolute values) for
In order to realize tThe operations of such a f£ifth

h

b

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 equalizatidn
processing (u-scaled image signals) from the egualizing
filter 22. The gubseguent configuraticn may be the same as
that shown in Fig. 54, but the processing 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 obtained upstream is multiplied by the X-direction
angular freguency -Jjo, in the ¥ direction such that the
positive zero cross position of the waveform following IFFT
1s 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 freguency ~jo, in the Y direction such that the
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timing pulse signal generation. With the description so far, regarding
X-direction and Y-direction timing pulse signals, the X-direction and
Y-direction edges are enhanced by performing absolute value processing
(non-linear processing) of the up-scaled images. However, clock signal
component extraction 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

oo Slectically non inear iputiauiput properies, suehas e, ¥ propeties of -
wo-diménsional photoreceptor devices for example, so clock signa

is Semponents.can:he extractedhys perfgrming frequency analysis of the
read signals as they are, as well. Note that the term "non-linearity" as
sixusedichere is diffesent from non-linearity in the sense that phase
information recorded in a hologram recording medium HM is not able to
belfeproduced. Brist 60FHd 61 LS ate Aralysis fesulte gihe18g—scaled
; erforming an up-scaled image to two-dimepsional EET as it is. Fig. 60
+nd I%sﬁﬁte‘sgghlg‘ﬁg?gueids \%%waogf nle%rﬁy? a FJeTgr%éon%'é point hear the Xganxﬁ/s

expﬂj_ec’ir%eqr{&ﬁe}&[ﬁ@gg %Q%ﬁlﬁomk and F@%-x@%g|§§qﬁ§ssafbh as

enlarged view of nearby a reference point near the Y axis (near the Y-
perclock signati campoaent)alt can berseersfromdheses diawings athatinithéor

case of performing two-dimensional FFT on an up- ,
timing pulse signal generation. With the description sc far,
regarding ¥-direction and Y-direction timing pulse signals,
the ¥X-direction and Y-direction edges are enhanced by
performing absclute value processing (non-linear processing)
of the up-scaled images. However, clock signal component
extraction 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
vy properties of two-dimensional photoreceptor 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 is

not able to be reproduced.

Figs. 60 and 61 illustrate analysis results of
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scaled image as it is, various types of frequency components are include
reflecting the reproduced image, and there are many peaks present.
However, upon closer observation, we can see that the clock signal
components of each are present in the positions where they belong,
however weak. From these results, we can see that in a case where the
peak search range can be restricted to an extremely narrow range, the
clock signals components can be extracted. For example, in a case

@evwmga@gthgﬁyatsnwg%@% eC%@pe %ﬁ:@m@get%%ryﬁﬁl%@@@ﬂ@ amepnt of - .

fluctuation is very small search range can be narrowed down.
is. Acegedingly, the techniguesaceordingde dheisixth-embeodimentcanzpe

suitably applied in a case where such conditions are satisfied. To realize
reftresith modificatien assuehian *artangement may betmade whersin the

configuration in Flg 54 has the Sabel gperator processing unit 50

s19pMmined SiichtRat théimage folloWing equidlization procesSing atthe -7 e
of %ggrg Uaa'zw&fé&eé&?e . gmafm%aeqaeremﬂ%a'ema@l@ %Reaqa'ei image)

is subjected without change to two-dimensional. FFT. Seventh
cloModification As-egibhesnderstoed from the deseriptiensodas & thedimegs

of extracting clock signal components, two- dimensional FFT is performed,
thaandthistwodimensibnatEET rming two-dimensicnal FFT on an up-~
scaled image as 1t is, various types of fregquency components
are include reflecting the reproduced image, and there are
many peaks present. However, upocn closer observation, we
can sse that the clock signal components of each are present
in the positions where they belong, however weak.

From these results, we can see that in a case where the
peak search range can be restricted o an exXtremely narrow
range, the clock signals components can be extracted. For
example, in a case whereiln the system design can be made
very strict, and the amount of fluctuation is very small,
the peak search range can be narrowed down. Accordingly,
the technigue according to the sixth embodiment can be
suitably applied in & case where such conditions are
satisfied,

To realize the sixth modification as such, an
arrangemant mey be made wherein the configuration in Fig. 54
has the Scbel operator processing unit 50 omitted, such that

the image following equalization processing at the



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- dimensional FFT technique using matrix
decomposition. First, one-dimensional FFT is performed for each row in
the X- direction, and next, one-dimensional FFT is performed for each
column in the Y-direction. The order of the calculation amount of
one-dimensional FFT is Nlog(N). With normal matrix factorization, one-

equgensional FELis performed N times for fows and N, dmes for columps.

E meaning that a {6tal of 2N'times of oné- dimensional FFT is performeé?so

scaﬂgaogﬁﬁgg”“i§ag&$$FEM@@OH@EQBM@*@HE%@E”@%FEWdS§b§%nsional
Log(N). However, the object here is extracting clock components, and we

FFTcan consider it to be sufficient to obtain analysis results at the search
range of clocks signal components. Accordingly, one-dimensional FFT is

Sevpsieried withia refevant range for only one of X-direction and
Y-gicgection, -191 gs shgwn&n Ei S. GJSHA al‘lei 63B., FigigglASilluségaLes the
search fange of the X-El6cKk “signal component and the Séarch rangé of -

+ nethe Yzclock signal, component, apd-the analysisfesylis, used fqrextraction
of clock signal components is only these portions. Accordingly, an

dimarrangementismade psshown:in, Fig n63B wherein o following perfaimirigl
one-dimensional FFT for each row in the

can be realized by repeating one-dimensional FFT in the row

and column directicons. This technigue is also called matrix
decomposition. Fig. ©2 schematically illustrates a two-
dimensional FFT technigue using matrix decomposition. First,
one-dimensional FFT is performed for each row in the -
direction, and next, one-dimensional FFT is performed for
each column in the Y-directlon.

The order of the calculation amount of one-dimensicnal
FET 1s Nelog(N). With normal matrix factorization, one-
dimensional FFT is performed N times for rows and N times
for columns, meaning that a total of 2N {imes of one-
dimensional FFT is performed, so the order of the
calculation amount of two-dimensional FET is 2N°Log(N) .

