US008290254B2

a2 United States Patent
Ou-Yang et al.

US 8,290,254 B2
Oct. 16, 2012

(10) Patent No.:
5) Date of Patent:

(54) GRAY LEVEL WEIGHTING CENTROID
METHOD FOR HOLOGRAPHIC DATA
STORAGE

(75) Inventors: Mang Ou-Yang, Hsinchu (TW); Yu-Ta

Chen, Hsinchu (TW)
(73)

Assignee: National Chiao Tung University,

Hsinchu (TW)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 285 days.

2D
(22)

Appl. No.: 12/756,470

Filed: Apr. 8,2010

(65) Prior Publication Data

US 2011/0182505 Al Jul. 28,2011

(30) Foreign Application Priority Data

Jan. 22,2010 (TW) i 99101760 A

(51) Int.CL
GO6K 9/00 (2006.01)
GO6K 9/64 (2006.01)
(52) US.Cl oo, 382/162; 382/279
(58) Field of Classification Search .................. 382/276,
382/279, 286, 288, 162, 100
See application file for complete search history.

10 [

References Cited

(56)

U.S. PATENT DOCUMENTS

6,697,316 B2* 22004 Burr ..o 369/103
7,848,595 B2* 12/2010 Ayresetal. .. 382/294
2010/0135550 Al*  6/2010 Arnon ... 382/128

* cited by examiner

Primary Examiner — Yon Couso
(74) Attorney, Agent, or Firm — Rosenberg, Klein & Lee

57) ABSTRACT

A gray level weighting centroid method for holographic data
storage is disclosed. Firstly, a first gray level image having a
plurality of blocks is received. Then, a convolution calcula-
tion is performed on a weight matrix and the image, so as to
obtain a second gray level image having a plurality of blocks
each having a gray level value. The gray level values are
divided into a bright gray level value and a dark gray level
value by a threshold value, so as to convert the second gray
level image into a thresholding image and find the positions of
the borders of the blocks corresponding to the bright gray
level value. Next, the blocks surrounded by the positions of
the borders and respectively used as a centroid block are
found by making the positions of the borders correspond to
the first gray level image. Finally, the centroid block is cal-
culated to obtain a centroid point.

16 Claims, 7 Drawing Sheets
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1
GRAY LEVEL WEIGHTING CENTROID
METHOD FOR HOLOGRAPHIC DATA
STORAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gray level weighting
centroid method, particularly to a gray level weighting cen-
troid method for holographic data storage.

2. Description of the Related Art

The major optical storage system in the market is a CD-R
machine, wherein the storage medium is CD or DVD. This
kind of system focuses laser light on an optic disc through an
object lens to bore holes, so as to program and record binary
data on the optic disc. But the optic disc is only 2-D recording
medium, the capacity of the optic disc is rather limited.
Besides, the transmission speed of the optical storage system
can’t meet the demand required. Although the storage capac-
ity of a hard disc drive is large, the data are transmitted to the
hard disc drive in a point-to-point method. Therefore, the
transmission speed of storage device has reached its limit and
is not able to meet the requirement of transmission speed and
storage capacity. However, holographic data storage technol-
ogy has the advantage of high capacity and high access. Also,
the recording medium for the holographic data storage tech-
nology is a 3-D recording medium, which transmits a whole
page per unit time during transmission process. For example,
the 1-TB data can be transmitted completely in around 8
seconds. Without doubt, the holographic data storage device
is a promising product having high performance in the next
generation.

