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(57) ABSTRACT

An apparatus for compensating for pixel distortion while
reproducing hologram data includes an extraction unit, a
determination and calculation unit, a table, and a compensa-
tion unit. The extraction unit extracts areproduced data image
from a reproduced image frame including the reproduced
data 1mage and borders. The determination and calculation
umt determines position values of edges of the extracted
reproduced data image, and calculates average magnification
error values of pixels within line data from position values of
start and end point pixels thereof, which are based on the
determined position values of the edges. The table stores
misalignment compensation values for the pixels within the
line data, wherein the misalignment compensation values
correspond to predetermined references for average magnifi-
cation error values. The compensation unit compensates for
pixel positions 1n the extracted reproduced data 1mage using
the misalignment compensation values that correspond to the
calculated average magnification error values.
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APPARATUS AND METHOD FOR
COMPENSATING FOR PIXEL DISTORTION
IN REPRODUCTION OF HOLOGRAM DATA

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 7,656,564. The reissue appli-

cations arve the present application, which is a divisional

reissue of U.S. Pat. No. 7,656,564, and application Ser. No.
13/364,266, which is a rveissue of U.S. Pat. No. 7,656,564.

FIELD OF THE INVENTION

The present invention relates to a holographic system; and,
more particularly, to an apparatus and method for compen-
sating for pixel distortion 1n a reproduced data image that 1s
read from a storage medium to reproduce hologram data.

BACKGROUND OF THE INVENTION

Recently, with the development of products such as a semi-
conductor laser, a Charge Coupled Device (CCD) and a Lig-
uid Crystal Display (LCD), research into a techmical field
using volume holographic digital data storage technology has
been actively carried out. While a fingerprint recognition
system for storing and reproducing fingerprints has been put
to practical use as a result of this research, 1t trends toward
extension 1nto a variety of fields that can utilize the advan-
tages of large-capacity storage capability and an ultra-high
data transfer rate.

A holographic digital storage and reproduction system 1s
an apparatus that records an interference pattern, which 1s
generated when a signal light from an object interferes with a
reference light, in a storage medium, such as a photorefractive
crystal, that sensitively reacts with the amplitude of the inter-
ference pattern. As the storage and reproduction system
records the amplitude and phase of a signal light with chang-
ing the angle of the reference light or the like, 1t can store
several hundred to thousand holograms 1n the same location,
wherein each of the holograms 1s a page composed of binary
data.

Meanwhile, 1n a recording mode 1n which hologram data 1s
recorded 1n a storage medium, a typical holographic digital
storage and reproduction system divides laser light, which 1s
generated by a light source, 1nto reference light and object
light; modulates the object light into pages of binary data 1n
which pixels constitute light and darkness 1n accordance with
external input data (1.e., input data to be stored); and records
an iterference pattern in the storage medium as hologram
data corresponding to the input data, wherein the interference
pattern 1s obtained by causing modulated object light (1.e., a
signal light) and reference light, which 1s divided and
reflected at a predetermined deflection angle, to interfere with
cach other.

Meanwhile, hologram data 1s read from a storage medium
in a reproduction mode. And, the read hologram data, 1.€., a
reproduced data image, may have the problems of variation in
magnification, such as the enlargement or reduction of a
reproduced data image, and pixel misalignment, which are
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2

due to an error 1n an optical system, the surface status of the
storage medium, or a focusing error of an objective lens that
focuses the reproduced data image. A typical and conven-
tional method for solving the above-described problems 1s an
oversampling technique.

FIG. 9 1s a block diagram of a holographic reproduction
system that employs the conventional oversampling tech-
nique. The holographic reproduction system includes a
spindle motor 902, a storage medium 904, a reading light path
906, a reproduced light path 908, an 1mage detection block
910, a border detection block 912 and an oversampling block
914.

With reference to FIG. 9, the holographic reproduction
system 1s provided with the storage medium 904 rotated by
the spindle motor 902. And, the storage medium 904 1s pro-
vided with the reading light path 906, along which reading
light necessary to reproduce recorded hologram data 1s irra-
diated onto the storage medium 904; and the reproduced light
path 908, along which data image light (1.¢., a checker-shaped
pattern of binary data) reproduced by the irradiation of the
reading light 1s output, wherein the reproduced light path 908
includes an objective lens for focusing the data image light.

Furthermore, the image detection block 910, such as a
CCD camera, 1s provided on a terminal of the reproduced
light path 908. The CCD camera photoelectrically converts
the reproduced data image light 1n the manner of oversam-
pling each of the pixels thereofl mnto nxn pixels (e.g., 3x3
pixels), and provides the converted result to the border detec-
tion block 912. In this case, the data image light read from the
storage medium 904, 1.¢., a reproduced image frame, includes
a data image region and a border region. For example, 11 1t 1s
assumed that the reproduced image frame has a reproduced
data 1mage with the resolution size of 240x240 and has
3-pixel-sized upper, lower, right and left borders, the image
detection block 910 generates a photoelectrically converted
reproduced 1image frame which includes borders and has a
resolution size ol 1024x1024, and the photoelectrically con-
verted reproduced image frame 1s provided to the border
detection block 912.

Thereafter, the border detection block 912 detects the bor-
der region with a method of, e.g., referring to the total bright-
ness of pixels with respect to each line of the converted
reproduced 1mage Irame; extracts an oversampled repro-
duced data image from the reproduced 1image frame, based on
information about the detected borders; and transfers the
extracted oversampled reproduced data image to the over-
sampling block 914. For example, 1f a reproduced image
frame with a size of, e.g., 1024x1024 1s obtained from a
reproduced data image having a resolution size of 240x240
and 3-pixel-sized upper, lower, right and left borders, with
converting a pixel into 3x3 pixel, the border detection block
912 extracts an oversampled reproduced data image having a
resolution size of 720x720 and transiers 1t to the oversam-
pling block 914.

And, the oversampling block 914 extracts an original
reproduced data image from the oversampled reproduced
data image through sampling using a 3x3 mask. That 1s to say,
for example, the oversampling block 914 extracts an original
data image (1.¢., an encoded data image) having a resolution
s1ze of 240x240 1n such a way that one pixel 1s extracted and
then two pixels are skipped from an oversampled data image
having a resolution size of 720x720 (i.e., a method 1n which
a center pixel 1s extracted from each of 3x3 masks), as shown
in FIG. 10. The original data image extracted as described
above 1s provided to a decoder (not shown) for decoding. In
FIG. 10, nl to n4 indicate the 3x3 mask sections along the
horizontal direction.
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In this case, when the size of the oversampled data image 1s,
e¢.g., increased due to distortion attributable to various exter-

nal factors, for example, when a data image that should have
had a resolution size of 720x720 has a resolution size of
722x722, the oversampling block 914 divides an entire data
section (1.¢., a data line) into three equal parts along each of
horizontal and vertical directions, and performs sampling in
such a way that three, instead of two, pixels are skipped at the
start positions of the second and third equal parts (1.e., equal
division compensation method).

