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ABSTRACT

In this paper, algorithms for equalizer and 2-state Viterbi detector for PRML (Partial Response Maximum Likeli-
hood) detector in DVDR (Digital Video Disk Recordable) system are proposed and implemented with FPGA (Field
Programmable Gate Array). The conventional PR (Partial Response) equalization methods derived under MMSE
(Minimum Mean Square Error) criterion show performance degradation due to high-frequency noise enhancement
effect of the equalizer for compensation of lowpass characteristic of an optical channel with an EFM-plus (Eight-
to-Fourteen Modulation-plus) coded input. The proposed equalization method achieves performance improvement by
effectively equalizing the channel output at the important points, i.e., zero-crossing points, which correspond to actual
recorded bits. Considering the speed limit of FPGA chip, the ML (Maximum Likelihood) detector is implemented
by 2-state Viterbi algorithm which has similar performance to the original 6-state Viterbi detector by selecting an
appropriate value of threshold for Viterbi detector. Following performance analyses of the proposed algorithms for
PRML detector with various computer simulations, the PRML detector is implemented by FPGA chip.

LM 2 A4 dloleie] A Ade] A FoA) A F
%3 RZ4s 1 gtk DVD(Digital Video Disk Ex
Hejn|t)e] FRFA AJUE Po|3ld tigFe) o Digital Versatile Disk)t> CD-ROM{(Compact Disk-ROM),

* gt MxpA7)F e (yscho@dsplab.ee.canac.kr) 334
=EHN T 1 98250-0619, H5UA: 1998 69 199

#E dFe NEATEATAY &Y WNEARol BEATZAPU(IAME : ISRC 96-E-2028)8} 97THE §ZFA7I7IQF 29 Q)
o8 FH=AFYh

www.dbpia.co.kr 3351



FZEA =52 98-12 Vol.23 No.12

LD(Laser Disk)o] |8 7|20 5wol AASE} SR
A G715 A 2N FE GA7E AR FF
& o|FAE VIR(Video Tape Recorder)?] &g thH)|
g Aoz oAkgct w3l VOD(Video On Demand), &
&3, AAAY FollA AMEE = vlr] e Ml g
Fo] dlelel & A#she ti&3e AAviAzl D43
o7 87HBE ol JFFRS lslel vEYA
sl ¥ F e MR dEvire] 7Sy
DVD7} F54Q 8L 938 Aoz A4=i12]

Fjxae A CD-ROMT} 22 ¢7] A& 3
27, 43 7188 Foxz, e 1By goang
v, 2 ndzsiel v U)E gt A3 @
W3] o] Fojaln Qlo] AFE 9 Hxre Axre F
g 3 Qiok sz difdshs AgURe 9
& Aok MIFUEE Foir] ddiMe dubg ¥
o|A & A3t dHlolEE 22 spot A7 E Y] E3he
U, &l ze] ZlFtr(Numerical Aperture : NA)Z
A st F spot 271E FAA sh= 9, EFM-plus
(Eight-to-Fourteen Modulation-plus) %3¢} o] 7j41%
Mz 3 7iAE PRML(Partial Response Maximum
Likelihood) 7 &'44& A8l WY B A4Hn
UTH3HS) & =Fore 7]E DVD-RAM &3¢ 2
"} 423221 47 GB9| DVDR(DVD Recordable)ol|A] 4l
A FEE 4 3= 71dE PRML Z&4S #Aoksin
©]& FPGA(Field Programmable Gate Array)s 733}
Tt DVDRA WHESEE faia Algse w3t
(phase change) 2ol Me 715A] 715 vp22t A ¢
Aol o8l ‘MA == vl X (mark edge)e] Hol7} A

€ F2A7le F28 AE(iten 2 Zg8lr, ole
7189 mrt 371l w68 & b5 JAAsA 9
TH3I6). wetd & AFelrE oz} AEel ik
JE PR F3pAE Asin 1 Asd B49
F FPGAR FH}L EF MLoA AMSS & HlE]
A&7 26.16 MHzo|A %23l DVDRojA 7@
o] y1glxE 2-state® A}EELAL 2-state H]E|H] Q]
A7l FIHE A ¥ ©] & FPGAR TH