The holographic data storage device has a strict require-
ment for optical quality and system adjustment. Since in high
speed transmission, the holographic data storage device is
affected by the noise such as aberration, thus the device is
difficult to be a marketable product. Even if the product is
existed, the price thereof is still very high, such as the holo-
graphic data storage product of Optware and Inphase Com-
pany. Refer to FIG. 1, the basic configuration of the holo-
graphic data storage device comprises a laser 10, a spatial
filter 12, a first lens 14, a splitter 16, a spatial light modulator
18, a second lens 20, a storage medium 22, a third lens 24, a
reflector 26, and a 2-D sensor 28. After the laser 10 emits a
laser light, the laser light is passed through the spatial filter 12,
the first lens 14, and the splitter 16 in sequence, and then the
splitter 16 splits the laser light into a reference beam 30 and an
object beam 32. Wherein the reference beam 30 moves
toward the reflector 26, and the object beam moves toward the
spatial light modulator 18. The reflector 26 reflects the refer-
encebeam to the storage medium 22. Besides, the spatial light
modulator 18 can add the encoding code information to the
object beam 32, and then the object beam 32 moves toward
the storage medium 22. Finally, the object beam 32 interferes
with the reference beam 30 to form a set of interference
patterns, whereby the interference patterns are stored on the
storage medium 22. Then, the object beam 32 is shielded, and
the reference beam 30 left will read out the information from
the storage medium 22. After the reference beam 30 is emitted
into the storage medium 22, the diffraction light originated
from the reference beam 30 is emitted onto the 2-D sensor 28.
However, the aberration influence for the holographic data
storage device can result in the distorted image received by
the 2-D sensor 28.

In view of the problems and shortcomings of the prior art,
the present invention provides a gray level weighting centroid
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method for holographic data storage, so as to solve the afore-
mentioned problems of the prior art.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a gray
level weighting centroid method for holographic data storage,
which performs a convolution calculation on a weight matrix
and gray level values of an image, so as to find an anchor point
for each bit of the image received by a 2-D sensor. The anchor
points can prevent the original image from being distorted
and out of focus.

To achieve the abovementioned objective, the present
invention provides a gray level weighting centroid method for
holographic data storage, comprising the steps of receiving a
first gray level image having a plurality of first blocks each
having a first gray level value; performing a convolution
calculation on a weight matrix and the first gray level values,
s0 as to obtain a second gray level image having a plurality of
second blocks each having a second gray level value; choos-
ing a threshold value and dividing the second gray level
values into a first bright gray level value and a first dark gray
level value by the threshold value, whereby the second gray
level image is converted into a thresholding image; finding
the positions of the boundaries between the first bright gray
level value and the first dark gray level value on the thresh-
olding image and defining the positions of the borders of the
second blocks corresponding to the first bright gray level
value; making the positions of the borders correspond to the
first gray level image, so as to find the first blocks surrounded
by the positions of the borders and that are used respectively
as a centroid block; and performing a calculation on the first
gray level values and coordinates of the first blocks of each
centroid block, so as to obtain a centroid point respectively.

Below, the embodiments are described in detail in coop-
eration with the drawings to make easily understood the char-
acteristics, technical contents and accomplishments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically showing a holographic
data storage device according to the prior art;

FIG. 2 is a flow chart of the steps of a weighting centroid
method according to an embodiment of the present invention;
and

FIGS. 3(a)-3(r) are diagrams schematically showing the
steps of an image according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the holographic data storage device, a 2-D sensor is used
to receive an enlarged gray level image. However, a confused
problem is how to restore the gray level image correctly. The
image received by the 2-D sensor is affected by the amplifi-
cation, the noise, and the random error of theholographic data
storage device. Therefore, in one of the restoring steps. the
coordinates of the anchor points on the received image are
determined to restore the pixel size of each signal. Below is
the introduction of the gray level weighting centroid method
of the present invention. The method is used to obtain the
above-mentioned anchor points, which help the gray level
image be restored correctly.

Refer to FIG. 2 and FIGS. 3(a)-3(n). In Step S10, a first
gray level image having a plurality of first blocks is received,
wherein the gray level depth and the largest gray level of the
first gray level image are N bits and 2™-1, respectively. Each
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of the first blocks has a first gray level value G, %, G55 . . .,
G yf respectively. The first blocks can be black blocks or
white blocks, whereby the first gray level image has a plural-
ity of black blocks and a plurality of white blocks. The num-
ber of the black blocks and the white blocks is equal. Also, the 5
black blocks and the white blocks arranged into a checker
board is used as an example. Besides, the first gray level
image is a square array of HxW, wherein H and W are natural
numbers. For example, as shown in FIG. 3(a), which is the
square array of 6x6 used as the first gray level image 34 10
having the 36 first blocks 36, wherein each of the first blocks
36 respectively has a first gray level value G,,”, G,,%, .. .,and
G, The first blocks 36 are black blocks or white blocks,
wherein the black block is the block having hatches and the
white block is the blank block. Also, the black blocks and the 15
white blocks are arranged into a checker board.