However, the conventional method using the oversampling,
technique so as to prevent the deformation (distortion) of a
reproduced data 1mage, which occurs due to an error in an
optical system, the surface state of a storage medium, and a
focusing error of an objective lens for focusing a reproduced
data 1mage has a problem 1n that a CCD must be designed to
be larger than necessary. This problem acts as a factor to
impede the light weight, compact size and low price of the
holographic reproduction system.

Furthermore, the conventional method using the oversam-
pling technique must process a reproduced data image of an
unnecessary large size, thereby causes a problem in data
reproduction rate.

Moreover, 1n the convention method, when the resolution
s1ze of a reproduced data image becomes greater than that of
an actual data, the distortion of pixels are compensated for 1n
such a way that a data line 1s divided into equal parts, the
number ol which 1s i1dentical to (the number of increased
pixels+1), and one pixel 1s additionally discarded at each of
the start points of the equal parts. In this case, considering that
the probability that the coordinates of the border of the data
image falls exactly on an integer value 1s very low, a problem
arises 1n that distortion cannot be correctly compensated for,
so that the problem makes it difficult to attain a high quality
reproduced image.

Meanwhile, a hologram data, 1.e., the reproduced data
image reproduced from the storage medium, may exhibit a
phenomenon in which the entire image 1s linearly/nonlinearly
distorted due to a lens error of an optical system (1.e., error
caused by a difference in the refractive index 1n the horizontal
and vertical directions of the lens), an error 1n the grating of a
hologram data, an error attributable to the horizontal failure
ol a storage medium disk and the like. However, the conven-
tional method using the oversampling technique does not
consider the linear/nonlinear distortion of the entire image
caused by the above-described various factors. In the conven-
tional method, oversampling 1s performed while the top lett,
that 1s, the first pixel of first line of the data image 1s regarded
as a reference position, and the first pixels of every other lines
are assumed to be aligned with the reference position.
Accordingly, when the linear/nonlinear distortion of the
image 1s serious, a problem arises in that the position of a
target pixel that 1s extracted through oversampling can be
misaligned, and the problem acts as a factor to degrade the
quality of the reproduced image.

SUMMARY OF THE INVENTION

It 1s, therefore, a primary object of the present invention to
provide an apparatus and method for compensating for the
distortion of the reproduced pixels of hologram data, which 1s
capable of compensating for magniﬁcation distortion on a
pixel base using a 1:1 plxel matching compensation method
that compensates for the mismatch of pixels after simplifying,
the distortion of an 1image to the mismatch of the pixels.

It 1s another object of the present invention to provide an
apparatus and method for compensating for the distortion of
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4

the reproduced pixels of hologram data, which divides a data
image into a plurality of sub-image blocks using a plurality of
alignment marks inserted into the predetermined positions of
an 1mage Irame, and compensates for magnification distor-
tion and the linear/nonlinear distortion of the entire 1mage by
a pixel unit using a 1:1 pixel matching compensation method
that compensates for the mismatch of the pixels of the divided
sub-image blocks after simplitying the distortion of the image
to the mismatch of the pixels.

In accordance with a preferred embodiment of an aspect of
the present mnvention, there 1s provided an apparatus for com-
pensating for pixel distortion while reproducing hologram
data, which 1s recorded 1n a storage medium as an interference
pattern that 1s obtained through interference of reference light
with signal light that 1s modulated 1n accordance with the
data, the apparatus including: a unit for extracting a repro-
duced data image from a reproduced 1mage frame including
the reproduced data image and borders; a unit for determining
position values of edges of the extracted reproduced data
image, and calculating average magmification error values of
pixels within line data from position values of start and end
point pixels thereof, which are based on the determined posi-
tion values of the edges; a table for storing misalignment
compensation values for the pixels within the line data,
wherein the misalignment compensation values correspond
to predetermined references for average magnification error
values; and a unit for compensating for pixel positions 1n the
extracted reproduced data image using the misalignment
compensation values that correspond to the calculated aver-
age magnification error values.

In accordance with another preferred embodiment of the
aspect of the present invention, there 1s provided an apparatus
for compensating for pixel distortion while reproducing holo-
gram data, which i1s recorded 1n a storage medium as an
interference pattern that 1s obtained through interference of
reference light with signal light that 1s modulated 1n accor-
dance with the data, the apparatus including: a unit for
extracting a reproduced data image and alignment marks
inserted 1nto predetermined positions from a reproduced
image frame including the reproduced data image and bor-
ders; a unit for detecting degrees of misalignments of pixels
within the reproduced data image using the extracted align-
ment marks, and calculating misalignment correction values
based on the detection results; a unit for correcting pixel
positions of the reproduced data image based on the calcu-
lated misalignment correction values, and determining posi-
tion values of edges of the reproduced data image the pixel
positions of which are corrected; a unit for determining posi-
tion values of start and end point pixels of line data based on
the determined position values of the edges; a unit for calcu-
lating average magnification error values of pixels based on
the determined position values of the start and end point
pixels; a table for storing misalignment compensation values
for the pixels within the line data, wherein the misalignment
compensation values correspond to predetermined references
for average magnification error values; and a unit for com-
pensating for pixel positions 1n the extracted reproduced data
image using the misalignment compensation values that cor-
respond to the calculated average magnification error values.

In accordance with still another preferred embodiment of
the aspect of the present invention, there 1s provided an appa-
ratus for compensating for pixel distortion while reproducing
hologram data, which 1s recorded 1n a storage medium as an
interference pattern that 1s obtained through interference of
reference light with signal light that 1s modulated 1n accor-
dance with the data, the apparatus including: a unit for
extracting a reproduced data image and a plurality of align-
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ment marks inserted into predetermined positions from a
reproduced 1mage frame including the reproduced data
image, borders and the plurality of alignment marks; a unit for
dividing the extracted reproduced data image into a plurality
of sub-image blocks based on the plurality of extracted align-
ment marks; a unit for determining position values of edges of
cach of the sub-image blocks, and calculating average mag-
nification error values of pixels within the respective sub-
image blocks from position values of start and end point
pixels of line data, which are based on the determined posi-
tion values of the edges; a table for storing misalignment
compensation values for the pixels within the line data,
wherein the misalignment compensation values correspond
to predetermined references for average magnification error
values; and a unit for compensating for respective pixel posi-
tions within the respective sub-image blocks using the mis-
alignment compensation values that correspond to the calcu-
lated average magnification error values.

In accordance with a preferred embodiment of another
aspect of the present invention, there 1s provided a method of
compensating for pixel distortion while reproducing holo-
gram data, which i1s recorded 1n a storage medium as an
interference pattern that 1s obtained through interference of
reference light with signal light that 1s modulated 1n accor-
dance with the data, the method including the steps of:
extracting a reproduced data image from a reproduced 1image
frame including the reproduced data image and borders;
determining position values of edges of the extracted repro-
duced data image; determining position values of start and
end point pixels of line data based on the determined position
values of the edges; calculating average magnification error
values of pixels within the line data based on the determined
position values of the start and end point pixels; and compen-
sating for pixel positions 1 the extracted reproduced data
image using predetermined misalignment compensation val-
ues for the pixels that correspond to the calculated average
magnification error values.