However, the oblect here is extracting clock components,
and we can consider it to be sufficient to obtain analysils
results at the search range of clocks signal components.
Accordingly, one-dimensional FFT is performed within a

reievant range for only one of X-direction and ¥Y~direction,



X direction for example, one-dimensional F___is performed only for the
columns in the Y direction including each search range. For example, if
we say that each search range is 5% of 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 FFT for each column is reduced to
10%. However, the one-dimensional FFT has to be performed for all
rows, so the overall calculation amount is 50% + 50% x 10% = 53%. In
rms of.order, the a %ntzgéc%lgglation can be reduced to around half.

t
22 AIS0! the Same“Sort 6 feduction 3hould be able to be performed

regarding;ane-dimensional =T for eachrow, fromy dhe perspecive. ofcy
reduction in calculation amount, but this has already been markedly
s 1 greducedrpstherkF E atgorithm sse furthemmatkedtreduetion in caleulationa L
amount is difficult. However, an arrangement may be made wherein only
COTEHE PoFtiorts reldting tothe iitefidéd elbtksighat omponsiisSro2 e ©1
calculated near the final gtagg wit&iﬁq thetEFT processing unit, whereb

3 13 NS e) § T =T i 1 ,
L O o StaHid re TGO IR " CAlchiStion aMount &an BS realiZéd: Aldo- tis ééﬁg Y

an D¢ .apRlied.to.thisrowsthe.same cap be,fupther applied to.the: golumns,

reducing the amount of calculation accordingly even further. Also,
foldescriptiondascheemmadeaboieassuming thet™ for each row in the

X direction for example, one-dimensional IET i1s performed
only for the columns in the Y direction including each

search range.

i

For example, 1f we say that each search range is 5% o

F

the reproduced image width, the search ranges are the two of

¥ and Y, which is 10% of the entirety, meaning that the one-

dimensional FFT for each column is reduced to 10%. However,
the one-dimensional FFT has to be performed for all rows, so

. 1n

la

0% + 50

=]
o
s

it

x 10 5

ot

the overall calculation amount 1s

o

terms of order, the amount of calculation can be reduced to
around half.
Also, the same sort of reduction should bhe able to be

performed regarding one-dimensicnal FFT for each row, Ifrom

3

the perspective of reduction in calculation amount, but this
has already been markedly reduced by the FFT algorithm, s0
further marked reduction in calculation amount is difficult.
However, an arrangement may pe made wherein only the

portions relating to the intended clock signal components
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one-dimensional FFT is performed on rows first and then one-
dimensional FFT is performed on columns, but the amount of calculation
can be reduced based on the same idea even if the order is inverted.
Also, the technique according to the seventh modification may be applied
to cases of employing another Fourier transform technique other than
FFT, such as DFT, for example. It should be noted that in the present
Specification, the term "two-dimensional Fourier transform” collectively
are MEMGeES e tochnigue oL.E oRRL ansionD gacqrdinadpdng peventh
modification and normally-performed two-dimensional FFT using matrix

prodecempgsition: Alspy, # rshould bestoted that "Feuriestransform” as used
here is not restricted to the exemplarily illustrated FFT, but rather

calincludesstwadinvertsioral vieetor #adik FRT., antlfartheit beyord FET=
includes methods for calculating DFT according to definition, methods for

2P §6B6mpBsing lifito fréGuencyS comBBsitibR with a filter 5aniE&dhfigtiration, t
and all other - 193 technigues performing.fregqueney analysis,. Qther o
col\fttications Notd th’gltewi%%%legges%c?ipﬁ%n sg#arf the procesging (gf Y e
furdRzsealing and differentiation has been described in separate steps, but
this is only consideration to facilitate description of algorithms, and is not

restricted tothisr ikdriexanmple aggart ofnthecdesetibed algorithmcan e
one-dimensional FFT is performed on rows first and then one-
dimensional FFT is performed on columns, but the amount of
calculation can be reduced based on the same idea even 1f
the order is inverted.

Also, the technique according to the seventh
modification may be applied to cases of employing another
Fourier transform technigue other than FFT, such as DFT, for
example. It should be noted that in the present
Specificaticon, the term "two-dimensicnal Fourier transform”
collectively includes the technigue of Fouriler transform
according to the seventh modification and normally-perfcormed

two=dimensicnal FFT using matrix decomposition. Also, 1t

¥

[ms

should be noted that "Fourier transform”" as used here is not
restricted te the exemplarily illustrated FFT, but rather
inciudes two-dimensional vector radix FFT, and further
beyond FFT includes methods for calculating DFT according to

definition, methods for decompeosing into freguency

composition with a fiiter bank configuration, and all other
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performed with further reduced calculation amount in the frequency
region. Techniques enabling reduced calculation amount should be
appropriately selected for the actual system regarding this point.
Specifically, the differentiation processing can be performed in the
frequency region. The differentiation processing is a linear filter, and is
represented by a convolution operator. Convolution operators are
equivalent to obtaining a product for every frequency component in the
tecﬂgquencs}/dga%%gd and thegmou_nt of caIcHIaltlion is not great, as widely

rec%célﬁ%e the %ﬁferéﬁrﬁgt?éncHroace%s%alésan be convoluted to

o+ nReginwiths alse reducing the amount of calculation. Moreover, it is widely
recognized that up- scaling processing can be performed in the frequency
region by expanding the: sizeand:filling with zerdes: Cambkiningthes sing
above, performing calculations beforehand which can be performed

of  peforeHand: @amiserfornifg Compltation TPthe Rstuehey FegibR Sfukther
reduces the - 194 amount of calculation. Noteihogyeygréthact in gneﬂcase .

SePfiat the humiber (%Utgips? ot the'fiiter is Smafl thers afe-cases” that = o- - -8Te

ae=<CONVOWNON inthe pactyal image regign faay, resultdn a, smaller amount of

calculation, so the more suitable should be selected. Also, with the
Fordescription so farat the time=ofd extradtingithe lclacki signalc.compenent at

the frequency
performed with further reduced calculation amocunt in the
frequency regicn. Technigues enabling reduced calculation
amount should be appropriately selected for the actual
system regarding this point.