Next, in Step S12, a convolution calculation is performed
on a weight matrix and the above-mentioned first gray level
values, so as to obtain a second gray level image having a
plurality of second blocks. Each of the second blocks respec- 20
tively has a second gray level value M,,”, M., ..., and
M(H_,V,JFI)(W_,,H)I, wherein the weight matrix is a matrix of
mxn. The weight matrix is

25
ay aiy st Al
ay az,
Anl G2 "t Qi 30

wherein the values of the weight matrix are arbitrary inte-
grals, and m, and n are all natural numbers.

Each of the second gray level values is obtained from the
formula (1):

/ ! 1 !
My =an XG +ap XG4+ .. 4+ 0, XGpy

I ! ! '
Mpy =ay X Gy +ap X Gis + ...+ ayy X Gy

/ / / /
My = au X Gy + a2 X Gy + .+ G X G,

In Step S12, the weight matrix moves from the first block of
the first column of the first row of the first gray level image to
the first block of the last column of the first row in order,
wherein the weight matrix is calculated with the first gray
level values corresponding to the first blocks surrounded by
the weight matrix in each position that the weight matrix
moves; after the weight matrix is calculated with the first row,
the weight matrix moves to the next row of the first blocks and
repeats above-mentioned movement and calculation until the
weight matrix moves to the first block of the last column of the
last row of the first gray level image and finishes above-
mentioned calculation.

For example, as shown in FIG. 3(b). the weight matrix 38
is a matrix of 2x2. The weight matrix 38 is
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As shown in the left most figure of FIG. 3(b), the weight
matrix 38 is positioned on the first block 36 of the first column

65
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of the first row. Because the first blocks 36 surrounded by the
weight matrix 38 have the first gray level values G,%, G,./,
G,,”, and G,,, the second gray level value M, | used as the
second gray level value of the second block of the first column
of the first row is obtained from the formula (2). Then. the
weight matrix 38 moves to the first block 36 of the second
column of the first row. Similarly, the second gray level value
M, used as the second gray level value of the second block
of the second column of the first row is obtained from the
formula (3). By the same token, the weight matrix repeats
above-mentioned movement and the calculation continu-
ously. When the weight matrix 38 moves to the first block 36
of the sixth column of the first row, the second gray level value
M, used as the second gray level value of the second block
of the fifth column of the first row is obtained from the
formula (4), as shown in the most right figure of FIG. 3(b).

I_ 1 I I I ”
M, '=a1,1xG 1+ XG0+ XGop 02X 6oy 2
I 1 I I I ”
My5'=011xG 1o 401X G 1374071 XGoy +a2XGo3 3)
I_ 1 I I I ;
My s'=0a11xG 1y +a %G5 +a3XGog +a0xGos )

After the first row of the first blocks 36 are all calculated,
the weight matrix 38 moves to the first block 36 of the first
column of the second row, as shown in the left most figure of
FIG. 3(c). The second gray level value M, ’ used as the
second gray level value of the second block of the first column
of the second row is obtained from the formula (5). Similarly
to the above-mentioned movement and calculation, when the
weight matrix 38 moves to the first block 36 of the sixth
column of the sixth row, the second gray level value M, used
as the second gray level value of the second block of the fifth
column of the fifth row is obtained from the formula (6), as
shown in the most right figure of FIG. 3(c).