In accordance with another preferred embodiment of said
another aspect of the present mvention, there 1s provided a
compensating for pixel distortion while reproducing holo-
gram data, which 1s recorded 1n a storage medium as an
interference pattern that 1s obtained through interference of
reference light with signal light that 1s modulated in accor-
dance with the data, the method including the steps of:
extracting a reproduced data image and alignment marks
inserted 1to predetermined positions from a reproduced
image frame including the reproduced data image and bor-

ders; detecting degrees of misalignments of pixels within the
reproduced data image using the extracted alignment marks,
and calculating misalignment correction values based on the
detection results; correcting pixel positions of the reproduced
data image based on the calculated misalignment correction
values, determining position values of edges of the repro-
duced data image the pixel positions of which are corrected,
and determining position values of start and end point pixels
of line data based on the determined position values of the
edges; calculating average magnification error values of pix-
¢ls based on the determined position values of the start and
end point pixels; and compensating for pixel positions 1n the
extracted reproduced data image using predetermined mis-
alignment compensation values for the pixels that correspond
to the calculated average magnification error values.

In accordance with still another preferred embodiment of
said another aspect of the present invention, there 1s provided
a method of compensating for pixel distortion while repro-
ducing hologram data, which 1s recorded 1n a storage medium
as an interference pattern that 1s obtained through interfer-
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6

ence of reference light with signal light that 1s modulated 1n
accordance with the data, the method 1ncluding the steps of:
extracting a reproduced data image and a plurality of align-
ment marks inserted into predetermined positions from a
reproduced 1mage Iframe including the reproduced data
image, borders and the plurality of alignment marks; dividing
the extracted reproduced data image into a plurality of sub-
image blocks based on the plurality of extracted alignment
marks; determining position values of edges of each of the
sub-image blocks; determining position values of start and
end point pixels of line data based on the determined position
values of the edges; calculating average magnification error
values of pixels within the respective sub-image blocks,
based on the determined position values of the start and end
point pixels; and compensating for pixel positions i the
sub-image blocks using predetermined misalignment com-
pensation values for the pixels that correspond to the calcu-

lated average magnification error values.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 provides a block diagram of a holographic repro-
duction system that employs an apparatus for compensating
for the pixel distortion in reproduction of hologram data 1n
accordance with a first preferred embodiment of the present
imnvention;

FIG. 2 1llustrates an example of a reproduced image frame
having a data image region and a border region;

FIG. 3 shows an exemplary case where alignment mark
pixels and CCD pixels are misaligned;

FIG. 4 gives an example of a reproduced data image that 1s
extracted from the reproduced image frame;

FIG. 5A offers an example of the occurrence of a pixel
magnification error 1n which a misalign increases accumula-
tively when an enlargement error occurs in a reproduced
1mage;

FIG. 5B depicts the case, when a pixel magnification error
value increases accumulatively, 1n which data sections are
divided and compensation directions are determined with
respect to the start positions and the center positions of pixels;

FIG. 6 provides a block diagram of a holographic repro-
duction system that employs an apparatus for compensating
for the pixel distortion in reproduction of hologram data 1n
accordance with a second preferred embodiment of the
present invention;

FIG. 7 1llustrates an 1deal image frame including a data
image region, a border region and a plurality of alignment
marks;

FIG. 8 shows an exemplary case where nonlinear distortion
occurs 1n the reproduced 1mage frame;

FIG. 9 presents a block diagram of a holographic repro-
duction system that employs a conventional oversampling
technique; and

FIG. 10 describes an oversampled reproduced data image
to explain a process of extracting an original reproduced data
image through 3x3 oversampling in accordance with a con-
ventional method.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

The present invention will now be described 1n detail 1n
connection with preferred embodiments with reference to the
accompanying drawings.
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The conventional method divides a data image 1nto equal
parts the number of which 1s 1dentical to the number of dis-
torted pixels, and performs distortion compensation by a
pixel unit. In contrast, a core technical spirit of the present
invention finds the position values of the quadrilateral edges
of a reproduced data image (start and end point positions of
pixels with respect to line data and interline data), calculates
the average magnification error values of respective pixels
using the position values of the quadrilateral edges, and com-
pensates for the respective pixel positions of the reproduced
data image that are extracted using the misalignment com-
pensation values for the respective pixels corresponding to
the calculated average values.

Another core technical spirit of the present invention
divides a reproduced data image 1nto a plurality of sub-image
blocks using a plurality of alignment marks which are
mserted into and recorded in predetermined regions of a
reproduced 1image frame at the time of recording, finds the
position values of the quadrilateral edges of the divided sub-
image blocks (start and end point positions of pixels with
respect to line data and interline data), calculates the average
magnification error values of respective pixels within the
sub-image blocks using the position values of the quadrilat-
eral edges, and compensates for the respective pixel positions
of the sub-image blocks (reproduced sub-image blocks) using
the misalignment compensation values for the respective pix-
¢ls that correspond to the calculated average values.

Furthermore, the present invention further includes a tech-
nical spirit of compensating for the pixel positions of a repro-
duced data image or sub-image blocks 1 such a way as to
divide the region of the reproduced data image or the region of
cach of the divided sub-1mage blocks 1nto a certain number of
sections based on calculated average magnification error val-
ues, and applying compensation directionality thereon.

Furthermore, the present invention further includes a tech-
nical spirit of detecting the degree of misalignments of pixels
within a reproduced data image using alignment marks
extracted from a reproduced image frame, calculating mis-
alignment correction values based on the detection results,
compensating for the pixel positions of the reproduced data
image based on the calculated misalignment correction val-
ues, and determining the position values of start and end point
pixels with respect to the line data of the reproduced data
image the pixel positions of which has been corrected.

A first preferred embodiment of the present invention waill
be described hereinatter in detail with reference to the accom-
panying drawings.

FIG. 1 15 a block diagram of a typical holographic repro-
duction system that employs an apparatus for compensating
tor the pixel distortion in reproduction of hologram data 1n
accordance with the first preferred embodiment of the present
ivention.

With reference to FIG. 1, the holographic reproduction
system includes a spindle motor 102, a storage medium 104,
a reading light path 106, a reproduced light path 108, an
image detection block 110 and a reproduced pixel compen-
sation block 112. In this case, the reproduced pixel compen-
sation block 112 refers to a reproduced pixel compensation
apparatus 1n accordance with the present preferred embodi-
ment. That 1s, the reproduced pixel compensation apparatus
of the present preferred embodiment includes a border/align-
ment mark detection block 1121, a misalignment correction
value calculation block 1122, a pixel position determination
block 1123, a pixel magnification error value calculation
block 1124, a pixel compensation direction determination
block 1125, a pixel compensation block 1126 and a lookup
table 1127.
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That 1s, the holographic reproduction system that employs
the reproduced pixel compensation apparatus 1n accordance
with the present preferred embodiment 1includes the storage
medium 104 rotated by the spindle motor 102. The storage
medium 104 1s provided with the reading light path 106 along
which reading light necessary to reproduce recorded holo-
gram data 1s 1rradiated onto the storage medium 104, and a
reproduced light path 108 along which data image light (1.¢.,
a checker-shaped pattern of binary data), which 1s reproduced
through the 1rradiation of the reading light, 1s output.