Specifically, the differentiation processing can be
performed in the freguency region. The differentiation
processing is a lingar fillter, and is represented by a
convelution operator. Convolution operators are egulvalent
to obtaining a2 preduct for every freguency componsnt in the
frequency region, and the amount of calculation is not great,
as widely recognized. Also, the differentiation processing
can be convoluted to begin with, also reducing the amount of
calculation. Moreover, it 1s widely recognized that up-
scaling processing can be performed in the freguency region
by expanding the size and f£illing with zeroes.

Combining the above, periforming calculations beforehand
which can be performed befcrehand, and performing

computation in the freguency region, further reduces the
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region, a predetermined range near the X axis is searched for X clock
signals and a predetermined range near the Y axis is searched for Y
clock signals so as to extract the clock signals, but this is just to say that
this arrangement should be performed in the case that the X axis and Y
axis of the SLM 4 and the image sensor 11 agree. if the relation in
respective coordinate systems can be found beforehand regarding
rotation angle and enlargement ratio and so forth, based on system

amogﬁﬁiggd@;r etating state, a guitable first predetermined rangeand, oo +hat

second predetermined range can be ‘determined for extracting the clock
the Signabeempeneatss ageordingly; sowas-toiperfarm peak: searehingeon-these
ranges to extract the clock signals. Also, with the description so far, both
thathecpositie: tanghnegativecedyes of the differe tiation processing resultsn &
have been described as being used for timing pulse signals by performin%
sm2 ahSelufsvallie processing: but itk traction'tanhe pertarmied By Ghe
be gé@e&d&gs as well. - 195 Specifically, processing is performed wherein
no absolute value processing is performed, just one of the positive and
negative edges. is-keptdfeor the differentiation results, and theretheris set

to 0. While clocks can be extracted with this technique as well, the
ext advaritage of asingduoth she pesitiveandmeyative edgesiaswitl e/ case

of performing absolute value o
region, a predetermined range near the X axis 1s searched
for ¥ clock signals and a predetermined range near the Y
axls 1s searched for Y clock signals so as to extract the
clock signals, but this is Just to say that this arrangement
should be performed in the case that the X axis and Y axis
of the SLM 4 and the image sensor 11 agree. If the relation
in respective coordinate systems can be found beforehand
regarding rotation angle and enlargement ratic and so Iforth,
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, so as tc perform peak searching on these ranges
to extract the clock signals.

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.



processing will be lost. That is to say, if absolute value 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 other, but the above technique lacks this
precision. Also, performing absolute value processing is advantageous in
. that the amount of edge.information ls;relativgly QOublgd, is the intensity
5T CIbER sighal EomipoRentsincreases, tharkby ifiproving the” SINan6. -

va1Moreoyer. i should;be pated that. absolutevalue, precessing,as psed here,

includes all procéssing equivalent to performing absolute value
negprocessiggsuych as squaring cand-se:fofths Modificationsef the:sults, and

Embodiments While embodiments of the invention have been described,
thethetfesentinventior: is ot restricted to the examples 196 described so

far. For exam%Ie, with the first embodiment, an example has been

de¥eribed fegarding & ease of detbeting diidual “&ymes foifidwing 2 25
we1detecting the syncatthe page; center, put anarrangement may, bg fpade

wherein such detection of the “page center position is not performed and
edgifdividual syncs rare cletected. Hewevetritrshoulskba netedithat:e

performing

processing will be lost. That is to say, if abscolute value
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 posgitive and
negative edge positions having bkeen cancelled cut, with the
sample positions not leaning toward one or the other, but
the above technique lacks this precision. Alsc, performing
absolute value processing is advantagecus in that the amount
of edge information is relatively doubled, 1s the intensity
of clock signal compenents increases, thereby improving the
S/N ratico. Moreover, 1t should be noted that absclute value
processing as used here includes all processing eguivalent
to performing abksolute value processing, such as squaring
and so forth.
Modificaticns of the Embodiments

While embodiments of the invention have been described,

the resent 1nvention 1s not restiricted to the example

05}



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 described
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 thereof used at the time
of detecting individual syncs using multiple syncs can be optionally set.
de S forE&ver®Whilé An example has been described regarding a case

wherein the . ohject sync,js included in-plurglity.of.syncs useddot e nas

detecting syncs, an arrangement may be made wherein multiple
beesUFRWRGING SYNes:Besides the: objestsynt atewsetingletectithecohjéct

sync. In any case, any arrangement regarding sync detection according
syntosthedirsternbadiftart whicty enables detection6te- 197 the vbject syRE: ™

based on the position of multéple se%ncs selecte bgsed on the position of

&0 e GBIEISME CARY sHFpAS Yetdtoration misyhcPosition -détedtion

pacll NN uelo.a louer ratia, ot synies: Alsg. deseiplianias been mae.
regarding th (ﬁrst embodiment wherein, at the time of identifying
are(caloulating) theipositienqf data pixels. extrapelatien of syncisr forming
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 described regarding a case wherein, at the time of
detecting individual syncs, a cross~shaped pattern of five
syncs centered on the obiect sync and including the
vertically and horizontally adjacent syncg 1s the basic
pattern, but the number of syncs and the pattern theresof
uged at the time of detecting individual syncs using
multiple synce can be optiocnally set. Moreover, while an
example has been described regarding a case wherein the
object sync is included in plurality of syncs used Ifor
detecting syncs, an arrangement may be made wherein multiple
surrounding syncs besides the object sync are used to detect
the cbiject sync.

In any case, any arrangement regarding sync detection

according to the first embodiment which enables detecticon of
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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 a sync at of any one of the four positions
surrounding the object data pixel is missing, the position of the object
data pixel can be calculated based on the syncs which do exist, for
example. Alternatively, a technique can be employed wherein the
position of the data pixel is calculated based on just the sync position

theclaRafs thdobjddt Bafh Fixel PEsifior Als6 Whife Téase has badhc®
seﬁé%gsg'agigvsde%sccﬁ%ﬁghvevhgg%!@&%Hp'géy@ﬁ% a%%%%q fosvrﬁ@éc%gt#ng
SucC a e

a pixel positions, an arrangement may be’'made wherein t
supbesitian gt the data pixelis calculated withione syngas.a veferepeedsion
with the related art. For example, the position of a data pixel can be
duecalculated-basedren fhe ore ssymcawhich is the closest to the object data
pixel position. - 198 Also, it holds true for all of the embodiments that the
forfrist exefiiptarily IusfratetPabGRER Sty 6né BXamipté Sand it is T =S¢t

needless to that various parameters, such as. the minimum cyli;nigat%ng)

e Rara ;
x il redr,. al e dU Tdentlfyin Ca.
embl%%%ewrﬁgﬁt, & radiug i_rad the signal ﬁghlt area A*Zy%hg sync intervals

nel_S08h the sync-siag-and, se-foxth, can beselected asseitabledn is
accordance with actual embodiments.

performed such that all date 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 a sync at of any one of
the four positions surrounding the object data pixel is
missing, the position 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 object data pixel position.