I_ 1 I I I "
M, =0, X Gy +a15%Goy +5 XG4, G (5)

oy

/ _ ! / I
Mg -mitw-ny = 01 X Gy panyw—ry + 012 X Glorpriywonety + -+ Gmn X G-y

/ _ I / I
My miriow-niny = @11 X Gl iy wnit) + A2 X Gl mayW i) + o F G X Gy

Mss'=ay ;xGss'+a15%Gsg+a2 X Ges anxGed (6)

When the convolution calculation is finished, the second
gray level image 40 having 25 second blocks 42 each having
a second gray level value M,,”, M,/ . . ., and M is
obtained, as shown in FIG. 3(d).

After Step S12, Step S14 is executed. In Step S14, a thresh-
old value is chosen and all second gray level values are
divided into 1 and 0 by the threshold value, wherein 1 and 0
are respectively used as a first bright gray level value and a
first dark gray level value. Accordingly, the second gray level
image is converted into a first thresholding image, wherein
the second gray level value, which is larger than the threshold
value, is converted into the first bright gray level value; the
second gray level value, which is smaller than the threshold
value, is converted into the first dark gray level value. For
example, in the preceding paragraph, the second gray level
image 40 having the 25 second blocks 42 is converted into the
first thresholding image 44, as shown in FIG. 3(e).
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Next, in Step S16, the positions of the first boundaries
between the first bright gray level value and the first dark gray
level value are found on the first thresholding image. Because
the first thresholding image shows the bright blocks and the
dark blocks clearly, the positions of first boundaries are easily 3
found. For example, as shown in FIG. 3(f), the positions of the
first boundaries 46 on the first thresholding image 44 are
represented by a thick line.

Next, in Step S18, the positions of the first borders of the
second blocks corresponding to the first bright gray level
value is defined by the positions of the first boundaries. For

10

example, as shown in FIG. 3(g), the positions of the first 25
borders 48 on the first thresholding image 44 are represented
by a thick line.

Next, in Step S20, the first blocks surrounded by the posi-
tions of the first borders and respectively used as a first cen-
troid block are found by making the positions of the first
borders correspond to the first gray level image.

Next, in Step S22, upon finding out the first centroid block,
the calculation is performed on the first gray level values and
coordinates of the first blocks of each first centroid block by
utilizing the formulas (7) and (8), so as to respectively obtain
a first centroid point.

e = ]y X Gl +xfy xGly + .+ xh GLY M
(G +Gh+.. +G) 40
Gley) = L XGl +yL X Gl + .+ ¥LGL) 8
g (Gl + Gl 4 Gl
45

Wherein G’c(x) is a horizontal coordinate of the first cen-
troid point, G'c(y) is a vertical coordinate of the first centroid
point, each first gray level value of the first centroid block is
respectively G,,%, G,,%, . .., G,,7, a horizontal coordinate of
each first block of the first centroid block is respectively x %,
Xishsooos X, ql, and a vertical coordinate of each first block of
the first centroid block is respectively y,, ", y,5% .. ., ¥,

The above-mentioned first centroid point is the centroid
point of the white block. Then, below is the description of
calculating the centroid points of black blocks by referencing
the above-mentioned method.

Firstly, in Step S24, the positions of the black blocks are
interchanged with the positions of the white blocks, whereby
the first gray level image is converted into a third gray level
image having a plurality of third blocks each having a third
gray level value G, 7, G ,”, .. ., and G,,,,”". Also, the third
gray level image is a square array of HxW, and H and W are
all natural numbers. For example, as shown in FIG. 3(h),
which is the square array of 6x6 used as the third gray level
image 50 having the 36 third blocks 52, wherein each of the
third blocks 52 respectively has a third gray level value G,,”,
G,," ..., and G4,". The third blocks 52 are black blocks or

60

65

I 1 I 1l
Mll =4yl XGM +a12><G12 + ... +amn><Gmn

6

white blocks, wherein the black block is the block having
hatches and the white block is the blank block. Also, the black
blocks and the white blocks are arranged into a checker board.