Furthermore, the image detection block 110, such as a
CCD camera, 1s provided on the reproduced light path 108.
The CCD camera generates a reproduced image frame that 1s
photoelectrically converted by a 1:1 pixel matching method,
and transiers the generated image frame to the border/align-
ment mark detection block 1121 in the reproduced pixel
compensation block 112, while the conventional holographic
reproduction system that represents each of the pixels consti-

tuting the reproduced image light into nun pixels (for
example, 3x3 pixels) and outputs the represented data. For
example, 1f data image light has a resolution size of 240x240
and 3-bitupper, lower, right and left borders, the image detec-
tion block 110 generates a reproduced image frame that
includes a 240x240-s1zed reproduced data image and 3-pixel
upper, lower, right and left borders.

Meanwhile, the border/alignment mark detection block
1121 detects the borders of the reproduced data image using,
¢.g., the total brightness of pixels with respect to each line of
the reproduced 1mage frame; extracts the reproduced data
image from the reproduced image frame, based on informa-
tion on the detected borders; and then, provides the extracted
reproduced data image to the pixel position determination
block 1123 and the pixel compensation block 1126 through a
line L11. Furthermore, the border/alignment mark detection
block 1121 extracts alignment marks formed at predeter-
mined positions 1n the reproduced 1image frame (for example,
predetermined positions within the boundary region between
a border region and a reproduced data i1mage region, or pre-
determined positions within the border region, etc.), and then
provides the extracted alignment marks to the misalignment
correction value calculation block 1122.

In other words, for example, as shown 1n FIG. 2, 1f 1t 1s
assumed that a reproduced 1mage frame includes a border
region 202, a boundary region 204 between the border region
202 and a reproduced data image region, the reproduced data
image region 206, and alignment marks 204a, the border/
alignment mark detection block 1121 extracts a reproduced
data 1image from the reproduced data image region 206 and
provides the extracted data image onto the line LL11. For
example, the border/alignment mark detection block 1121
extracts the plxels of the alignment marks 204a mserted into
the boundary region 204 and provides the extracted pixels to
the misalignment correction value calculation block 1122. In
this case, each of the ahgnment marks 204a can have, for
example, a 4x4 block size shape 1in which 2x2 on/off sub-
blocks are alternately arranged, as shown 1n FIG. 3.

The misalignment correction value calculation block 1122
determines whether a mismatch exists or not by matching 4 x4
alignment mark pixels with CCD pixels. For example, as
shown 1 FIG. 3, if the mismatch exists between the align-
ment mark pixels and the CCD pixels, the misalignment
correction value calculation block 1122 calculates x-direc-
tional and y-directional misalignment correction values using,
information about the amounts of light 1n the vicinity pixels of
off-pixels or on-pixels. In FIG. 3, reference numeral 302
designates the CCD pixels.




US RE45,496 E

9

For example, if 1t 1s assumed that 4x4 alignment mark
pixels and CCD pixels are mismatched as shown 1 FIG. 3,
x-directional and y-directional misalignment correction val-
ues can be calculated using two 2x2 off-pixel sub-blocks or
two 2x2 on-pixel sub-blocks that are located 1n a diagonal
direction within the alignment mark 204a. For example, the
x-directional and y-directional misalignment correction val-
ues can be calculated using the two 2x2 off-pixel sub-blocks.

That 1s, the value of the amount of light of an off-pixel,
which 1s located at the center of the left upper part of FIG. 3,
1s the same as the sum of the amounts of light detected on a
pixel x1L (located on the lett side of the off-pixel) and a pixel
x1R (located on the right side of the off-pixel), and 1s also the
same as the sum of the amounts of light detected on a pixel
yv1L (located below the off-pixel) and a pixel y1U (located
above the off-pixel). Accordingly, by obtaining X1, the pro-
portions of x1L and x1R, and Y1, the proportions of y1L and
y1U using the following Equations 1 and 2, respectively,

x-directional and y-directional misalignments can be calcu-
lated using the 2x2 off-pixel sub-block that 1s located on the
upper lett part.

1 x1L x1R Eq. 1
_(x1L+le’ x1L+}:1R]
ylL Eq. 2

Yl—( ylU ]
CA\ylL+y1U’ y1L+ ylU

Here, the proportion of x1L indicates the degree of x-di-
rectional misalignment 1n assuming rightward misalignment,
while the proportion of x1R indicates the degree of x-direc-
tional misalignment 1n assuming leftward misalignment. Fur-
ther, the proportion of y1L indicates the degree of y-direc-
tional misalignment in assuming upward misalignment,
while the proportion of y1U indicates the degree of y-direc-
tional misalignment in assuming downward misalignment.
Theretfore, each of X1 and Y1 may be determined 1n accor-
dance with arule, e.g., choosing one with less misalignment.

In the similar manner, the value of the amount of light of an
off-pixel, which 1s located at the center of the lower right part
of FIG. 3, 1s the same as the sum of the amounts of light
detected on a pixel x2L (located on the leit side of the ofl-
pixel) and a pixel x2R (located on the right side of the ofi-
pixel), and 1t 1s also the same as the sum of the amounts of
light detected on a pixel y2L (located below the otf-pixel) and
a pixel y2U (located above the off-pixel). Accordingly, by
obtaining X2, the proportions of x2L and x2R, and Y2, the
proportions of y2L to y2U using the following Equations 3
and 4, x-directional and y-directional misalignments can be
calculated using the 2x2 off-pixel sub-block that 1s located at

the lower right part.

X0 — x2L X2R Eq. 3

- (x2L+x2R’ x2L+x2R]

vy ( y2L y2U ] Eq. 4
A\ 2L+ y2U " y2L+y2U
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Here, the proportion of x2L indicates the degree of x-di-
rectional misalignment 1n assuming rightward misalignment,
while the proportion of x2R indicates the degree of x-direc-
tional misalignment 1n assuming leftward misalignment. Fur-
ther, the proportion of y2L indicates the degree of y-direc-
tional misalignment 1 assuming upward misalignment,
while the proportion of y2U indicates the degree of y-direc-
tional misalignment in assuming downward misalignment.

Thereatter, x-directional and y-directional misalignments
(mismatch) can be detected by obtaining the average of X1
and X2 and the average of Y1 and Y2. The misalignment
correction values can be calculated based on these detection
results. The calculated misalignment correction values are
transierred to the pixel position determination block 1123
through a line L12.

Meanwhile, although the misalignments of pixels have
been described as being detected using the 2x2 oif-pixel
sub-blocks 1n the 4x4 alignment mark pixels 1n the present
preferred embodiment, the present invention 1s not limited
thereto. For example, 2x2 on-pixel sub-blocks in the 4x4
alignment mark pixels can be used. In the case, results 1den-
tical to those obtained 1n the case of the off-pixel sub-blocks
can be obtained.