Also, while & case has been exemplarily described
whereln multiple syncs are used for calculating such data
pixel pogitions, an arrangement may be made wherein the
position of the data pixel is calculated with one sync as &
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.



Also, with the embodiments, a case has been exemplarily illustrated
wherein, at the time of obtaining the bit values from the amplitude values
of pixels calculated (obtained) at the end by resembling (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

po&itioR it tHe” t6Ehnique acrditothe préserteibdtiment are™t *he
forus&d-ef*'é%gga;@%-l ven ;@%%5%%%03@8948 g&?’vcéﬁrgi'é/ agrangement may

ar . . £
ge perrorm or acorrelation ection meth rein correlation

andcaleulation is pedarmed, betweern the amplitude yaluesief-each okthen as
pixels of one symbol worth obtained by resembling, and all data patterns

theobtamed.ashavingodcurradras data-patteras. forsorie synbelf the signal
represented in amplitude values), that detecting the data - 199 pattern

1190t ¢ gréatest Cotretalivn vl a&the date Pattert OF thia Symbof =/ 27

so 2530 while description hias been made egayding the, emboadients, .
assumihg that up-scgllng processing is performed regarding the readout

4 c-Hnage, Mp~scaling processing does not have to be performed in particular

in the event that the number of pixels of the image sensor 11 is

suffitientlywith the embodiments, a case has been exemplarily
illustrated wherein, at the time of obtaining the bit values
from the amplitude values of pixels calculated {(cobtained) 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 esach resampling position with the
technigue according to the present embodiment are used.

Also, in the event that sparse coding is used, an

arrangement may be performed for a correlation detection
method wherein corrslation 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 symbol

(represented in ampiitude values), that detecting the data



great as compared to the number of pixels of the SLM 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

illustrating a case of corresponding to a reflective hologram r: '
P2 Lo 10 HvingPA TRV T8 prégert TIEHLOA caf e be

ozt SWitable -applied tQ);I%B@gycing devices corresponding to transmissive

" hologram recording media not having a reflective film. A reproducing
dexicedn aecase=ofrandlingsuch transnissive rholegrasytacording media
does not have to have the polarization beam splitter 8 (and also quarter

enbravaplate 9 sforguiding e reproduced. intagerostaied as reflestedllighted
- 200 corresponding to the irradiated reference light to the image sensor.

Te9fiT thid Gase . thé Téptoduced idge Bbiaiédin’ dcEordance with tHe == #o¢
haviradiated r?ﬁee{%%%@;{“jﬁ@”ﬁgﬁt& through the recoding.medium itself, So
a configuration can be made wherein another object lens is provided on
nuntherotber side okthehalegram recordingsnedium as; viewedifrarathe v
emission point side of the laser beam, so as to guide the
great as compared to the number of pixels of the SLM 4 and
the over-sampling rate 1s sufficiently great, for example.

Also, while description has been made regarding the
embodiments of & 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 illustrating a case of corresponding
to a reflective hologram recording medium HM having a
reflective film, the present invention can alsoc be suitable
applied tce reproducing devices ceorresponding To Transmissive
hologram recording media not having a reflective film. A
reproducing device in a case of handling such transmissive
hologram reccrding media doss not have tc have the

polarization beam splitter 8 (and also quarter wave plate 9)

for guiding the reproduced image obtained as reflected light
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reproduced image which is the transmitted light, to the image sensor 11
side via this object lens. Also, while description has been made regarding
the embodiments exemplarily illustrating a case of employing the coaxial
method in which recording is performed with the reference light and
signal light disposed on the same axis, the present embodiment can be
suitably applied to a case of employing the so-called double-beam
method wherein the signal light and reference light are separately
irradiated  at the time of recording. In the case of em oning tr%e

corysaRIBEEA nisthbd Sthe® féterence Tight and Signal light are cast Sito™ " 4®
senillo-hologram recording medium K, from differeptanales at theutime.of

recording, but at the time of reproducing, readout is performed with
= cceoherentlightcoaxially situatedawithithe: feference lightywhichdsithel « s
same as with the above embodiments. That is to say, in the case of the
thrdogbleieanT emethod; intthélevent of adevicecconfigardtionwhéreib Gt
- 201 recording and reproducing is enabled as with the

] H . { 1 3 " ES - th f
be ROTdiHGFETOUUCHY dévice T aEording fo the dBSdifEhts thid'® 7€
s: c@ranoementdifers fom.ihat, showp 0. inthata sel of 4 fist laser
iode for generafing signal light for recording and a first SLM capable of

emiigtensity/phase mopgulation: and a=set of asseepnddaser diodesiorde the

generating reference and a second SLM capable of intensity/phase
reproduced image which is the transmitted light, to the
image sensor 11 side via this object lens.

Also, while description has been made regarding the
embodiments exemplarily illustrating a case of employing the
coaxial method in which recording is performed with the
reference light and signal light disposed on the same axis,
the present embodiment can be sultably applied to a case of
employing the so-called double-beam method wherein Lhe
signal light and reference light are separately irradiated
at the time of recording.