Next, in Step S26, the convolution calculation is performed
on the weight matrix and the above-mentioned third gray
level values, so as to obtain a fourth gray level image having
aplurality of fourth blocks. Each of the fourth blocks respec-
tively has a fourth gray level value M, 7, M,,”, . . ., and
M(H—m+1)(W—n+1)II'

Each of the fourth gray level values is obtained from the
formula (9):

i i I 1

M = a1 X G +apXGp3 + o4 Gy X Gy
i it i "

My =i X Gy +an XGp + oo+ Gun X Gy

I i I i
Mg e tyw—ry = G110 X Gy ety w—n) + @12 X Gty ity wW—ps1) + -+ + G X Gryew_y)

i _ 1 i i
Mg nw—nen) = A X Gl yw—ne 1y + A2 X Gl tywons2) + - + G X Gy

In Step S26, in this step of performing the convolution cal-
culation on the weight matrix and the third gray level values,
the weight matrix moves from the third block of the first
column of the first row of the third gray level image to the last
column of the first row in order, wherein the weight matrix is
calculated with the third gray level values corresponding to
the third blocks surrounded by the weight matrix in each
position that the weight matrix moved, after the weight matrix
is calculated with each column of the first row, the weight
matrix moves to the next row and repeats above-mentioned
movement and calculation until the weight matrix moves to
the third block of the last column of the last row of the third
gray level image and finishes above-mentioned calculation.

For example, as shown in FIG. 3(i), the weight matrix 38 is
a matrix of 2x2. The weight matrix 38 is

[au iz }

an an |

As shown in the left most figure of FIG. 3(i), the weight
matrix 38 is positioned on the third block 52 of the first
column of the first row. Because the third blocks 52 sur-
rounded by the weight matrix 38 have the third gray level
values G,,”, G,,”, G,,” and G,,", the fourth gray level value
M, " used as the fourth gray level value of the fourth block of
the first column of the first row is obtained from the formula
(10). Then, the weight matrix 38 moves to the third block 52
of the second column of the first row. Similarly, the fourth
gray level value M, ,” used as the fourth gray level value of the
fourth block of the second column of the first row is obtained
from the formula (11). By the same token, the weight matrix
repeats above-mentioned movement and the calculation con-
tinnously. When the weight matrix 38§ moves to the third
block 52 of the sixth column of the first row, the fourth gray
level value M, .” used as the fourth gray level value of the
fourth block of the fifth column of the first row is obtained
from the formula (12), as shown in the most right figure of
FIG. 3(i).

u_ I b/4 1 big
My =0y %G P40 5% G 5+ X G 4,65

(10)
_ I 1 1 1
My =0, %G )" +a)xG 13 45 X G +apx Gag

(1n

7 )4 )4 )74 b/
Mys7=a1,xG 14 +a15%G 5+ XGog +a20% G5 (12)
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After the third blocks 52 of the first row are all calculated,
the weight matrix 38 moves to the third blocks 52 of the first
column of the second row, as shown in the left most figure of
FIG. 3(j). The fourth gray level value M,,” used as the fourth
gray level value of the fourth block of the first column of the
second row is obtained from the formula (13). Similar to the
above-mentioned movement and calculation, when the
weight matrix 38 moves to the third block 52 of the sixth
column of the sixth row, the fourth gray level value M, ” used
as the fourth gray level value of the fourth block of the fifth
column of the fifth row is obtained from the formula (14), as
shown in the right most figure of FI1G. 3()).

a_ V4 i V4 4 .
M7 =0 %G 45X G+ XG 31 +855% G5 13)

a_ )4 )4 )4 )ig \
Mss"=a,xGss5" +a, %G54 +a7xGgs +a7:xGgé (14

When the convolution calculation is finished, the fourth
gray level image 54 having 25 fourth blocks 56 each having a
fourth gray level value M, \”, M,”. . . ., and M.,” is
obtained, as shown in FIG. 3(k).

