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67 ABSTRACT

A gray code encoding and decoding method applied to holo-
graphic storage devices is proposed. The encoding method
uses gray levels of a 2D detector to encode a certain amount
of original bits of the original data, and then sends them to a
spatial light modulator (SLM) for encryption. The decoding
method corrects the received gray levels to the original gray
levels, and then compares the maximum gray level with the
original gray levels to decode the original gray level into
binary data. The proposed encoding and decoding method
can better make use of storage locations of the 2D detector
and get a code rate close to 1.
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GRAY CODE ENCODING AND DECODING
METHOD APPLIED TO HOLOGRAPHIC
STORAGE DEVICES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the invention

[0002] The present invention relates to a gray code encod-
ing and decoding method and, more particularly, to a gray
code encoding and decoding method applied to holographic
storage devices.

[0003] 2. Description of Related art

[0004] Holographic storage devices make use of a kind of
optical storage technique to store a large amount of binary
data, and have high transmission speeds.

[0005] As shown in FIG. 1, U.S. Pat. No. 6,549,664 dis-
closes a holographic storage device to store data. This holo-
graphic storage device comprises a spatial light modulator
(SLM) 16, an optical component 13, and a storage medium
20. The SLM 16 has a page 18 with millions of pixels. A
signal beam 10 carrying data is encrypted by the SLM 16 and
1s then illuminated onto the storage medium 20. A reference
beam 12 is also incident upon the storage medium 20 to
interfere with the signal beam 10 and generate an interference
pattern that is recorded in the storage medium 20. The page 18
can thus be stored as a hologram in the storage medium 20.
[0006] FIG. 2 shows a prior art apparatus for retrieving a
holographically stored page from the storage medium 20. As
shownin FIG. 2, an address beam 15 identical to the reference
beam 12 is incident upon the storage medium 20 to produce
animage beam 22. The image beam passes through an optical
component 21 and is then incident upon a 2D detector 24. The
2D detector 24 has detector pixels 26, which can produce
electronic signals corresponding to the received image beam
22. Therefore, holograms stored in the storage medium 20 can
be built on the 2D detector 24.

[0007] Next, the 2D detector 24 decodes the received holo-
gram. The condition for determining “0” or “1” of the 2D
detector 24 disclosed in the U.S. Pat. No. 6,549,664 is
achieved by predefining the number of 1’s in the hologram.
The remaining regions are all 0’s. There are no error correc-
tion rules between blocks. This manner, however, wastes part
of recording positions of the 2D detector for encoding. More-
over, the problem of code rate exists.

[0008] Accordingly, the present invention aims to propose
a gray code encoding and decoding method more perfectly
applied to holographic storage devices so as to solve the
above limits and drawbacks in the prior art.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
gray code encoding method and decoding method applied to
holographic storage devices. The proposed methods encode
original bits of original data according to a third-dimension
gray level of a 2D detector, correct wrong gray levels to
original gray levels, and decode them to get original binary
data, thereby reducing errors when performing error correc-
tion code (ECC) to the 2D detector, lowering the probability
of exceeding the minimum correctable range of ECC, and
enhancing the data storage capacity of the storage area. The
problem of code rate can thus be improved, and no more than
four storage locations of the 2D detector will be wasted.

[0010] To achieve the above object, the present invention
provides a gray code encoding method applied to holographic
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storage devices, which comprises the steps of: providing a
binary original data having a plurality of original bits; adding
a first start bit, a second start bit and an end bit into the binary
original data to form a bit array, defining gray levels of the first
start bit, the second start bit, and the end bit respectively as a
first start gray level gray(1), a second start gray level gray(2),
and an end gray level, wherein gray(1) and gray(2) differ by
a certain gray level A; and retrieving a certain amount of the
original bits from the original data and performing gray code
encoding to this certain amount of the original bits according
to the first start bit, the second start bit, the end bit, gray(1),
gray (2), and the end gray level.