In the case of employing the double-beam method, the
reference light and signel light are cast ontc the hologram
recording medium HM from different angles at the time of
recording, but at the time of reproducing, readout 1s
performad 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 of the double-beam

method, in the event of a device configuration wherein both
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modulation, are separately provided, and further the optical system is
altered so as to guide the signal light and reference light generated at
each to the hologram recording 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. Also, as can be
understood from the above description, in the case of a device
configuration dedicated tq reproducin ;configuratjon thtehseame as the

: . th. .
reCegfigtiation of e eprédting Syt fowrfin Fig =T i< Sfficient. Also,
reciDS desclpiion ias heen made regarding the smbodimentsthata liduit o,
crystal panel capable of variable intensity modulation in accordance with
thithesdriving veltage develds used for the intersitymodulating devicenintdat a
case of setting the intensity of addition as coherent light to 1.0 for
setexdamplef sinsple ionteff contrdicof the ligetwawlt bes- 202 sufficiditnin this”
case, a DMD (Digi;al Micromirror Device) can be used as the intensity
rechicdulfing tevice: “AlSb, & rEfSEvE tye fiquid erygtat pane? sy be used
mofi? 18 pensity modyating deyice nsiead,af {ie tansmissive: type Lud; ng
crystal panel exemplarily illustrated in the embodiments. Also, while a
re£GaseQfusing adransmissive type-ligiih 1e of intensity/phase
modulation, are separately provided, and further the optical
system 1s altered so as to guilde the signal light and
reference light generated at each to the hologram recording
medium HM at different angles. However, with regard to
reproducing along, this 1s the same configuration as with
the embodiments in that reference light and coherent light
are generated coaxially using the SIM for generating the
reference light. BAlso, as can be understood from the above
description, in the case of a device configuration dedicated
to reproducing, & configuration the same as the
configuration of the reproducing system shown in Flg. 1 is
sufficient.

Also, while description has been made regarding the
embodiments that a liguid crystal panel capable of variable
intensity modulation in accordance with the driving voltage
ievel is used for the intensity modulating device, in a case
of setting the intensity of addition as coherent light to

s

1.0 for example, simple on/off control of the light would be
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crystal panel as the phase modulator has been exemplarily illustrated 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 individual pixels. Also, while a
case has been exemplarily illustrated in the embodiments wherein square
root calculation is performed as to the output of the image sensor,
following a value is subtracted from the results thereof corresponding to
the addition amount of coherent light, thereby removing the component

sutiddedBy the_EGh&%ﬁF light;*the é‘d@@_co%gﬁttﬂ&hyﬁtﬁﬁﬁgﬁé?ﬁ%ay be
pevEIAQVed by ﬁ%ef@fgge%%n%%f reraying RO components for example,

beside such explicit subtraction processing: The present application
2 1segntainssubiect matterfelated 4o thatdisclesed pdapanese Rriorityed as
Patent Application JP 2008-160661 filed in the japan Patent Office on
theJune-t8,s 2008 mhéeritire contént of whickis hesebyrincorporated isyi263 ve
reference. It should be understood by those skilled in the art that various
LYPRiodifiations ‘CoMinaliciie SubdhibiAations and Aitefations may betur

emb%e endlrl%(_)n design requirements and other factors insofar as they are

Within the scope of the appended claims or the equivalents thereof. - 204

Alsc, while a case of using a transmissive type liguid
crystal panel as the phase modulator has been exemplarily
illustrated 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 individual pizels.

Also, while a case has been exemplarily illustrated in
the embodiments wherein sguare root calculaticn is performed
as to the cutput of the image sensor, feollowing a value is
subtracted from the results thereof corresponding to the
addition amount of coherent light, 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 discleosed in Japanese Priority Patent Appiication JP
2008-160661 filed in the Japan Patent Office on June 19,

2008, the entire content of which is hereby incorporated by



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

refggi%rh%?dgram recording medium; coherent light generating means

contigured.19 geperale seoharentlight of which theiintensity is greater.than
the absolute value of the minimum value of the amplitude of said
thatepraducedsimage] and:=zhe phase decomestihe samesphase-as theticns
reference phase within said reproduced image; an image sensor
andegrfigtifed ioreceiveyal ript iMage il igikel Micréfehtsing dbtaif ahen T s
Uimage signal; an optical system configured to guide said reference light
N9 Kblogram fEcording adiufte ant Sisd'aidE sait eprbaLisdmage
tneoBtained from spid halogramyecarding; mediym ascording to the
irradiation of said reference light, and said coherent light to said image
sensor, wherein the - 205 number of pixels of said image sensor side,
and said optical
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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 region of how many pixels worth of said image sensor side
is greater than at least one; square root calculating means configured to
input an image signal obtained based on light-receiving operation 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
Wﬂﬁgaia%toiﬁg%\ﬁ@h?ﬁém an image signal serving as the square root
calculation result by said square root calculating means; pixel position
identifying means configured to identify the position of each data pixel
included,in.said repreduced dmage from andmagersignalafter semevabn
processing by said removing means; pixel amplitude value obtaining
regmednscoafigoreddoaobtain-the’amplitide vatue' at edchr: data pxépgram
position within said image signal based. on the information of the position

Pagsf edch GRAHIRE idéntiied Wy Sald pixet positich dentifyiig-means; and
mtreP£%%‘JeC‘%% means. configured to.reproduce recorded, dafa, 208 based.on
t%e amplriltu e val“ue at eac?"l é}ata p?xeal posm%n

arrayed with the information of light intensity difference
in pixel increments, and reference light, sald reprcducing
device comprising:

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

coherent light generating means confiigured to generate
coherent light of which the intensity 1s greater than the
abscolute 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 signai;

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

and sald coherent light to said lmage sensor, wherein the



obtained by said pixel amplitude value obtaining means. 2. The
reproducing device according to Claim "!, wherein said removing means
subtract the value corresponding to the intensity of said coherent light
from said square root calculation result to remove the components of said
coherent light. 3. The reproducing device according to Claim 2, wherein
said reference light generating means and said coherent light generating
means are configured so as to generate said reference light and said

coherent light by employing a common, spatial light modulator for. :
Ao . R A . . ¥ ol t l
I’n‘umzr)r‘iﬂ'()rdu(fatlr‘?g e Fnté)ﬁs@(yaa{"n% 6ﬁggeeof gorﬁ%%nél%rg ent lI|llg t, @ ophies

systespectively4, The reproducing devige aceording 1@ Claim 3,; wherein
said spatial light modulator is configured by an intensity modulator for
rep subjecting inciderd fight tosspatial lightntensity modulatien aecordingitoage
pixel increments, and a phase modulator for subjecting said incident light
of g spafiaPphasesrhodtation ERESFIHSE o pikelinBreients eing % one

