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Abstract

The mutilevel holographic data storage offers considerable advantage for capacity,

since it can store more than one bit

per pixel. In this paper, we search the number of codewords for each code depending on three conditions: (1) the number
of levels, (2) the number of pixels in a codeword, and (3) the minimum Euclidean distance of a code. Increasing the
number of levels per pixel creates more capacity, while causing more errors, by reducing the noise margin. Increasing the
number of pixels in a codeword can increase the code rate, which means more capacity, but increases the complexity of
the encoder/decoder of the code. Increasing the minimum distance of a code reduces the detection error, while reducing the
code rate of the code. In such a fashion, a system design will always have pros and cons, but our task is to find out an
effective one under the given conditions for the system requirements. Therefore, the numbers we searched can provide

some guidelines for effective code design.
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Table 1. The number of 2-level codeword patterns
according to the pixels/codeword and minimum
distance of the code.

Apin =5 | dpin =4 | dpin = 3
6P 2 4 8
8P 4 16 16
9p 4 16 32
10P 8 32 64
11P 16 64 128
oL 12P 16 128 256
13P 32 256 512
14P 64 512 1024
15P 128 1024 2048
16P 256 2048 2048
17P 512 2048 4096
18P 512 4096 8192
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Table 2.
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The number of 3-level codeword patterns
according to the pixels/codeword and minimum
distance of the code.

Apin =5 | dpin =4 | dpin = 3
6P 12 38 55
3P 50 241 363
9P 109 523 949
3L
10P 244 1339 2473
11P 560 3539 6544
12P 1305 A72 17468
¥ 3 =MD} FAHMZ[ w2 4-2Y ZEES £
Table 3. The number of 4-level codeword patterns
according to the pixels/codeword and minimum
distance of the code.
dmin =5 dmin =4 dmin =3
4P 9 20 29
5P 19 50 88
6P 47 166 281
4L
P 129 513 A1
3P 359 1761 3168
9P 1032 5948 27027
E 4 "M H2aelo w2 s-ed asg=el £
Table 4. The number of 5-level codeword patterns
according to the pixels/codeword and minimum
distance of the code.
dmin =95 dmin =4 dmin =3
4P 17 49 68
5P 50 153 247
5L 6P 154 578 o4
7P 514 2327 4135
8P 1762 9746 17437

Code rate

Code rates of 2-level modulation code by
varying the number of pixels in a codeword.
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Fig. 2. Code rates of 3-level modulation code by varying
the number of pixels in a codeword.
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Fig. 3. Code rates of 4-level modulation code by
varying the number of pixels in a codeword.
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Fig. 4. Code rates of 5-level modulation code by
varying the number of pixels in a codeword.
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Table 5. Codeword assignment of 4-level, 4 pixel, and

dpin =4
S;ni;; Output s;r;illif)l Output
0 0000 8 1313
1 0013 9 1331
2 0031 10 2002
3 0202 1 2020
4 0220 12 2033
5 0233 13 2222
6 1111 14 3100
7 1300 15 3113
E 6 4-°¥ 4"4M 4,75 & el mEQE £
Table 6. Codeword assignment of 4-level, 4 pixel, and
dpin=D.
Input

symbol Output

0 0000

1 0023

2 0230

3 0302

4 1333

5 2031

6 2103

7 2310
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Fig. 5. Block diagram of the simulation model.
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BER performance of the 4-level modulation
codes with d,,;,= 4 and 5.
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BER performance of the 4-level modulation
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