Thereatter, the pixel position determination block 1123
corrects the pixel positions (i.e., moves the pixels 1n the
left/right direction and/or 1n the upward/downward direction)
of the reproduced data image, which 1s provided through the
line .11, based on the misalignment correction values (i.e.,
the x-directional and y-directional misalignment correction
values) provided through the line L12; determines the posi-
tion value of a start point pixel and the position value of an end
point pixel with respect to line data of the reproduced data
image the pixel positions of which are corrected; and then
transiers the determined position values to the pixel magni-
fication error value calculation block 1124. For example, as
shown 1 FIG. 4, the position values of the edges of the
reproduced data image are determined. That 1s, 1t 1s deter-
mined that x_1 and x_3 are the position values of the start
point pixel, and x_2 and x_4 are the position values of the end
point pixel i the x directional line data; and y_1 and y_2 are
the position values of the start point pixel,andyv_3 andy_4 are
the position values of the end point pixel in the y directional
line data. In this case, 1f distortion has not occurred in the
reproduced data image, the condition of x 1=x_3 and
x_2=x_4 1s fulfilled and the condition of y_1=y_2 and

_3=y_4 1s fulfilled.
The pixel magnification error value calculation block 1124

calculates an x-directional magnification error value X_mag_
error and a y-directional magnification error value Y_mag_
error, as expressed by the following Equations 5 and 6,
respectively, based on the position values of the edges, that 1s,
the position values of the start and end point pixels, received
from the pixel position determination block 1123, that is, the
position values of the start and end point pixels.

X_mag_error=(x_2-x_1)-X_data_size Eqg. 5

Y_mag_error=(y_3-y_1)-Y_data_size Eq. 6

Thereatter, average magnification error values per pixel are
calculated by calculating the degree of a x-directional mis-
alignment per pixel Ax and the degree of a y-directional
misalignment per pixel Ay using the following Equations 7
and 8, respectively. The calculated average magnification
error values per pixel are transierred to the pixel compensa-

tion block 1126 through a line 1.13.

Ax=X_mag_error/X_data_size Eq. 7

Ay=Y_mag_error/Y_data_size Eqg. 8
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In Equations 5 to 8, X_data_size 1s an actual data size in the
X direction, x_1 1s the position value of the start point pixel in
the x direction, x_2 1s the position value of the end point pixel
in the x direction, Y_data_size 1s an actual data size in the y
direction, y_1 1s the position value of the start point pixel in
the y direction, and y_3 1s the position value of the end point
pixel 1 the y direction.

For example, 11 x_1 15 0.4 pixel, x_2 1s 101.3 pixels and
X_data_size are 100 pixels, Ax 1s 0.9 pixel/100=0.009 pixel.
That 1s, the average magnification error value per pixel (1.e., a
misalignment value) 1n the x direction 1s 0.009 pixel.

Thereatfter, the pixel compensation direction determination
block 1125 divides the reproduced data image region into a
predetermined number of sections based on the average mag-
nification error values per pixel (1.e., the misalignment val-
ues) that are recerved from the pixel magnification error value
calculation block 1124. In detail, accumulatively added mis-
alignment values that are (for example, Ax, 2Ax, 3Ax, ..., as
shown 1n FIG. SA) generates a compensation direction deter-
mination signal that causes compensation directionality to be
different 1n accordance with the divided region (the data
section), and then provides the generated compensation
direction determination signal to the pixel compensation
block 1126 through a line L.14.

That 1s, the data 1image region 1s divided by determining a
point (position) where the fraction part of the accumulation of
the misalignment value becomes 0.5 (half pixel) or 0. For
example, as described above, 11 1t 1s assumed that x_1 1s 0.4
pixel and Ax 1s 0.009 pixel, a point (position) where the
fraction part of the accumulation of the misalignment value
becomes greater than 0.5 pixel 1s a minimum integer n_1 that
satisfies the equation 0.4+n_1*AAx>0.5, and accordingly,
n_1 becomes a minimum integer that 1s greater than (0.5-
0.4)Ax, that 1s, 12 (11.1111). Further, a point (position)
where the fraction part of the accumulation of the misalign-
ment value becomes 0 1s a minimum integer n_2 that satisfies
the equation 0.4+n_2*AAx>1.0, and accordingly, n_2
becomes a minimum integer which 1s greater than 1.0-0.4/
Ax, that 1s, 67 (66.6666). Furthermore, a point (position)
where the fraction part of the accumulation of the misalign-
ment value becomes greater than 0.5 again 1s a minimum
integer n_3 that satisfies the equation 0.4+n_3*Ax>1.5, and
accordingly, n_3 becomes a minimum integer that 1s greater
than 1.5-0.4/Ax, that 1s, 123 (123.2222). However, since the
s1ze of the data image 1s 100 pixels, n_3 1s disregarded.

Accordingly, in consideration of the above-assumed val-
ues, the pixel compensation direction determination block
1125 divides the image region into a data section from 1st
pixel point to 11th pixel point, a data section from 12th pixel
point to 66th pixel point, and a data section from 67th pixel
point to 100th pixel point. The divided data sections have
selective compensation directionalities having different com-
pensation directions, respectively, as shown 1n FIG. 5B. That
1s, the data section from the 1st pixel point to the 11th pixel
point has a compensation direction indicated by an arrow A,
the data section from the 12th pixel point to the 66th pixel
point has a compensation direction indicated by an arrow B,
and the data section from the 67th pixel point to the 100th
pixel point has a compensation direction indicated by an
arrow C that 1s 1dentical to that indicated by the arrow A.

Thereafter, when the average magnification error value per
pixel 1s recerved through the line .13, the pixel compensation
block 1126 searches the lookup table 1127 to determine a
corresponding reference among a plurality of predetermined
references for average magnification error values; and per-
forms position compensation on the pixels of the reproduced
data image, which 1s provided through the line .11, using the
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misalignment compensation values for the pixels that corre-
spond to the reference for the average magnification error
values. For this purpose, the lookup table 1127 stores the
plurality of predetermined references for average magnifica-
tion error values, and the misalignment compensation values
for the pixels that correspond to each of the references for the
average magnification error values.

Accordingly, 1n accordance with the present invention, 1t 1s
possible to realize the reproduction of hologram data that can
suppress a degradation of picture quality, through position
compensation per pixel using a 1:1 pixel matching method,
even without using an oversampling technique.

A second preferred embodiment of the present mvention
will be described hereinafter in detail with reference to the
accompanying drawings. In the present preferred embodi-
ment, 1dentical reference numerals are used to designate com-
ponents 1dentical to those of the first preferred embodiment,
thus omitting descriptions thereof.

FIG. 6 1s a block diagram of a holographic reproduction
system that employs an apparatus for compensating for the
pixel distortion 1n reproduction of hologram data in accor-
dance with a second preferred embodiment of the present
ivention.

With reference to FIG. 6, the holographic reproduction
system includes a spindle motor 102, a storage medium 104,
a reading light path 106, a reproduced light path 108, an
image detection block 110 and a reproduced pixel compen-
sation block 612. In this case, the reproduced pixel compen-
sation block 612 refers to a reproduced pixel compensation
apparatus 1n accordance with the present preferred embodi-
ment. The reproduced pixel compensation apparatus of the
present preferred embodiment 1includes a border/alignment
mark detection block 6121, a sub-block generating block
6122, a misalignment correction value calculation block
1122, a pixel position determination block 1123, a pixel mag-
nification error value calculation block 1124, a pixel compen-
sation direction determination block 11235, a pixel compen-
sation block 1126 and a lookup table 1127.