[0011] To achieve the above object, the present invention
also provides a gray code decoding method applied to holo-
graphic storage devices, which comprises the steps of: defin-
ing a maximum gray level, a first start gray level gray(1), and
a second start gray level gray(2) with gray(1) and gray(2)
differing by a certain gray level A; receiving a gray level data
and correcting the gray level data to original gray levels
according gray(1), gray(2) and the maximum gray level;
decoding the original gray levels into a binary original data
according to the maximum gray level by determining the
original data to be a binary digit of “1” when the original gray
level is larger than a half of the maximum gray level and
determining the original data to be a binary digit of “0” when
the original gray level is smaller than a half of the maximum
gray level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The various objects and advantages of the present
invention will be more readily understood from the following
detailed description when read in conjunction with the
appended drawing, in which:

[0013] FIG. 1 shows a prior art apparatus for holographi-
cally storing a data page;

[0014] FIG. 2 shows a prior art apparatus for retrieving a
holographically stored page;

[0015] FIG. 3 is a flowchart of the gray code encoding
method applied to holographic storage devices of the present
invention;

[0016] FIG. 4 is a bar chart of bit versus gray level of the
present invention; and

[0017] FIG. 5 is a flowchart of the gray code decoding
method applied to holographic storage devices of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] FIG. 3 is a flowchart of the gray code encoding
method applied to holographic storage devices of the present
invention. Reference is made to FIG. 3 as well as FIGS. 1 and
2. The encoding method of the present invention discloses the
encoding process before binary data are transmitted to an
SLM 16 for encryption and then translated into bright and
dark dots. A page 18 of the SLM 16 is assumed to be able to
store data of n pixels. A 2D detector 24 is assumed to have N
bits, and thus has 2¥ gray levels. The maximum gray level is
2N_1.The gray level 2~ is the threshold of “0” and “1” of the
original data.

[0019] First, a binary original data having a plurality of
original bits (e.g., 01011 . . . ) is provided (Step S1). A first
start bit b(1), a second start bit b(2), and an end bit b(n) are
then added into the binary original data to form a bit data array
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(Step S2). The first start bit b(1), the second start bit b(2), and
the end bit b(n) are known, and their gray levels are a first start
gray level gray(1), a second start gray level gray(2), and an
end gray level gray(n), respectively. The gray(1) and gray (2)
differ by a certain gray level A. Next, a certain amount of the
original bits are retrieved from the binary original data (Step
S3). The total bit number of this certain amount of the original
bits, the first start bit, the second start bit, and the end bit is
smaller than or equal to the bit number n of the page 18 of the
SLM 16. Ifthere are remaining original bits, they are reserved
in the bitdata array (Step S4). Subsequently, gray code encod-
ing is performed to this certain amount of original bits accord-
ing to the first start gray level gray(1), the second start gray
level gray(2), and the end gray level gray(n) (Step S5).
Finally, the original bits that have been gray code encoded are
transmitted to the SLM 16 for encryption (Step S6).

[0020] The gray code encoding rules for this amount of
original bits will be further illustrated below. A bit of this
amount of the original bits and its subsequent two adjacent
bits are assumed to be b(i), b(i+1), and b(i+2), and gray levels
ofb(1), b(i+1) and b(i+2) are defined as gray(i), gray(i+1) and
gray(i+2). Assume that the first start bit b(1)=0, the second
start bit b(2)=0, and the end bit b(n)=0.

[0021] A. When gray(2)>gray(1), i.e., gray(2)=gray(1)+A,
the following gray code encoding rules need to be met:

[0022] I Ifb(i)=b(+1), then gray(i+1)=gray(i)xA:
[0023] Ifb(i)=b(i+1)=0, then gray(i+1)=gray(i)+A;
[0024] Ifb(i)=b(i+1)=1, then gray(i+1)=gray(i)-A.

[0025] 1II. If b(1)=b(i+1), then gray(i+1 )~the maximum
gray level-gray(i)=(2"-1)-gray(i):

[0026] If b(i)=0 and b(i+1)=1, then gray(i+1)~(2"-
1)—gray(i);
[0027] If b(i)=1 and b(i+1)=0, then gray(i+1)=(2"-
)-gray(i).
[0028] B. When gray(2)<gray(1), i.e., gray(2)=gray(1)-A,
the following gray code encoding rules need to be met:

[0029] I Ifb(i=b(i+1), then gray(i+1)=gray(i)+A:
[0030] Ifb(i)=b(i+1)=0, then gray(i+1)=gray(i)-A;
[0031] Ifb(i)=b(i+1)=1, then gray(i+1)=gray(i)+A.