=Rl g8 g ok 94 1EelM DVDR
Azge] AATxE hds] Awsta DVDRY Ay
o) 71 xndst Aexdd] waled Agiict Mo
A= DVDRel| #3st PR S22 #|ohstm, IV
oA 2state BEIM] dmElEe AvS A
T Sle AAe TEHHE 7Tk VM 2oy
& B8 A’k 7ol des B2 F ©]E FPGA
2 FEFIE vix|gto 2 VIMA ZES Wath

I1. DVDR AlAH 9 3o H

v B71E AX M do|H g whAel 7| &3}
2 olE A AMEE AL Gald FA A2
Al dlole] Medg It AR O 13 @ 88
Z2 vepd 4 9tk # 1S DVDR AlAw]e] 7F B
9] AlekE RoFr)h RS-PC(Reed-Solomon Product
Code)& Ab&dt= deigdd F3I3P|ECC)E St
UAY M= EFM-plusE ALE3 2R3 2353}
7](modulation code encoder)E ¥}l Fr)~A )
Hol] H3{ Mz e upyc

Modulatien

Video —] | MPEG ECC NRZI bRt LD
A/D ALY > Encoder Code Encoder e PEL
Audio —p| Encoder Encoder M N
Eg
PLL
K
Pick-up
Waobbted Signal
Video €— MPEG Modulation - N
DA fe— AV |e] chiﬁu le—|  code e D‘;’:::::’ Eqnatizer }a—{ ap ARr:
Audio 4—] Decoder Decoder : P

a8 1. OAY B1E - A Azde) BEE

Fig. 1 A block diagram of a digital optical recording system
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(a) symbol response (b) frequency response

3353



FZTEAE S| =82 ‘98-12 Vol23 No.12

A4 EFM-plus ¢ 413¢} DVD-ROM £3 dlolg]
€ AHgsted @ Adel JEEHI ojE SAs
e AdRYE vlas) 29 1§ 24 e upel
o] AEUE S=4.60] AFTE & + Utk

o dHegy wAd J|EEHE Y] BRES 1
5’-°‘¢°l S7HEAl Holok AT AANZE 18R o

F7F B F pits land Abo]e] A 7
/‘] 'l%ﬂ}ﬂ{} %7*@01] ofta] AA Hol7t ¥
Zo| HolAx|oA AP ¥ 1 A7 Ay
Al WAstslA =lof HolAlE o Fo] dAYEA €rt
ol g HolAElw BV|E AlzlY dFE AsiA)
= F8 adew diA Jen g o] mddy
HrH3).

> rlo

)J

o

A= 2 biglt—(ktz) T) ®)
AN e WREkD A YA WY @
= YEI®, e gy ap- B HERITE g(0e
;ﬂo]‘g‘a’gk— Wo=g()—g(t—T) AT 2
th A ()8 2AREste] vl 29 thga

A = D+ (D) = f} begl(t—kT)

N (6)
2 dig(t—kT)

A7 dy 2 —byol #E FSYrandom sequ-
ence)& VERATE TG 24 62 b g(t— kT o}
w3 o] ¥t

bkg(t— kT) = (ak—akvl)g(l—— kT)

= a,{g()~g(t—kT)} = a,h(D

)]

meb HolAele] @ dhFe My Fgow w
ALG sl e o) o "ol p(e)e] 4l
3 4y ¥AL dy=djal 2 FolAth

III. DVDR AlAHISl PR 37|
B715 Ade 718U=st FHESE nFs 9
Ao} ol AA Fasl Hol 715 delH Aol

ISI7} Z7lstAl €k ISIE BANEY) 9% dukaQl

3354

Y M e npy 49y F&& 5
1A =ol HA Alxd] o] AstETh PR %3'5}
WAHE Adel T B fAY BEESHES

ot FE71E& XS A Aawle) E4E BH
TR HIATIE HHog AR o YE e
T2 gA HESEHE 7R = U7l WEe F
T S 7S A2 plE 37)E A
of da) AMEE 3 ATHS)9L.