That 1s, the holographic reproduction system that employs
the reproduced pixel compensation apparatus of the present
preferred embodiment 1s provided with the storage medium
104 rotated by the spindle motor 102. And, the storage
medium 104 1s provided with the reading light path 106 along
which reading light necessary to reproduce recorded holo-
gram data 1s 1rradiated onto the storage medium 104; and a
reproduced light path 108 along which data image light (1.¢.,
a checker-shaped pattern of binary data), that 1s reproduced
through the 1rradiation of the reading light, 1s output.

Furthermore, the image detection block 110, such as a
CCD camera, 1s provided on the reproduced light path 108.
The CCD camera generates a reproduced image frame that 1s
photoelectrically converted by a 1:1 pixel matching method,
and transfers the generated image frame to the border/align-
ment mark detection block 6121 in the reproduced pixel
compensation block 612, while the conventional holographic
reproduction system that represents each of the pixels of
reproduced 1mage light mto nxn pixels (for example, 3x3
pixels) and outputs the data. For example, when data image
light has a resolution size of 240x240 and 3-bit upper, lower,
right and left borders, the reproduced light path 108 generates
a reproduced 1image frame including a 240x240-s1zed repro-
duced data image and 3-pixel upper, lower, right and left
borders.

Thereatter, the border/alignment mark detection block
6121 detects the borders of the reproduced data image using,
¢.g., the total brightness of pixels with respect to each line of
the reproduced image frame; detects a plurality of alignment
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marks inserted 1nto, €.g., a boundary region between a border
region and an 1mage; and extracts the reproduced data image
from the reproduced 1mage frame, based on information on
the detected borders. In this case, the alignment marks are
arranged at predetermined intervals along the four sides of the
data image region. The reason for this 1s to divide the repro-
duced data image 1nto a plurality of sub-image blocks having
a predetermined size based on the alignment marks, so that 1t
1s possible not only to compensate for misalignment attribut-
able to the magnification error of pixels and the linear distor-
tion of an entire 1image but also to compensate the nonlinear
distortion of the entire image by approximating the nonlinear
distortion to linear distortions of the sub-image blocks.

That 1s, as shown i FIG. 7, when hologram data 1s
recorded 1n a storage medium, a plurality of alignment marks
AMI1 to AM12 arranged at predetermined intervals can be
iserted 1nto a boundary region 704 between a border region
702 and a data image region 706. The border/alignment mark
detection block 6121 extracts the plurality of alignment
marks AM1 to AM12 and the reproduced data image, and
provides them to the sub-block generating block 6122. In
FIG. 7, reference numerals SB1 to SB9 refer to sub-image
blocks that are formed to have a uniform size (or different
s1zes) based on the alignment marks AM1 to AM12, respec-
tively. These sub-image blocks SB1 to SB9 will be described
in detail later.

Thereafter, the sub-block generating block 6122 divides
the data 1image into predetermined-sized sub-image blocks
based on the plurality of alignment marks AM1 to AM12
extracted from the boundary region 704 between the borders
and the image. For example, as shown i FIG. 7, if it 1s
assumed that the 12 alignment marks AM1 to AM12 are
inserted 1nto the boundary region 704 between the borders
and the 1mage at predetermined intervals, the data image
extracted from the reproduced frame 1s divided into the 9
sub-image blocks SB1 to SB9. For example, if 1t 1s assumed
that each of the alignment marks has a 4x4 size, the data
image can be divided 1nto the sub-image blocks by cutting the
data image with reference to the central point of each of the
alignment marks. Although the case where the data image 1s
divided into the 9 sub-image blocks has been described as an
example, the present invention 1s not limited thereto. That 1s,
the data 1mage can be divided into a larger number of sub-
image blocks by inserting a larger number of alignment marks
into a frame at regular intervals (or 1rregular 1ntervals) at the
time of recording alignment marks.

If 1t 1s assumed that linear/nonlinear distortion of an entire
image has not occurred 1n a reproduction frame, the repro-
duction frame can have a shape as shown 1n FIG. 7. However,
linear/nonlinear distortion can occur due to the factors
described above in the section of background of the invention.
As an example, nonlinear distortion, wherein, e.g., sides that
connect vertexes are nonlinearly curved into a reproduced
frame (indicated by reference characters “a” and “b”) while
the locations of the vertexes of the reproductlon frame are
kept intact, may occur 1n an entire image, as shown 1n FIG. 8.

Therefore, 1f the linear/nonlinear distortion occurs, the
region “b” becomes a region where a data image should have
existed but does not exist actually. If a data image 1s extracted
using the conventional oversampling technique atter the lin-
car/nonlinear distortion has occurred, there may occur a phe-
nomenon 1n which pixels are extracted from a region where an
actual data image does not exist (1.e., region “b”).

In the present invention, distortions of pixels in linear dis-
tortion are compensated for with considering that the pixels
have been shifted. Meanwhile, when the linear/nonlinear dis-
tortion occurs in the entire 1mage, the alignment marks
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undergo almost the same linear/nonlinear distortion as the
data image. Further, 1in the present invention, the nonlinear
distortion can be approximated to linear distortions of the
sub-image blocks, and data pixels are extracted from the
sub-image blocks, which are formed based on the alignment
marks, using the 1:1 matching method. Accordingly, the case
of nonlinear distortion, where data pixels are extracted from a
region where a data image does not exist (1.e., region “b”’), as
well as the case of linear distortion can be prevented.

Thereatter, the sub-block generating block 6122 provides
the sub-image blocks SB1 to SB9, which are obtained using
the plurality of alignment marks AM1 to AM12, to the pixel
position determination block 1123 and the pixel compensa-
tion block 1126 1n a sequential manner (1.e., from SB1 to
SB9) through the line L11. Furthermore, the sub-block gen-
erating block 6122 provides the alignment marks, which are
extracted at the predetermined positions of the reproduced
image frame (for example, predetermmed positions within
the boundary region between the border region and the repro-
duced data image region, or predetermined positions within
the border region), to the misalignment correction value cal-
culation block 1122. For example, the alignment marks are
provided 1n such a way that, when the sub-image block SB1 1s
provided onto the line .11, the alignment marks AM1, AM2
and AM12 are selectively provided to the misalignment cor-
rection value calculation block 1122, and when the sub-image
block SB2 1s provided onto the line L11, the alignment marks
AMI1, AM2, AM3 and AM12 are selectively provided to the
misalignment correction value calculation block 1122.

Hereinaftter, the misalignment correction value calculation
block 1122, the pixel position determination block 1123, the
pixel magnification error value calculation block 1124, the
pixel compensation direction determination block 1125, the
pixel compensation block 1126 and the lookup table 1127
perform operations, which are 1dentical to those performed on
the alignment marks and the reproduced data image 1n the first
preferred embodiment, on the sub-image blocks and align-
ment marks corresponding thereto, respectively, thus per-
forming position compensation on the respective pixels in the
respective sub-image blocks.

Therefore, 1n accordance with the present invention, the
reproduction of hologram data, which can effectively prevent
a degradation of reproduced picture quality due to linear/
nonlinear distortion of an entire 1mage, can be realized 1n such
away that a dataimage 1s divided into a plurality of sub-image
blocks using a plurality of alignment marks and position
compensation 1s performed on the pixels of the respective
sub-image blocks.