[0032] II. If b(i)=b(i+1), then gray(i+1)~the maximum
gray level-gray(i)=(2"-1)-gray(i):

[0033] If b(i)=0 and b(i+1)=1, then gray(i+1)~(2"-
1)—gray(i);
[0034] If b(i)=1 and b(i+1)=0, then gray(i+1)~(2"-
D)-gray(i).
[0035] With the above two encoding rules A and B, gray
levels in transition situations are defined. That is, each origi-
nal bit b(i) has 2V gray levels, and four gray thresholds, a first
gray threshold th,, a second gray threshold th,, a third gray
threshold th,, and a fourth gray threshold th,, O<th, <th,<2"~
1 <th,<th,<2"~1, are defined for these 2" gray levels. FIG. 4is
a bar chart of bit versus gray level of the present invention, in
which:

[0036] 1. When b(i)=b(i+1), if the gray level gray(i)
exceeds the threshold, i.e., gray(i)(Jth, or th,[Jgray(i)
<M1 or 2% <gray(i)<th, or th,[gray(i)<2”-1, then
gray(i+1)=gray(i).

[0037] II. When b(i)=b(i+1)=b(i+2), if gray(i}=gray(i+
1)th, or thy>2Y, then gray(i+2)=gray(i+1)+A.

[0038] III. When b(i)=b(i+1)=b(i+2), if gray(i)=gray(i+
1)Oth, or thy<2™~", then gray(i+2)=gray(i+1)-A.

[0039] FIG. 5 is a flowchart of the gray code decoding
method applied to holographic storage devices of the present
invention. Reference is made to FIG. 3 as well as Figs. The
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decoding method of the present invention decodes the gray
level gray(i) received by the 2D detector 24. The 2D detector
24 has N bits, and thus has 2% gray levels with a maximum
gray level of 2V~1. In the decoding method, a maximum gray
level 21, a first start gray level gray(1), and a second start
gray level gray(2) are defined with gray(1) and gray(2) dif-
fering by a certain gray level A (Step S1). The 2D detector 24
then corrects the received gray level data to original gray
levels according to gray(1), gray(2), and the maximum gray
level 2¥-1 (Step S2). Next, the original gray levels are
decoded into a binary data (e.g., 0101 . . . ) according to the
maximum gray level (Step S3). When the original gray level
is larger than 2% (a half of the maximum gray level), the
original data is determined to be a binary digit of “1”; when
the original gray level is smaller than 2" (a half of the
maximum gray level), the original data is determined to be a
binary digit of “0”.

[0040] The decoding rules of the present invention for gray
levels will be further illustrated below. A gray level of the gray
level data and its two adjacent gray levels are defined as
gray(i), gray(i-1) and gray(i+1):

[0041] When Igray(i)-gray(i-1)I=A, if |gray(i)-gray(i-1)
|=Aor (2¥-1-gray(i))=gray(i+1), then gray(i)=gray(i-1)+A;
[0042] When (2-1-gray(i)=gray(i-1), if Igray(i)-gray
({+DI=ZA or (2V-1-gray(i))=gray(i+1), then gray(i}=2"-1-
gray(i-1).

[0043] With the above decoding rules, thresholds in transi-
tion situations are defined. There are 2" gray levels in the gray
level data, and four gray thresholds, a first gray threshold th;,
a second gray threshold th,, a third gray threshold th,, and a
fourth gray threshold th,, O<th, <th, <2~ <th, <th,<2"~1, are
defined for these 2" gray levels. A gray level of the gray level
data and its two adjacent gray levels are defined as gray(i),
gray(i-1) and gray(i+1):

[0044] When gray(i)=gray(i-1) and gray(i) is one of the
four gray thresholds but gray(i-2) is not one of the four gray
thresholds, then gray(i)=gray(i-2)=the threshold;

[0045] When gray(i-2)=gray(i-1)=th, and gray(i)<2",
then gray(i)=gray(i-1)+A;

[0046] When gray(i-2)=gray(i-1)=th, and gray(i)<2",
then gray(i)=gray(i-1)-A;

[0047] When gray(i-2)=gray(i-1)=th, and gray(i)>2",
then gray(i)=gray(i-1)+A;

[0048] When gray(i-2)=gray(i-1)=th, and gray(i)>2",
then gray(i)=gray(i-1)-A.

[0049] To sum up, the present invention discloses a gray
code encoding method and decoding method applied to holo-
graphic storage devices. The proposed methods make use of
a third-dimension gray level of a 2D detector for encoding
and decoding to reduce errors when performing error correc-
tion code (ECC) to the 2D detector, lower the probability of
exceeding the minimum correctable range of ECC, and
enhance the data storage capacity of the storage area. Not
only errors between pixels can be corrected, the problem of
code rate can also be improved. Moreover, storage locations
of the 2D detector won’t be wasted.