=il mefsta gle DVDR AlA®Rle 19y
2Cb)°ﬂ Vet SlRe] Nyquist 31422 11282 R
A Fuop gio]l FA3 adhe BA4S Zer
o] DVDRe] Fa4 B {48 $9% 2+ PR
Y2 (1+D)" (n2 00]4e] B4 Azt 1+3D
+30°+ D', 2+ D+ D+ D, B9 AYEH ey
5AE de tiygoln, o] F 53 tigao] ¥A
=% PR 879 Afe Ada A AASA o)
PR thatele] B3 Rz AaAor dd). Falr]e
A A ol Hgd Wg Algdlo]
T& 7 gled Alde S4E A 4 £ e A
Follv detdor Hegd Wwys etk 8¢ o
gy FYEEEE =R Bed ExE 7
= LMS ¢uelEe] ditdeg A EE Y LMS o
AEE TIEAget E37] HAT Alele] A
B A3 L2 HMean Square Error: MSE)7} 401
£5 3w MMSE 7|58 AHEslel §37)e] Al
ZPPCHIN10]. 1 32 A dnadEg Algdhe
PRML Ajx®le] B2 g vellia ok

Lo G
ot

a, € (01} q
Precoder Optical Equahizer Viterby
LM channel Detector
pus
e

8 3. PRML A]2sle] HE5
Fig. 3 A block diagram for a PRML system

el PR 044 % 1+D9) e EaHE
PRIS #7185 Adel §4% SAkse] 714 ged
F28 7] o £3] A5 Utk o] PR A
2ol o4 2euEe] A @ G (-1,
0, +1jolx 71%Be| AR BEE Telshd S3)
FHNE Gasse APolA tlole] WES} 0o
A 18 EE 194 022 Ho|stdd ZEHch 1Y 4

www.dbpia.co.kr



E&/DVDR Al2=%l4 PRML 32719 FPGA 3¢

£ MMSE 7159 LMS gaelgg A3 299 &
}F HPE EE Fei2 Holn gledl, a¥elA
B & ARl F33d o] A ARHAY o
= AR @AV IS & F Atk 53 M B8
FuAgM e F2rb & ojFolAA FSE & F
et ol 14D AIHER2} Mol Wshe £
oA mFo S wWel T3] wiEoltk % DVDR
Ade 23w 9ol d¥el Hedz B
rle nF 8L FHAFIHA A MSEE
&3t A7l Wgo ASE AANNA AFe
A MSEE ZHadd gAtt dAz Fa¢ 78
Fapge L38 Lt Axe dH#E ¥A "ot

3
E
kil

YN ‘,./\
R \
A

AN

(K
~l,‘

WA
ARSI

®)

O3 4. T3 Ase F3F Hdauol FAE ¥ (a) A
d 28 J% (b) S3E 235

Fig. 4 A comparison of eye pattemn between channel output
and cqualized signal : (a) channel output (b) equalized
signal

£ 2Bddie o2 BAE s & 9
Aol r el MSEE HAZAI e 53 WS AUde
o AHAE duaA et BAIEE 2R
SHE Ze FUNZE duy FHAA HEAT
= W3y Z3(Modified Equalization : ME) 2)o] 31,
A FENE S REAEG=EA 1) B &
< ezt B3bre] YAFE AT A9y B
3l(Selective Equalization : SE) ®}4]o|t}

ME oM e 230 88 1ha7)7] 93 &
dalze A28 Moy} #Ade= X F, JmALH
A -2 AR ANE IRE AARAFD YeAe
dgel Z71E a2 AERRth o} #AE Aoz
Ry o)

if 2,=0, then 24 1= (b1 +bs-2)/2 and 240 1= (bpsy+ b)/2
else 2k=bk+b§_| (8)

o] W& AM-3l F3l7] AE ANEA =HA A
o] REofre uFu Gio] FAhEA He] Jmat
Mol B3t golstA gk BE AHol9 H - RoA
deiel 14D HYahe= & gio] HARE dAz 5
A3 dmapyolxe] MSEZL haslr] wjEe BlEy]
A&7 Asg N F e Aotk o] Wy
¥ FdAEE PR th] 1+D+D+DE 1 AE
@A A Aok AopHog W wEY] HE7)
£ PRII+D)& 2AT 53 PR(1+D+D'+DY
Z e Aol