After Step S26, Step S28 is executed. In Step S28, all fourth
gray level values are divided into 1 and 0 by the threshold
value, wherein 1 and 0 are respectively used as a second bright
gray level value and a second dark gray level value. Accord-
ingly, the fourth gray level image is converted into a second
thresholding image, wherein the fourth gray level value,
which is larger than the threshold value, is converted into the
second bright gray level value; the fourth gray level value,
which is smaller than the threshold value, is converted into the
second dark gray level value. For example, in the preceding
paragraph, the fourth gray level image 54 having the 25 fourth
blocks 56 is converted into the second thresholding image 58
by using the threshold value, as shown in FIG. 3(/).

Next, in Step S30, the positions of the second boundaries
between the second bright gray level value and the second
dark gray level value are found on the second thresholding
image. Because the second thresholding image shows the
bright blocks and the dark blocks clearly, the positions of
second boundaries are easily found. For example, as shown in
FIG. 3(m), the positions of the second boundaries 60 on the
second thresholding image 58 are represented by a thick line.

Next, in Step S32, the positions of the second borders of the
fourth blocks corresponding to the second bright gray level
value is defined by the positions of the first boundaries. For
example, as shown in FIG. 3(n), the positions of the second
borders 62 on the second thresholding image 58 are repre-
sented by a thick line.

Next, in Step S34, the third blocks surrounded by the
positions of the second borders and respectively used as a
second centroid block are found by making the positions of
the second borders correspond to the third gray level image.

Next, in Step S36, the calculation is performed on the third
gray level values and coordinates of the third blocks of each
second centroid block by utilizing the formulas (15) and (16),
s0 as to respectively obtain a second centroid point.

Slege) (el X G+l X Gy .+ X1 GOD) 13)
clx)=
Gl +Glh+... + Gl
. OLL X Gl +yh X Glh + o+ 33 Gy (16)
c(y)=

(Gl +chh+...+GlL)

Wherein Gc(x) is a horizontal coordinate of the second
centroid point, G”c(y) is a vertical coordinate of the second
centroid point, each third gray level value of the second
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8
centroid block is respectively G, %, G,,7, . . G, q”, a
horizontal coordinate of each third block of the second cen-
troid block is respectively x, 7, x,,7, . . ., X, qU ,and a vertical
coordinate of each third block of the second centroid block is
respectively y,, ", v, 7, Ly,

The second centroid point is the centroid point of the black
block.

Finally, in Step S38, the coordinates of the first centroid
point and the second centroid point are consolidated to obtain
atotal centroid point. The total centroid point not only has the
positional information of the first centroid point and the sec-
ond centroid point but it is also used as the anchor point for the
image received by the 2-D sensor. The anchor point is used to
reduce the requirement for image quality and image align-
ment of the optical system. In other words, as to the holo-
graphic data storage of high quality, the original image is still
prevented from being distorted and out of focus by using the
lower cost optical system in cooperation with the method
provided by the present invention. Therefore, the gray level
image received by the 2-D sensor is restored correctly.

In the above-mentioned steps, Steps S24-S38 can be omit-
ted. The first centroid point can be calculated and used as the
anchor point for the image received by the 2-D sensor
whereby the original image is prevented from being distorted
and out of focus.

In conclusion, the present invention performs a convolu-
tion calculation on the gray level values of the received image
by using a weight matrix, so as to find an anchor point of each
bit for the image received by a 2-D sensor. The anchor points
can prevent the original image from being distorted and out of
focus.

The embodiments described above are only to exemplify
the present invention but not to limit the scope of the present
invention. Therefore, any equivalent modification or varia-
tion according to the shape, structures, characteristics and
spirit disclosed in the present invention is to be also included
within the scope of the present invention.