combined integrally. - 207 5. The reproducing device according to Claim = -
aatg %v%”ervé%*gytﬁcw&aﬁ"é%cgrad}r?g ifoegb?eélgtggmi]ﬁrga%%tg pattern is © o OF

howingered intoa plurality of predetermingd positions Jwithin said holggrame r
page; and wherein said pixel position identifying means

than at least one;

square root calculating means configured to input an
image signal obtained based on light-receiving operation by
said image sensor to calculate the square root of each value
making up sald image signal;

removing means configured to remove tﬁe components of
said coherent light from an image signal serving as the
sguare root calculation result by said sguare root
calculating 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 confligured to
obtain the amplitude value at each data pixel position
within saild image signal based on the information of the
pesition of each data pixel identified by said pixel
pesitien identifying means; and

reproducing means configured to reproduce recorded data
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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 position of each data pixel based on the
position of each sync data identified. 6. The reproducing device according
to Claim 5, wherein, at the time of identifying the insertion position of
each sync data, said pixel position identifying means perform detection of
cqrrelation at each sync data position when moving a plurality of syt
bas%ataogelggt%da vr\[/Lﬁ)tﬁ‘.| %h?yeu?r?se¥ |§ﬁ1 So%ﬁo% %?%yr??:aégga tg “e*idéﬁtglflle”dg gg a

obt Lefgrencey integrally within ér%ggqectaa@ineyﬂ@_eg%_%v&@jmﬁ@@i iRages |
signal, and as a result thereof, 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: - 208 sync

extrapolBfifg ABATS EeHflglré§ 1o 8Rtrapolate’sdid sync'dataBuch that

the positigns of all the dataepixels ir]%I#ded in S%Id image signal are
0

i 4 s T bt r 11
vhe S BuRGed with Said 8ynd" 6ata from four directions. 8. The reproduging -~

ro @gvice accouding to.Claim7; whetein said pixelpositign idgntifying means
perform linear interpolation based on the positions of four pieces of sync
root calculation result to remove the components cf sald

coherent light.

3. The reproducing device according to Claim 2,
wherein said reference light generating means and said
cocherent light generating means are conflgured so as To
generats sald reference light and sald coherent light by
employing a common spatial light modulater for modulating
the intensity and phase of common incident light,

respectively.

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 phase modulation according to pixel increments being

combined integrally.



data surrounding the position of a data pixel to be identified, and the
position of said data pixel to be identified which is 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 positions surrounding
the datapixel position, to be processed, 10. The eproducing device
according to Claim4, Wherein said pixél position identifying mean$
whePerform identifying of.each data pixel position based on-aireaut:ofpattern
two-dimensional clock information included in an image signal after
is termmeval{processing: by Saidareimoving meansdemgnirk09 extractedn:a1l.
The reproducing device according to Claim 10, wherein said pixel position
w1t fentifAng means perfori dfalysis processing for performing
two-_d[ijmensionaL Fourigr transform regggdigg aréjamggg signal I%g%rqq
rer%valwﬁ%c%%‘siinsgaﬁy said rém f?lsg“r‘ﬁ“eghs to ﬁrelr‘for‘rﬁ/%reauency -
sea@balysisgegarding,aiplangswaue factorinclyded insaick, i’@aﬁﬁ}é@@éﬁﬁ%ed
clock information obtaining processing for performing search of the peak
datportionof anpowienspectrum within eachal after removal processing

by said remeving means to identify The insertion position of
each sync data within said image signal, and also identify
the position of each data pixel based on the position of
each sync data identified.

4. The reproducing device according to Claim &,
wherein, at the time of identifying the insertion position
of each sync data, said pixel position ldentifying means
perform detection of correlation at each sync data position

—

when moving a plurality of sync data selected with the
insertion position of sync data to be ldentifiled as a
reference, integrally within a predetermined range within
said image signal, and as a result thereof, 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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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-direction clock information
representing the frequency, phase, and normal direction of a plane wave
identified based on the peak portion detected within said second
predegermi}rggg arag%%,tand thnt?naiggntci%ét e %8§iet3i8n of egc@ data pixel,
within Said imag S|gnall ‘based on said firstdirection clock information
syn@nd said second-dirgctionclockJnformation£12, 1The. repreducing device
according to Claim 11, - 210 further comprising: differential processing
incheans configured torsuject agnimage signal-fromnwikich whe compotentgnc
of said coherent light: were removed by said removing means to
datgiffersiitial Processifng rithion-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
analysisjprocessing by said pixel, position ddentifyjngmeans, sgid;image
signal after non- linear processing by said non-linear processing means is
whesubjected 16 saidtwo-dimensional Founier fransformeans perform linear

said

interpclaticon based on the positions of four pleces of sync
data surrounding the position of a data pixel To be
identified, and the pcesgition of said data pixel to be
identified which is estimated Ifrom a recorded Iformat to

identify the position ¢f said data pixel to be determined.

9. The reproducing device according to Clalm &,
wherein said pixel amplitudes value obtaining means calculate
and cbtain the amplitude value of a data pixel position to
be processed by linear interpolation employing the amplitude
values of four positions surrounding the data pixel position

To be processed.

10. The reproducing device according to Claim 4,
wherein saild pixel position identifying means perform
identifving of each data pixel position based on a result of
two-dimensional clock information included in an 1magse

signal after removal processing by saild removing means being
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13. The reproducing device according to Claim 12, said non-linear
processing means execute processing for obtaining the absolute value or
square 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
redetermined range being subjected to inverse Fourier transform, as
Ethgﬁ“fferg’['- 211 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 beingssubjgcted t@ inverses Fousien transformgas saitlaim 10,
second-direction clock information, and also extract a first-direction cycle
whe ligd which Sakiifirst-dipeétion. two-diftarisidnal tlockamag et Bpresehts,

and a sgeco\r_lqd-direcfgifgn cycle I]"%ne which said §ecor]td- d_irgctiog ional

two dimeERSiBRIFIGER fmade fépreseénits 16 '0btain éach of grating points
rouWhere thesrespective cycle lines, infersegt, and.thendentify the pogition of

each data pixel based on the position of each grating point. 15. The
protepreducing devieeaceording to;Claiank4,to perform freguency
analysis regarding a plane-wave facter 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 pfedetermined
range as to the analysis results by said analysis processing
tc obtain first-direction clock information representing the
frequency, phase, and normal direction of a plane wave
identified based on the peak porticn detected within said
first predetermined range, and second-direction clock
information representing the freguency, phase, and normal
direction of a plane wave identified based on the peak
portion detected within saild second predetermined range,
and then identify the position of each data pixel

within said image signal based on said first-~direction clock

information and sald second-direction clock information.