FolA ¥l SE w2 FHA B Molrl way
& ot F3rle) AFE AAATE WHoE o
e UA T MR e, & FEANZE HEATIR &
i AMg3he SEIs FAANZE W¥AJe SENR
e 4 Stk SEA HHoAE precoding®} 1+ D9
Aoz <3l DVDRE YHUWE 4,7} 1Y wiowt
FHAE 2,71 0o] Hrh web F&r) Aol 734l
& t&e) game)gel &) o] Fojmt,

if 2,=0, then w;. = w,+2ue;y, for k<isk+l

else, wisq = w, 9)

A7 wee B AT wE FRER al=2-20)
v aME, ye Ade] 2HANIE vt SEI
e FaAEe guay #- Sl dEAvE
122 Z2A71ed ole HEF wie o] PR(1+D

www.dbpia.co.kr 3355



FREA 8= Bx] 9812 Vol.23 No.12

+D D) 2 Ast Gok webd o] W st
7] A% ANe thee] el o8] o] Fo] Atk

lf 2k=01 then Wi = wit2uery; for k-2<<k+2
else,  wy. = wy (10)

71&2] MMSE 71&9] E37le AA 37 %3‘3}
BE B gl gFo] AA MSEE 34378

gt o] W Fuabde) nEsl LS Fels *@
AA7lEi 388 HAHQ Sadse] AiluEy

ez webd AR R R g Fa
719 e F e AAl olFe] ojdHer dg

T Ue o5 ‘ﬂ%ﬂ o) ytolzltk ME i
MMSE 7|58 AMgstAIRt by 2. -9 2lao
A7E FHaAA 1FG S PN B3
719l B AAAE 4 Avk SE WA FENE
% Helzb BAshe Ao AleE Ao 2N
¥ MSEZ} obd A dlole] HE F83 A%
& 3he daayeAe] MSES HagAge wae
Z 7138 vl g FNE F ded 53
SE-II W2 FRMZe] nF:a AP PAAIA
so] fEF WYyelet & Ak

IV. DVDRS| H|E{H| H&7I8

DVDRe| AF2¥ EFM-plus 3% RLL(2,10) 54
€ 27 "R vlgy HE&v)e] EdgA%(rellis
diagram)s= d A|g 278 TEFEA] K= 2708 A
gt T 67he] v EABHA €k ©)& FPGA
2 7¥E 79 ACS(Add Compare Select) 3 Y3t
oM e Aisol aPHo] MM DVDRe|
E2tEukeel 26.16 MHzolM AAIZE B213517]7) vl
+ oA "ok o EAE sids] Ysix 2719
BRI ALgEle 2-state BIEIY] HE7)d) s
B oA =FT3(H]. TS 1+ Dol tigh 2-state
Egglakod] EESH 2w (-2, 0, 2jelnng
B =(z4 +2)%
B =8 T =(2)%°)1 metrics®] F7IEE thSo
S0 o8 7 % slok

branch metricsi= g7t =(z, —2)%

Qrr1=min(B ", A+ Bi +)=min((zk:2)zv/\k+2%) (1D

Qir=min(8 . Ap+ 8 D=min(z} A+ (2,+2°) (12)

A7I Ay=Q, — Q) & Jehdt A= Azg 4
Aoty M 2-stateo] B2 47}R|7} EA| gl o]
ariel AE R AW 20E Az AWEd o,
o] ¥olel AZE difference path metric(Ays )2 #k
& 78 7 gt

Negative merge(m )olAly= —-—>—9F — 47} 4
opgh=tt. o]f A% AUDH H(12)RRE (z,—2)°
> At iRl 25> At (z,+2)P 0] E o B
Aok & A (2222 =— 42,44 9 A (2
(2,+2)? =—dz,—4 Welth. FAe] 2ol o %
sz Azte] 2Ae BAE F Utk AZE AL,
£ thg Aol ejala) ez,

Np1 = Qe — Qs = 2 H (22— (A y+ ZD =4Z,+ 4
(13)

vl Az BHmt, mt, mOel diEiME 2o
e A8t FestH B 29 2ok A mf#—
cross-overg VERIY, m's S ¢ Qe ASE
vepdoh B Aol ALE AR B eshol
ARgetE vlEY] ZE7|A o HE vEE A3
of A AL 8 4 gle] Halslk

H 2. merge A% w9
Table 2. Range for merge determination

Lag vi=rvp +Ze | Agey | merge
> ~Zpt+1 >+1 Zy—1 m'
a[~Z,—1, —=Z+ 11} el~1, +11 | —a, m
(=Zy1 (-1 Zyt+1 m