L)

What is claimed is:
1. A gray level weighting centroid method for holographic
data storage, comprising steps of:

establishing a processor and a 2-D sensor for receiving a
first gray level image;

receiving said first gray level image having a plurality of
first blocks each having a first gray level value;

performing a convolution calculation with said processor
on a weight matrix and said first gray level values, so as
to obtain a second gray level image having a plurality of
second blocks each having a second gray level value;

choosing a threshold value and dividing said second gray
level values into a first bright gray level value and a first
dark gray level value by said threshold value, whereby
said second gray level image is converted into a first
thresholding image;

finding positions of first boundaries between said first
bright gray level value and said first dark gray level value
on said first thresholding image and defining positions of
first borders of said second blocks corresponding to said
first bright gray level value;

making said positions of said first borders correspond to
said first gray level image, so as to find said first blocks
surrounded by said position of said first borders and used
respectively as a first centroid block; and

performing a calculation with said processor on said first
gray level values and coordinates of said first blocks of
each said first centroid block, so as to obtain respectively
a first centroid point.
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2. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein
said first gray level image is a square array of HxW, each
said first gray level value is respectively G, ., G/, . . .,
and G,,;7, and said weight matrix is a matrix of mxn;
said weight matrix is

an Gz o Qi

ay oy,

Anl Gm2 ~ O

wherein values of said weight matrix are arbitrary integrals,
and H, W, m, and n are all natural numbers.
3. The gray level weighting centroid method for holo-
graphic data storage according to claim 2, wherein
each said second gray level value is respectively obtained
from following formulas:

M{} = ay X Gy +ap X Gl + .o+t X Gy

| _ ! / I
My = ai X Gly + 412 X Gls + .+ G X Gl
! 4 1 ! .
M21 =day] XG21 +(112><G22 +.ot Gy XG'm+1)n,

I
M(Hferl)(an) =

! I ! .

ar X G iw-n) T U2 X Gy W) ¥ -+ + G X G-y

and

!
M(H—mﬂ)(w—m) =

/ i !
a1 X Gy i1y wontt) A2 X Gty ity wons2) + oo+ G X Gy,

wherein each said second gray level value is respectively
M, M/, ... and M(H—m+1)(W—n+l)I'
4. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein
in said step of performing said convolution calculation of
said weight matrix and said first gray level values, said
weight matrix moves from said first block of a first
column of a first row of said first gray level image to said
first block of a last column of said first row in order,
wherein said weight matrix is calculated with said first
gray level values corresponding to said first blocks sur-
rounded by said weight matrix in each position that said
weight matrix moves; after said weight matrix is calcu-
lated with each column of said first row, said weight
matrix moves to a next row and repeats above-men-
tioned movement and calculation until said weight
matrix moves to said first block of said last column of a
last row of said first gray level image and finishes above-
mentioned calculation.
5. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein
said first centroid point is obtained from following formu-
las:

! ! ! i ! !
o) = (X XG +X1, XG + ... +ququ); and
(Gli +Gla+...+GL)
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-continued
(%Gl +ylyx Gl + ... +y;)qG§;q)

G'e(y) =
(Gl +Gly+ ...+ GL)

wherein Gc(x) is a horizontal coordinate of said first centroid
point, G’c(y) is a vertical coordinate of said first centroid
point, each said first gray level value of said first centroid
block is respectively G, /%, G/, . . ., G, 7, a horizontal
coordinate of each said first block of said first centroid block
is respectively x,,”,x,,, ..., X,/ and a vertical coordinate of

each said first block of said first centroid block is respectively

Y I
YirsYizeoo o5 Ypg e

6. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein

said second gray level value, which is larger than said
threshold value, is converted into said first bright gray
level value; said second gray level value, which is
smaller than said threshold value, is converted into said
first dark gray level value.

7. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein

said first bright gray level value is 1 and said first dark gray

level value is 0.

8. The gray level weighting centroid method for holo-
graphic data storage according to claim 1, wherein

said first blocks are black blocks or white blocks, whereby

said first gray level image has a plurality of said black
blocks and a plurality of said white blocks.