[0050] Although the present invention has been described
with reference to the preferred embodiment thereof, it will be
understood that the invention is not limited to the details
thereof. Various substitutions and modifications have been
suggested in the foregoing description, and others will occur
to those of ordinary skill in the art. Therefore, all such sub-
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stitutions and modifications are intended to be embraced
within the scope of the invention as defined in the appended
claims.

I claim:

1. A gray code encoding method applied to holographic
storage devices comprising the steps of:

providing a binary original data having a plurality of origi-

nal bits;
adding a first start bit, a second start bit and an end bit into
said binary original data to form a bit data array, defining
gray levels of said first start bit, said second start bit and
said end bit respectively as a first start gray level gray(1),
a second start gray level gray(2), and an end gray level
wherein gray(1) and gray(2) differ by a certain gray level
A; and

retrieving a certain amount of said original bits from said
original data and performing gray code encoding to said
certain amount of said original bits according to said first
start bit, said second start bit, said end bit, gray(1), gray
(2), and said end gray level.

2. The gray code encoding method as claimed in claim 1,
wherein the total bit number of said certain amount of said
original bits, said first start bit, said second start bit and said
end bit is smaller than or equal to the bit number of one page
of an SLM, and said certain amount of said original bits that
have been encoded are sent to said SLM.

3. The gray code encoding method as claimed in claim 1,
wherein if gray(2) is larger than gray(1), gray(2)=gray(1)+A,
a bit of said certain amount of said original bits and its sub-
sequent two adjacent bits are defined as b(i), b(i+1), and
b(i+2), and gray levels of said b(i), b(i+1) and b(i+2) are
defined as gray(i), gray(i+1) and gray(i+2).

4. The gray code encoding method as claimed in claim 3,
wherein when b(i)=b(i+1), gray(i+1)=gray(i)=A.

5. The gray code encoding method as claimed in claim 4,
wherein when b(1)=b(i+1)=0, gray(i+1)=gray(i}+A; b(i)=b(i+
1)1, gray(i+1)=gray(i)-A.

6. The gray code encoding method as claimed in claim 3,
wherein b(i)=b(i+1), gray(i+1)=the maximum gray level-
gray(i).

7. The gray code encoding method as claimed in claim 1,
wherein if gray(2) is smaller than gray(1), gray(2)=gray(1)-
A, a bit of said certain amount of said original bits and its
subsequent two adjacent bits are defined as b(i), b(i+1), and
b(i+2), and gray levels of said b(i), b(i+1) and b(i+2) are
defined as gray(i), gray(i+1) and gray(i+2).

8. The gray code encoding method as claimed in claim 7,
wherein when b(i)=b(i+1), gray(i+1)=gray(i)+A.

9. The gray code encoding method as claimed in claim 8,
wherein when b(1)=b(i+1)=0, gray(i+1)=gray(i)-A; when
b(i)=b(i+1)=1, gray(i+1)=gray(i)+A.

10. The gray code encoding method as claimed in claim 7,
wherein b(i)=b(i+1), gray(i+1)=the maximum gray level-
gray(i).

11. The gray code encoding method as claimed in claim 3,
wherein each of said original bits has 2" gray levels, and four
gray thresholds, a first gray threshold, a second gray thresh-
old, a third gray threshold and a fourth gray threshold, are
defined for the 2V gray levels, and O<said first gray
threshold<said second gray threshold<2™~"<said third gray
threshold<said fourth gray threshold<2™-1.

12. The gray code encoding method as claimed in claim 11,
wherein when b(1)=b(i+1), if gray(i)=said first gray thresh-
old, or said second gray threshold=gray(i)<2¥~', or
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<gray(i)<said third gray threshold, or said fourth gray
threshold<gray(i)<2”-1, then gray(i+1) gray(i).

13. The gray codeencoding method as claimed in claim 11,
wherein when b(i)=b(i+1)=b(i+2), if gray(i)=gray(i+1)=said
first gray threshold, or said third gray threshold>2"", then
gray(i+2)=gray(i+1)+A.

14. The gray code encoding method as claimed in claim 11,
wherein when b(i)=b(i+1)=b(i+2), if gray(i)=gray(i+1)=said
fourth gray threshold, or said second gray threshold<2™"!,
then gray(i+2)=gray(i+1)-A.

15. The gray code encoding method as claimed in claim 7,
wherein each of said original bits has 2% gray levels, and four
gray thresholds, a first gray threshold, a second gray thresh-
old, a third gray threshold and a fourth gray threshold. are
defined for the 2V gray levels, and O<said first gray
threshold<said second gray threshold<2"~"<said third gray
threshold<said fourth gray threshold<2™-1.