As described above, the conventional method divides a
data image into equal parts the number of which 1s 1dentical to
the number of distorted pixels, and performs distortion com-
pensation by a pixel unit. In contrast, the present invention
finds the position values of the quadrilateral edges of a repro-
duced data 1image, calculates the average magnification error
values of respective pixels using the position values of the
quadrilateral edges, and compensates for the respective pixel
positions of the reproduced data image extracted using the
misalignment compensation values for the respective pixels
corresponding to the calculated average values. Alternatively,
the present invention divides a reproduced data image nto a
plurality of sub-image blocks using a plurality of alignment
marks that are inserted into and recorded in predetermined
regions 1n a reproduced image frame at the time of recording,
finds the position values of the quadrilateral edges of the
divided sub-image blocks, calculates the average magnifica-
tion error values of respective pixels within the sub-image
blocks using the position values of the quadrilateral edges,
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and compensates for the pixel positions of the divided sub-
image blocks using the misalignment compensation values
for the respective pixels that correspond to the calculated
average values. Accordingly, compared to the conventional
method using the oversampling technique, the present inven-
tion 1s advantageous 1n that 1t can not only realize the compact
s1ze and low price of a holographic reproduction system but
can also effectively prevent the problems of a reduction 1n
reproduction rate.

While the invention has been shown and described with
respect to the preferred embodiments, 1t will be understood by
those skilled 1n the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.

What 1s claimed 1s:

[1. A method of using a pixel compensation apparatus to
compensate for pixel distortion while reproducing hologram
data, which 1s recorded in a storage medium as an interference
pattern that 1s obtained through interference of reference light
with signal light that 1s modulated 1n accordance with the
data, the method comprising the steps of:

reading an 1mage frame from said storage medium to

obtain a reproduced 1mage frame;

said pixel compensation apparatus extracting a reproduced

data image from said reproduced image frame including
the reproduced data 1image and borders;
said pixel compensation apparatus determining position
values of edges of the extracted reproduced data image;

said pixel compensation apparatus determining position
values of start and end point pixels of line data based on
the determined position values of the edges;

said pixel compensation apparatus calculating average

magnification error values of pixels within the line data
based on the determined position values of the start and
end point pixels, wherein the average magnification
error values represent a ratio of a difference between a
s1ze of the extracted reproduced data image and an actual
data size to the actual data size; and

said pixel compensation apparatus compensating for pixel

positions 1n the extracted reproduced data image using
predetermined misalignment compensation values for
the pixels that correspond to the calculated average mag-
nification error values,

wherein the calculated average magnification error values

include an x-directional average magnification error
value and an y-directional average magnification error
value,

wherein the step of calculating the average magnification

error values includes the steps of:

calculating an x-directional magnification error value X

mag error and a y-directional magnification error value
Y mag error using the following Equations; and

X mag error=(x2-x1)-X data size

Y mag error=(y3-y1)-Y data size

calculating the degree of x-directional misalignment per
pixel x and the degree of y-directional misalignment per
pixel y using the following Equations,

x=X mag error/X data size

y=mag error/Y data size, and

wherein X data size 1s an actual data size 1n the x direction,
X1 1s the position value of the start point pixel in the x
direction, x2 1s the position value of the end point pixel
in the X direction, Y data size 1s an actual data size in the
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y direction, y1 1s the position value of the start point
pixel inthe y direction, and y3 1s the position value of the
end point pixel in the y direction.}

[2. The method of claim 1, further comprising the step of
differentiating data sections, which determine compensation
directions of the pixel positions, based on the position values
of the start or end point pixels and the calculated average
magnification error values,

wherein the respective pixel positions are compensated for

in accordance with the compensation directions of the
differentiated data sections.}

[3. The method of claim 1, wherein the predetermined
misalignment compensation values for the pixels are values
that are set to correspond to each of predetermined references
for average magnification error values, and are stored 1n a
table.}

[4. A method of using a pixel compensation apparatus to
compensate for pixel distortion while reproducing hologram
data, which 1s recorded 1n a storage medium as an interference
pattern that 1s obtained through interference of reference light
with signal light that 1s modulated 1n accordance with the
data, the method comprising the steps of:

reading an 1mage frame from said storage medium to

obtain a reproduced 1image frame;

said pixel compensation apparatus extracting a reproduced

data 1mage and alignment marks inserted into predeter-
mined positions from said reproduced image frame
including the reproduced data image and borders;
said pixel compensation apparatus detecting degrees of
misalignments of pixels within the reproduced data
image using the extracted alignment marks, and calcu-
lating misalignment correction values based on the
detection results:
said pixel compensation apparatus correcting pixel posi-
tions of the reproduced data image based on the calcu-
lated misalignment correction values, determining posi-
tion values of edges of the reproduced data image the
pixel positions of which are corrected, and determining
position values of start and end point pixels of line data
based on the determined position values of the edges;

said pixel compensation apparatus calculating average
magnification error values of pixels based on the deter-
mined position values of the start and end point pixels,
wherein the average magnification error values repre-
sent a ratio of a difference between a size of the extracted
reproduced data image and an actual data size to the
actual data size; and

said pixel compensation apparatus compensating for pixel

positions 1n the extracted reproduced data image using
predetermined misalignment compensation values for
the pixels that correspond to the calculated average mag-
nification error values,

wherein the calculated average magnification error values

include an x-directional average magnification error
value and a y-directional average magnification error
value,

wherein the step of calculating the average magnification

error values includes the steps of:

calculating an x-directional magnification error value X

mag error and a y-directional magnification error value
Y mag error using the following Equations; and

X mag error=(x2-x1)-X data size

Y mag error=(y3-y1)-Y data size
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calculating the degree of x-directional misalignment per
pixel x and the degree of y-directional misalignment per
pixel y using the following Equations,

x=X mag error/X data size

y=Y mag error/Y data size, and

wherein X data size 1s an actual data size 1n the X direction,
x1 1s the position value of the start point pixel 1n the x
direction, x2 1s the position value of the end point pixel
in the x direction, Y data size 1s an actual data size in the
y direction, y1 1s the position value of the start point
pixel in the y direction, and y3 1s the position value of the
end point pixel in the y direction.}

[S. The method of claim 4, further comprising the step of
differentiating data sections, which determine compensation
directions of the pixel positions, based on the calculated aver-
age magnification error values,

wherein the pixel positions are compensated for 1n accor-

dance with the compensation directions of the differen-
tiated data sections.]

[6. The method of claim 4, wherein the calculated average
magnification error values include an x-directional average
magnification error value and a y-directional average magni-
fication error value.}

[7. The method of claim 4, wherein the alignment marks
are formed at the predetermined positions 1n a boundary
region between the borders and the reproduced data image.]

[8. The method of claim 4, wherein the alignment marks
are formed at the predetermined positions in the borders.]