9. The gray level weighting centroid method for holo-
graphic data storage according to claim 8, wherein

said black blocks and said white blocks are arranged into a

checker board.
10. The gray level weighting centroid method for holo-
graphic data storage according to claim 8, further comprising
steps of:
interchanging positions of said black blocks with positions
of said white blocks, so as to convert said first gray level
image into a third gray level image having a plurality of
third blocks each having a third gray level value;

performing a convolution calculation of said weight matrix
and said third gray level values, so as to obtain a fourth
gray level image having a plurality of fourth blocks each
having a fourth gray level value;

dividing said fourth gray level values into a second bright
gray level value and a second dark gray level value by
said threshold value, whereby said fourth gray level
image is converted into a second thresholding image;

finding positions of second boundaries between said sec-
ond bright gray level value and said second dark gray
level value on said second thresholding image and defin-
ing positions of second borders of said fourth blocks
corresponding to said second bright gray level value;

making said positions of said second borders correspond to
said third gray level image, so as to find said third blocks
surrounded by said positions of said second borders and
used respectively as a second centroid block;

performing a calculation of said third gray level values and
coordinates of said third blocks of each said second
centroid block, so as to obtain respectively a second
centroid point; and

calculating said first centroid point and said second cen-
troid point to obtain a total centroid point.
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11. The gray level weighting centroid method for holo-
graphic data storage according to claim 10, wherein
said third gray level image is a square array of HxW, each
said third gray level value is respectively G, %
G.% ..., Gy, and said weight matrix is a matrix of
mxn; said weight matrix is

aiy ap
azl

ml Gm2 " G

wherein values of said weight matrix are arbitrary integrals,
and H, W, m, and n are all natural numbers.
12. The gray level weighting centroid method for holo-
graphic data storage according to claim 11, wherein
each said fourth gray level value is respectively obtained
from following formulas:

M=y x Gl +apx Gl + ..+ 4w x G

i i il noo
Miy = a1 X Gy + a1 X Gy + .4 Qo X Gy 15

i i1 i e
My = ay X Gy +ap X Gy + oo+ gy X Gy

i
M (H-m+1)(W-r) =

i i il .
At X Gy iy + U2 X Gy Wit ¥ -+ Gon X Gy

and

i
Mg i1 Wors1) =

i il i
a1t X Gl oma )Wty A2 X Gl 1)) + oo G X Gy,

wherein each said fourth gray level Value is respectively
M, ML and M yom= n+1) .
13. The gray level weighting centroid method for holo-
graphic data storage according to claim 10, wherein
in said step of performing said convolution calculation of
said weight matrix and said third gray level values, said
weight matrix moves from said third block of a first
column of a first row of said third gray level image to
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said third block of alast column of said first row in order,
wherein said weight matrix is calculated with said third
gray level values corresponding to said third blocks sur-
rounded by said weight matrix in each position that said
weight matrix moves; after said weight matrix is calcu-
lated with each column of said first row of said third gray
level image, said weight matrix moves to a next row and
repeats above-mentioned movement and calculation
until said weight matrix moves to said third block of said
last column of a last row of said third gray level image
and finishes above-mentioned calculation.

14. The gray level weighting centroid method for holo-

graphic data storage according to claim 10, wherein
said second centroid point is obtained from following for-

mulas:
i} i II Of
G”c(x): ()»11><G11 +x17><G12 MGW) and
i ’
Gh+ch+..+ qu)
ey IOl oGl + sty
Gl +6h+...+Gl)

wherein G”c(x) is a horizontal coordinate of said second
centroid point, G¥c(y) is a vertical coordinate of said second
centroid point, each said third gray level value of said second
centroid block is respectively G,,, G,", ..., G, a
horizontal coordinate of each said third block of sald second
centroid block is respectively x,,”, x,,%, ..., x,., and a
vertical coordinate of each said thlrd block of said second
centroid block is respectively v, ™. v, . . ., ”
15. The gray level weighting centroid method for holo-
graphic data storage according to claim 10, wherein
said fourth gray level value, which is larger than said
threshold value, is converted into said second bright gray
level value; said fourth gray level value, which is smaller
than said threshold value, is converted into said second
dark gray level value.
16. The gray level weighting centroid method for holo-
graphic data storage according to claim 10, wherein
said second bright gray level value is 1 and said second

dark gray level value is 0.