5 2904 w0 HAE 13 18 v)EeR skm 9l
U # =M o] ZlEaE BFElelal ik
o] 4A4cl BEE ZEIHY FS oFA 4Fe=
viell uhel webA 42 vk 1+D Adel BESHS
{—va. 0, vateban & wi. A (DA +—+ A
BIF AERUR (2, — v (At 250) "ok o] 4
g vl HeEH 24 v,/2(A /20,0 HAL
Af2viE AR AeElal Ae Felehd theat ¢
o] BAY 4 girk

3356 www.dbpia.co.kr



=&/DVDR A ~¥]§ PRML H%7]9 FPGA 78

Vo= Dyt 2o+ vg/2 (14)

A (9A v, /28 BEUR B F U F o,
7} 2, 1, 050" EEgke 1, 0.5, 0257} "t o7
A e BEEe o4 AR dgsHs
#oz ST AES ¢g& W geolvh ¥ =8
Ae y,5 12 1 SEEnz oAHel BEgLe 05
7 AR, dARe HANSA Fgol EHE U
7] g & S35t AdE 1+DE s 5338
2] 23] olghE AMEER 1Y Sl HJ cross-

0 0 0 0 0 1 O
o ME M4 M+ MC. MC M- M-

threahold « 0 3

@ iniomng gnal
—A— equaited sgnat

o>

i | I J

2 T T T T
37034 37038 aroas ar040 37042

(a) 0.5

O O o 0o 1 O
m+ m+ m+ mCc m- m-
245 T e T

o]
m-

g

hathoid » 0 35

| | M traming signal

~A— squalzed wgnal i
4 — - yh= ks deke 4
i

245 ST R | s | o

37034 37038 37038 37040 27042

(b) 0.35

2 5. BEg wEld o0& oF 33 (@ 0.5 () 035
Fig. 5 Error correction when the threshold value varies:
(a) 0.5 (b) 0.35

over7} Aol By o 2 ‘1’9l HZ ElojHle] =
ol Hgle] Hrh oleigt EAHS BEIE W
AZegd AFdY & ok aF SOEFE EE
£ 059A 0352 WAL AR 2F7F HAExR
UeE€ & & Utk A7 EEG 035 S=46
dollA] #3e] BER ZAHE ANES o 3§ gleg
Aoz F3lrlel 53533 DVDRA2gle] X
E{ 3ol uje} epzic

V. 29| ¥

2 AoMe FEAE 71 469 24 AdelN
9] ROHUE B8 AU B3P He HF
o] FEHUE AHET MEY 2EV|9 Heg B4
F, AE i vER HE&r|el FPGA T
digte] 71&gich

53709 e ed wE Ajxde] H5e ¥
g ¥ sode] Bx=g nisiy 742 By
3, AHg LMS duelgg A3l Asghg 7§
% ol 33719 Asz PN R 3L J]F9)
MMSE 7159 3]s AME-3-S ool il
Aol MSEE HAzslr] 913 B =EdA =g
waEe] A%e x| MSES dsatddlsel MSE
£ & vlustn vtk ¥ 322 5E AWGNYE &5
the 99 AEe 3 EAdte HS- 2% MES}
SE-IIe] #A| MSE¢} gt MSES] Adso| 7|&W4
B}t 98-S o 5 A SE19] Zfelie 7@
2o} A MSEx AA|W dxxt MSEe 2l "ot
AMHo B At WHEe] dmat MSES A
Fol $stA Jebds o 4 ik

B 3. 71&e] Fpias} Atd i A MSESH dm
A} MSES] M@
Table 3. Comparisons of total MSE and zero-crossing MSE
between conventional equalization method and
proposed methods

71&84| ME | SEI1 | SEI

SNR = 16dB,| 3% MSE(dB) | -11.56 | -18.16| -7.76 | -18.24
Jiter =0% | oy p2} MSE (dB) | -14.63 | -19.95 | -15.10 | -20.05

SNR =28dB, | 44 MSE(B) | -13.96 | 2008 | -9.35 |-19.69
Jiter = 15% | o322} MSE (dB) | -16.72 | -22.25 | -17.33 | -22.01
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Fig. 11 Results of timing simulation
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