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ABSTRACT

A holographic data storage (HDS) has some advantages of high storage capacity, fast transmission, and short
access time. However, there are two major concerns with the system which are two-dimensional (2D)
inter-symbol interference (ISI) and inter-page interference (IPI). Thus, this paper proposes a 4-level 6/9

modulation code which mitigate inter-symbol interference (ISI).

I.M 8 o] A"k 1 dlolelrt FZaale] A e

Al 274% Hlo]x]e] 9= 7 F3fa H7] wiEell ]

22099 dloJe] AAA2~" (holographic data e A ST 5 Sk (&, dlole] A
storage system, HDS)> Ewlol]l A W5 #4sh= 3 - g Skl W do|AE AR g, 18
715 AA#=2](CD, DVD, BD)4 2171715 27 2= 32 gk go]Ael B2 Hlole & AR I8 S}
(hard disk drive, HDD)®R= th2A] vje] A|4s| ¢ e}y wak 2319 sllolx] whel Als A} Pt
o|E) & A|Aslr| witel] A4S dA] FHAA 7] wse] dlofe] AEEe gk vl ST 4 9l
= oich o] wiel]l A 71=(near field recording, o} 71&9] dloe] #|ARkx| e} 7ho] Frlol] AW E |
NFR)¢|*} SUPER_RENS (Super - REsolusion sk dlofe] A A 2 2R/-E W =
Near-Field Structure)®} §7 M 33715 A 274 Q9lo] olgAlE7E 7H4 (inter-symbol interference,
2 A7E 3 itk HDSE= 7123} ziAo] dHlo)#] wt¢] ISDe|zhd HDS= #lo|#] == wjade] Ao 3
2 o FoJRA BR & Hlo]A |7} 7iA]= F vl E Fe} v} A 2wA AMAS] wstel A selA7t A
ZE31E 23 $o] Fo ' A v E xAg- (inter-page interference, IPI)o] Zxigci™ z2]w

5 o] S 20134E ARG A0 FHATARES] A0S wo} 535 7] 20741319 (NRF-2013R1A1A2059077).
¢ First Author : Soongsil University, School of Electronic Engineering, kimbs@ssu.ac.kr, 3}3J3]$]
°  Corresponding Author : Soongsil University, School of Electronic Engineering, zlee@ssu.ac.kr, £413]%
* Soongsil University, School of Electronic Engineering, pkhroma@gmail.com
=3 D KICS2014-09-359, Received September 25, 2014; Revised October 1, 2014; Accepted October 1, 2014.

574

www.dbpia.co.kr



=i F2adE doly AFAAE 413 49d 69 WETE

slel] 12 HolelE 2n 9] il 1517k 2%
dom dEE Tk oldl AL Ag- 7P 2 IS1E
oévg_ﬂ_t; /\O]-pg.v_ 0 (L 1) er/ulc;] 1 (j.Q_ 0) ﬁlHlE_
2 Eel Aot 22 v HA " (isolated
pixel patterns)@]\:]-I4 9 HDS7} HelgMael A=
Zske] wdat 2ake] wdo] IARE 749 ke @l
He] AlEo] 3le] wde] AEeA Ad A&
2F)A "}, wheba] wEe] 7o) ISIE 0171
Slalixl= 29w Al 2ste] i Al <l
A5 A solof dheh I3 18 4l A
%, 0 Al 3 Zalo] Qlgiste] o3k LAl 2 ISI
2 WSk efolek

el T3 13} o] A 0 AEwh 4
3 AlEo] lA sl Alslo] WIS UEE 7] ¢
o Hzres AGSEh D9l 2 el
AKEL 4-2 619 =] thato] Amich M
ot Aselold 274 2 Aok el o)

VAo A= ¢F ko] A3} ulglo g A=ZS i)
II. Mok 4-22 6/9 HERS
g o] 7P 4 gl A2e] EF7} 4-ee]m

2 qi=EE 7 ¥ (el 00, 01, 10, 11)E 3hte] 4]
B2 vheth O3 2+ 3 x3 s ZEE 10}
Al W] A WS BolErh o7le] Ak
dloel7} g5 =]of 97He] A wloTel 2 3 x3 wjde]
Fel FEA Hv, & Zefeis F PReE
HAA Qe (@, e, 1) $1719] HASE {0, 1, 2, 3)
dple] Aol & 4 glrk vpriA] AASE (1, 2} @
W] Alerk 7hssiek o] shd QiR W%l a
F 13} Zo] 0 AT} 3 AlEe] o Rsh= 7397 A7
A A =k,

a9 3¢ % ﬂtﬂ

a0} e 301 °Vd'6}7<l e s g
th o] & 13 xﬂ°P51 W2 RS = oD-ISIE 2k} &
ek Agksl WEPTe] F=EL 0.667(=6/9)°]H
SJ‘J/H]D]— 4/31:1]15 = ]iﬁh‘,].
H|E)9] §l dlolel= ¥ 49} 2]
9 4*%91 =4 Frr 2 Hxoh WA, a, al, a
= Bo, By, Bsoll 22 AU E 1-1 d-$=] 2, 3% 1]
= w1 el Wt a3 B17 Bs JAdel dlldehe
AESS 3L, = B9t Beoll, asi= Bs®t Byl
7Vt 3 17} 7ro] 7+ w Ao AlEgke] Aexlcl. B2
al

A dlofe] W Ipe] 1:1 i mhAe| . Wz

Ali (12

—E

1 2 2 1 0 2
2 0 3 2 3 1
0 1 1 2 1 1

Fig. 1. Examples of severe ISI in four-level HDS

a b C 0123| 12 1,2
d e f 12 |0123| 12
g h i 12 12 10123

Fig. 2. Structure of a codeword in the proposed modulation
code

l:l Codeword 1
0123 12 12
l:l Codeword 2

0123 12 12 0123 12 12 12 12 0123

12 0123 12

12 0123 12 12 0123 12 0123 12 12

12 12 0123 12 1.2 0123 12 0123 12

12 12 0123

Fig. 3. Example of codewords

Output Data

Input Data
Bo B1 B2
ao [ai|a|as|a4|as Bs Bs Bs
Bs B7 Bs

Fig. 4. Structure of encoding scheme.

Table 1. Symbol mapping rule
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Fig. 5. Simulation model
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Fig. 6. BER comparison of the proposed modulation code
according to SNR

=== Random, channel out
6/9 4-ary, channel out
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Fig. 7. BER comparison of the proposed modulation code
according to blur
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Fig. 8. Mis-alignment performance of the proposed
modulation code according to SNR
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Fig. 9. Distribution of the proposed modulation code
symbols
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