[9. The method of claim 4, wherein each of the alignment
marks has a 4x4 block size and a shape 1n which 2x2 on/oif
sub-blocks are alternately arranged.}

[10. A method of using a pixel compensation apparatus to
compensate for pixel distortion while reproducing hologram
data, which 1s recorded in a storage medium as an interference
pattern that 1s obtained through interference of reference light
with signal light that 1s modulated 1n accordance with the
data, the method comprising the steps of:

reading an 1mage frame from said storage medium to

obtain a reproduced 1mage frame;

said pixel compensation apparatus extracting a reproduced

data image and a plurality of alignment marks inserted
into predetermined positions from a reproduced image
frame 1including the reproduced data image, borders and
the plurality of alignment marks;

said pixel compensation apparatus dividing the extracted

reproduced data image 1nto a plurality of sub-image
blocks based on the plurality of extracted alignment
marks:

said pixel compensation apparatus determining position

values of edges of each of the sub-image blocks;

said pixel compensation apparatus determining position

values of start and end point pixels of line data based on
the determined position values of the edges;

said pixel compensation apparatus calculating average

magnification error values of pixels within the respec-
tive sub-image blocks, based on the determined position
values of the start and end point pixels, wherein the
average magnification error values represent a ratio of a
difference between a size of the sub-image block and an
actual data size to the actual data; and

said pixel compensation apparatus compensating for pixel

positions in the sub-image blocks using predetermined
misalignment compensation values for the pixels that
correspond to the calculated average magnification error
values,
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wherein the calculated average magnification error values
include an x-directional average magnification error
value and a y-directional average magnification error
value,

wherein the step of calculating the average magnification
error values includes the steps of:

calculating an x-directional magnification error value X
mag error and a y-directional magnification error value
Y mag error using the following Equations; and

X mag error=(x2-x1)-X data size

Y mag error=(y3-y1)-Y data size

calculating the degree of x-directional misalignment per
pixel x and the degree of y-directional misalignment per
pixel y using the following Equations,

x=X mag error/ X data size

y=Y mag error/ Y data size, and

wherein X data size 1s an actual data size 1n the x direction,
X1 1s the position value of the start point pixel in the x
direction, x2 1s the position value of the end point pixel
in the x direction, Y data size 1s an actual data size in the
y direction, y1 1s the position value of the start point
pixel inthe y direction, and y3 1s the position value of the
end point pixel in the y direction.}

[11. The method of claim 10, further comprising the step of
differentiating data sections, which determine compensation
directions of the pixel positions within the respective sub-
image blocks, based on the position values of the start or end
point pixels and the calculated average magnification error
values,

wherein the pixel positions are compensated for 1n accor-

dance with the compensation directions of the differen-
tiated data sections.]

[12. The method of claim 11, wherein each of the compen-
sation directions with respect to each of the data sections 1s
changed whenever a value, which 1s obtained by accumulat-
ing the calculated average magnification error values on the
position value of the start or end point pixel, reaches 0.5xn,
wherein n is an integer.]

[13. The method of claim 11, wherein the predetermined
misalignment compensation values for the pixels are values
that are set to correspond to each of predetermined references
for average magnification error values, and are stored 1n a
table.]

[14. The method of claim 10, wherein the alignment marks
are formed at the predetermined positions in a boundary
region between the borders and the reproduced data image at
predetermined intervals. ]

[15. The method of claim 10, wherein the alignment marks
are formed at the predetermined positions 1n the borders at
predetermined intervals. ]

[16. The method of claim 10, wherein each of the align-
ment marks has a 4x4 block size and a shape 1n which 2x2
on/off sub-blocks are alternately arranged.]

17. A method of reading data rvecovded as a holographic
image on an optical storage medium, comprising:

reading an image frame from the optical storage medium;

obtaining a reproduced data image having pixels and at

least one alignment mark using a 1:1 pixel matching
operation;

determining at least one misalignment correction value

based on the at least one alignment mark;
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producing an aligned data image by aligning the pixels of

the veproduced data image from a start point of origin
according to the at least one misalignment correction
value;

determining one ov more average values associated with

magnification errvor based on the at least one misalign-
ment correction value;

selecting a number of blocks on the aligned data image

based on the one or more average values;

mapping the one or more average values to one or more

misalignment compensation values; and

compensating pixels for each block based on the one or

movre misalignment compensation values.

18. The method of claim 17, wherein the blocks are selected
using points on the aligned data image wheve a fraction part
of accumulation of the at least one misalignment correction
value for the pixels in at least one divection becomes a pre-
determined value.

19. The method of claim 18, wherein the fraction part of

accumulation of misalignment correction value for the pixels
in rvespective vertical and horizontal divections becomes a
predetermined value.

20. The method of claim 18, wherein the predetermined
value is one of half a pixel and a pixel.

21. The method of claim 17, further comprising determin-
ing a direction of compensating the pixels.

22. The method of claim 20, wherein determining the direc-
tion of compensating the pixels comprises:

dividing the aligned data image into three data sections

starting from the start point of origin; and assigning
different compensation directions to adjacent sections.

23. The method of claim 17, wherein said determining at
least one misalignment correction value comprises determin-
ing a vertical (x) and a horizontal (v) misalignment correc-
tion value.

24. The method of claim 22, wherein determining a vertical
(x) and a horizontal (v) misalignment correction value com-
prises.

detecting a misalignment based on amounts of light in

pixels in vicinity of off-pixels ov on-pixels in the at least
one alignment marks; and

calculating the vertical (x) and the hovizontal (v) misalign-

ment correction value based on detecting the misalign-
ment.
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25. The method of claim 22, wherein determining one or
more average values associated with magnification ervor
comprises ascertaining a vertical (X) and the horvizontal (Y)
average magnification ervor per pixel value based on the
vertical (x) and a horizontal (v) misalignment correction
value.

26. The method of claim 24, wherein ascertaining a verti-
cal (X) and a horizontal (Y) average magnification evror per
pixel value comprises.:

calculating a vertical magnification evror value and a hovi-

zontal magnification errvor value based on position val-
ues of start and end point pixels; and

calculating a degree of a vertical misalignment per pixel

based on the vertical magnification error value and a
degree of a horvizontal misalignment per pixel based on
the horizontal magnification evvor value.

27. The method of claim 17, wherein the mapping between
the one ov more average magnification evvor per pixel values
and the one or more misalignment compensation values is
provided in a lookup table.

28. A method of reading data recorded as a holographic
image on an optical storage medium, comprising:

reading an image frame from the optical storage medium to

obtain a reproduced image frame, and at least two align-
ment marks;

photoelectrically converting the image frame using a 1.1

pixel matching operation, to obtain a rveproduced data
image, a border and at least two alignment marks pro-
vided in the image frame:

determining a vertical (x) and a horizontal (v) misalign-

ment correction value based on the alignment marks and
aligning the pixels of the reproduced data image from a
start point of ovigin and the misalignment correction
value, to obtain an aligned data image;

ascertaining a vertical (X) and a horizontal (Y) average

magnification evvor per pixel value based on the respec-
tive misalignment correction values and selecting a
number of blocks on the aligned data image based on the
average magnification evvor per pixel values;

mapping the X and Y average magnification ervor per pixel

values to a misalignment compensation value and per-
forming pixel compensation for each block using the
respective misalignment compensation value.
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