16. The gray code encoding method as claimed in claim 15,
wherein when b(1)=b(i+1), if gray(i)=said first gray thresh-
old, or said second gray threshold=gray(i)<2™, or
2™ ! <gray(i)<said third gray threshold, or said fourth gray
threshold=gray(i)<2"~!, then gray(i+1)=gray(i).

17. The gray code encoding method as claimed in claim 15,
wherein when b(i)=b(i+1)=b(1+2), if gray(i)=gray(i+1)=said
first gray threshold, or said third gray threshold>2""!, then
gray(i+2)=gray(i+1)+A.

18. The gray code encoding method as claimed in claim 11,
wherein when b(i)=b(i+1)=b(1+2), if gray(i)=gray(i+1)=said
fourth gray threshold, or said second gray threshold<2™*,
then gray(i+2)=gray(i+1)-A.

19. A gray code decoding method applied to holographic
storage devices comprising the steps of:

defining a maximum gray level, a first start gray level
gray(1), and a second start gray level gray(2) with gray
(1) and gray(2) differing by a certain gray level A;

receiving a gray level data and correcting said gray level
data to original gray levels according gray(1), gray(2),
and said maximum gray level; decoding said original
gray levels into a binary original data according to said
maximum gray level by determining said original data to
be a binary digit of “1” when said original gray level is
larger than a half of said maximum gray level and deter-
mining said original data to be a binary digit of “0” when
said original gray level is smaller than a half of said
maximum gray level.

20. The gray code decoding method as claimed in claim 19,
wherein a gray level of said gray level data and its two adja-
cent gray levels are defined as gray(i), gray(i-1) and gray(i+
1), when Igray(i)-gray(i-1)I=A, if Igray(i)-gray(i-1)|=A or
(said maximum gray level-gray(i))=gray(i+1), then gray(i)
=gray(i-1)+A.

21. The gray code decoding method as claimed in claim 19,
wherein a gray level of said gray level data and its two adja-
cent gray levels are defined as gray(i), gray(i-1) and gray(i+
1), when (said maximum gray level-gray(i))=gray(i-1), if
Igray(i)-gray(i+1)I=A or (said maximum gray level-gray(i))
=gray(i+1), then gray(i)=said maximum gray level-gray(i-
.

22. The gray code decoding method as claimed in claim 19,
wherein said gray level data has 2% gray levels, and four gray
thresholds, a first gray threshold, a second gray threshold, a
third gray threshold and a fourth gray threshold, are defined
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for the 2V gray levels, and O<said first gray threshold<said
second gray threshold<2"'<said third gray threshold<said
fourth gray threshold<2V-1,

23. The gray code decoding method as claimed in claim 22,
wherein a gray level of said gray level data and its subsequent
wwo adjacent gray levels are defined as gray(i), gray(i-1), and
gray(i-2), when gray(i)=gray(i-1) and gray(i) is one of said
four gray thresholds but gray(i-2) is not one of said four gray
thresholds, then gray(i)=gray(i-2)=threshold.

24. The gray code decoding method as claimed in claim 22,
wherein a gray level of said gray level data and its subsequent
two adjacent gray levels are defined as gray(i), gray(i-1), and
gray(i-2), when gray(i-2)=gray(i-1)=said first gray thresh-
old and gray(i)<2", then gray(i)=gray(i-1)+A.

25. The gray code decoding method as claimed in claim 22,
wherein a gray level of said gray level data and its subsequent
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two adjacent gray levels are defined as gray(i), gray(i-1), and
gray(i-2), when gray(i-2)=gray(i-1)=said second gray
threshold and gray(i)<2”, then gray(i)=gray(i-1)-A.

26. The gray code decoding method as claimed in claim 22,
wherein a gray level of said gray level data and its subsequent
two adjacent gray levels are defined as gray(i), gray(i-1), and
gray(i-2), when gray(i-2)=gray(i-1)=said third gray thresh-
old and gray(1)>2", then gray(i)=gray(i-1)+A.

27. The gray code decoding method as claimed in claim 22,
wherein a gray level of said gray level data and its subsequent
two adjacent gray levels are defined as gray(i), gray(i-1), and
gray(i-2), when gray(i-2)=gray(i-1)=said fourth gray
threshold and gray(i)>2", then gray(i)=gray(i-1)-A.

28. The gray code decoding method as claimed in claim 19,
wherein a 2D detector is used to receive said gray level data.

k ok ok %k %