12. The reproducing device according to Claim 11,



wherein said pixel position identifying means, as said clock information
obtaining processing, obtain an actual image obtained by subjecting
components including the center component of the peak portion detected
within said first predetermined range, and the neighborhood 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 - 212
TurEhmboneRtdthEredf to inverse Fourier transform, as a second-direction

two-dimgnsional glogk image, .and alsq extract a first-dirgction cyele lipe 4p,

which said first-direction two-dimensional clock image represents,” and a
ima §econdisactioneyclenting which saiehseeend-direction two-dimensional

clock image represents to obtain each of grating points where the
ligraspeetive cyolelings bntersect, anttherdetefnine the posiiohicieath

data pixel based on the position of each grating point. 16. The
ProgatSdiéng dedice according to Claim 15, wherein said differential

pf%%%%%@%@ﬂ%%BB@&%M@%@%@'J%M@ the companents of

said coherent light were removed by said removing means to each of
imafist-dirgetion differentialprecessing and seeend-directiordifferential by

processing,
sald differential processing means ©o non-linear processing;
whereln, with said analysis processing by said pixel
position identifying means, saild image signai after non-

linear processing by said non-linear processing means 1s

sub’jected to said tweo-dimensional Fourler transform.

13. The reproducing device according to Claim 1Z, sald
non-linear processing means execute processing for obtaining
the absolute value or sguare value of said image signal as

said ncon-linear processing.

14, The reproducing device according to Claim 13,
wherein said pixel position identifying means, as said clock
informaetion obtaining processing,

obtain a first-direction two-dimensional clock image
converted intoc a real image by components based on the peak
portion detected within said first predetermined range being

subjected to inverse Fourier transform, as sald first-

t
3]
=
[

I



‘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 said second-direction differential processing to non-linear
processing; and wherein said pixel position identifying means, as said
analysis processing, subject each of an image signal - 213 after said

a1 {istdirection nen-lnear pracessing, and an. image signalgfiersaid . or
second-difection non-linear processing by said non-linear processing

= wo MEBNSHQ Said wo- dimensional Fodrieftransiorm,andas-said clegkye by
information obtaining processing, obtain said first-direction clock

cominfarmatiortchaset om thenanalysis resultsiregarding thedmagersignal after
said first-direction non-linear processing obtained by said analysis

seCPRsbesEiRge ARdObIER SaidSechiid-dietiion EloeR thfbrnatioithased on
the analysis results regarding the image signal after said.

FOuEégffnd:-%‘Er‘éléstﬁ%ﬁdn-ﬁgﬁeasrap#%cggscfﬁéq %b?gﬁégcf tI:;)S} hid” analsis

infB%@%i@H; 17. The reproducing device according to Claim 16, wherein a
predetermined data pattern determined beforehand as a page sync is
insetted:intacsaid hodogram [Fage; andiwhereinosaid yeproducing means
identify th

Saigefiggg?di:ection two-dimensicnal clock image represents,

and a second-direction cycle line which saild second-
direction two-dimensicnal c¢lock image represents to obtain
each of grating points where the respective cycle lines
intersect, and then identify the position of each data pizxel

based on the position of each grating point.

[
n

The reproducing device according to Claim 14,
wherein said pixel position identifying means, as sald clock
information obtaining processing,

cbtain an actual image obtained by subjecting
componentse including the center component of the peak
portion detected within said f£irst predetermined range, and
the neighborhood components thereof to inverse Fourier
transform, as a first-direction two-dimensional clock 1mage,
and obtain an actual image obtained by subjecting components
including the center component of the peak peortion detected

within said second predetermined range, and the neighborhood



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 value 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 one
information of the amplitude - 214 value of each data pixel. 18. The

reproduicing, device according lo Claim, 17, wherein.a plurglity of said
“CTBage’'syncs are inserted; and wherein sai?i reproducing means identify

secihg; position-of gach,data pixel onatecorded-format hased on the result
of the search with the plurality of page syncs as an integral page sync.

1% Theaeproducing:deviee according to=Claim 185 wherein; withwsdigh
_clock information obtaining processing by said pixel position identifying N
salfndanss Sedrchest alpeak: Horonterdbtaiiciock mformatiohtwithiR ‘eath bt =

___.said_first predetermined range and.said second predetermined range
and ez f e vI%ﬁh Hé Slock ?rneqﬁ%%% inftjhf(]-i'exW irection Eélhgg the © %10

a1 rrequency-ipthe ¥ diregtion.each gstimated ;based-on the,pumber ebtain
pixels in the X direction and Y direction of a spatial light modulator for
eacpedarming: spatiab tighttmodulatien @ceordimgrtocpixekincrements ate s

intersect, and then determine the position of each data

pixel based on the pesition 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 removing means to each of first-direction
differential processing and second-direction differential
proceasing,

and wherein said non-linear processing means periform
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
said second-direction differential processing to non-linear
processing;

and wherein said pixel position identifying means, as

said analysis processing, subject each of an image signal



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 reproducing
device according to Claim 19, said pixel amplitude value obtaining means
perform interpolation - 215 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 comprising: up-converting means configured to up-convert an
- fhagé lsc?g na *frscr)]ar% %/yv il‘cﬁ"lcthleocl:lor%1 ponents of ga%rc%%ee?éimﬁq%ht were =
imazra%ﬂg\@qux said remaving means o aspredeternlined, magnifieation by
Inear interpolation. 22. A reproducing method for performing reproduction
protegasding aholegtamreecrdingsmedium irewhichca helograrhopage d two~
~according to signal light in which bit data is arrayed with the information of
dimfightintensity diffeteice RepIREl itremeftsafhieh i€linterféredwitty rnat1on
reference light is_recorded by employing an.image sensor for receiving an
OBt it g T Fel TEremBnisto GBam art miag SigRaT sS4 CLo0
in£PERIQAucing methad comprising the steps ok generating of said reference
light to be irradiated when obtaining a reproduced image regarding said
imzBelogiaMmat after said first-direction non-linear
processing obtained by sald analysis processing, and obtain
said second-direction clock information based on the
analysis results regarding the ilmage signal after saild

second-direction non-linear processing obtained by sald

analysis processing.

17. The reproducing device according to Claim 16,
wherein a predetermined data pattern determined beforehand
a8 a page sync is inserted inte said hologram page;

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 sald page sync
within said image signal based on the amplitude value of
each data pixel obtained by said pixel amplitude value
obtaining means, and sald precetermined data patiern as a
vage 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



page recorded in said hologram recording medium; generating of coherent
light of which the intensity is greater than the absolute value of the
minimum value of the - 216 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 generated by said generating of reference light being
irradigted, and gg;d coherent light generated by said generating of
val Eghéjr“en?ﬁffﬁt 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: regipnr ofihewmaniy pixets worth rofisaid image sénsdriside
is greater than at least one; inputting of an image signal obtained at said
whepgdge SensoF mlddid reédeiving o afktlRERE sqidrelrodEsf @ach value
making u% sgid image aignal; remgying of the component fof _id
coRBfent ightirdm® an TmAhgE sighal $8RIIRG S the Sqlare rdot calculation
posESHlin saidinpytting; identifying gf,the positionef each.data pixalea on
included In said reproduced image from an image signal after removal
theprocessingdyy said remaving; with the plurality of page syncs as

an 1integral pagée sync.

19. The reproducing device according to Claim 18,
wherein, with said clock information obtaining processing by
sald pixel position identifying means, search of a peak
portion to obtain clock information within each of said
first predetermined range and sald second predetermined
range each set with the clock frequency in the X direction
and the ciock frequency in the Y direction each estimated
based on the number of pixels in the ¥ 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 reproducing device according to Claim 19, said

pixel amplitude value obtaining means perform interpoiation



obtaining of 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 - 217 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 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 intensit differe_pcg

ProRESiRerifcreméits - &hd Feference Tight "<aid feproduéing “devide’ °-

cosGRTRNIsng: areference light generating,ynitconfigured to generatgsaid ; o,
reference light to be irradiated when obtaining a reproduced image

ideregarding sait: halogrampageirecardedsfsaid-helegram tecardingach data
medium; a coherent light generating unit configured to generate coherent

o 1xkightiof whidht thesintansity 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.jmage. sensor configred;toregelve an;ingutimage.in. pixel,
increments to obtain an image signal; an optical system configured to

Clagwd@@ﬁkkﬁﬁﬁﬁﬁﬁecomprising:

ne

up-converting means configured to up-convert an image
signal from which the components of said coherent light were
removad by sald removing means to a predetermined

magnilification inear in 1 .
£ t by 1 terpolation

22. A reproducing method for performing reproduction
regarding & hologram recording medium in which a hologram
page according to signal light in which bat data 1s arrayed
with the information of light intensity difference in pixel

increments which is inter

t+h

ered with reference light 1is
recorded by employing an image sensor for recelving 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 obiaining 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 absolute wvalue of the minimum value of the

- 2le -



light to said hologram recording medium, and also guide said reproduced
image obtained from said hologram recording - 218 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-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

amp SRIQdUCed image al therroe&i?c?e%f Dow fany, pixels worp of saigimage,

sensor side is greaterre%an at least one; a square root calculating unit
t he CQAfQUred 1o input an, image sighak-ebiginadkbased-om lightireceingrduced
operation by said image sensor to calculate the square root of each value
imageaking up said image signal; a removing unit configured to remove the
components of said coherent light from an image signal serving as the
sqUaRErI6t BalcUTatISh 28t by RafFsGifdle oot Sadlding Uit & Pixel

ima e e A ol etn e he posll R S8 AR i

3
IXe edinsaid reproduce age from an image signal after

co emoval processing by-said femavingdmit, a pixel amplitudesvalug of
obtaining unit configured to obtain the amplitude value at each data pixel

refpesitior light being irradiated, and sald coherent light
generated by said generating of coherent light in a state in
which an over-sampling rate representing a ratio regarding
whether to receilve the image of one data pizel wort
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 sald image
sensor in said receiving to calculate the square root of
each value making up sald image signal;

removing of the compenents of said coherent light from
an image signal serving as the sguare root calculation
result in said inputting;

identifying of the position of each data pizxel ihcluded
in said reproduced image from an image signal after removal
processing by saild removing;

obtaining of the amplitude value at each data pilxel
position within said image signal based on the information

of the position of each dats pixel identified by said



within said image signal based on the information of the position of each
data pixel identified by said pixel - 219 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. - 220

identifying; and
reproducing of reccrded data based on the amplitude

value at each data pixel positilon obtained by said obtaining.

23, A reproducing device for performing reproduction
‘regarding a hologram recording medium in which a hologram
page 1s recorded in accordance with signal light, by
interference bstween =zaid signal light in which bit data is
arraved 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 said reference light to be irradiated when
obtaining a reproduced image regarding salid 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 sald reproduced image;

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

an optical system configured To gulde said reference
light to said hologram recording medium, and alsc gulde said

reproduced image obifained from said hologram recording
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medium according to the irradiation of said reference light,
and said ccherent light to sald image sensor, wherein the
number of pixels of said ilmage sensor side, and sald optical
system are adjusted such that an over-sampling rate
representing a ratio regarding whether to receive the lmage
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 sald image sensor side 13 greater
than at least one;

a sguare root calculating unit configured to input an
image signal cbtained based on light-receiving cperation by
sald image sensor to calculate the sguare root of each value
making up sald image signal;

a removing unit configured to remove the components of
sald coherent light from an image signal serving as the
sguare root calculation result by sald square root
calculating unit;

a pizxel position identifying unit configured to
identify the position of each data pixel included 1n said
reproduced image from an image signal after removal
processing by sald removing unit;

a pixel amplitude value obtaining unit configured to
cbhtain the amplitude value at each data pixel position
within saild image signal based cn the information of the

positicn of each data pixel identified by said pixel



position identifying unit; and

a reproducing unit confilgured to reproduce recorded
data based on the amplitude wvalue at each data pixel
position obtained by sald pixel amplitude value obtaining

unit.
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