HomePNA 2.0 AlABIO|M FTF

HomePNA 2.0 AlA”RIOIA FTF YHH S o]l 235F s3]
otoa|E e

A @, H, A et odAd
TAAEdR JRFAAA T
A3} 1 02-826-7980 / A=E : 011-9723-94928

Implementation of Equalizer Algorithm using FTF Method for
HomePNA2.0 Systems

Byoung-Kwan Jun, Ki-Tae Park, Yoan Shin, Won Cheol Lee,
School of Electronic Engineering Soongsil University
E-mail : bkiun94@amcs.ssu.ac kr

B =E2 (FIMCS logic A2l 71 Aol o o] F7] Ay,

Abstract

=E2 HomePNA 20 Alx®o]A side] <&
L HAasls) 918 et AN Re2A A
E3 A$ W4 wE 53718 Fast RLS €38 &
¢! FTF (Fast Transversal Filter) €2 2l&& Al-&38
o T o A%E M3y, =g 3o REY

HES oj&3l= DFE (Decision Feedback
Equalizen) 98l 2 53715 F438t% oo di3 A5&

I }\12

H28e] 2 Aol PC 2f 57 Frlgoz
A @uelA o PCE ol e AEY B4, WES

AY, 22 FAAAY Y 4 $4x2aAY F

o
f 53 2L AMulas ATHE F A& UEY 748

A weto] ApHEm gk A dyEHz: g F o
EHNF A7/|ME o]&3 Power Line Communication

o
(PLO)E A% WA o g2 /el a75HAxR
Row, FME olfdM dATHI e Bluetooths
AR wehes 9lE H R ek ol d ol o
Bo AgHE ol &AM MU MEAYE FA3
Home Phoneline Networking Alliance (HomePNA)
b 1998 ol 2R AL oA HFH/UT 2
A& Eo] 1 Mbits/s ¢1 HomePNA 1.0¢] 5334

3o

=

I # 2o HomePNA 1.0% 84S 7HXAA A4
Eo] 4-32 Mbits/sQl 1459 HomePNA 20[1]e 7}
wejol X o Qlet,

HomePNA 20& Ad Aol wel fzx Jag A
gy ARE Aggd W
4MBaud QAM} 2MBaud FDQAM(Frequency Diverse
QAM)SE Tt FDQAME HZ 2 FHE XN=Z

E Fa5 49 o AGgozA Mg 54
Bt o tFH e FAeA ste deld £ A
A ME $71 i 2 HEdAMRE Hd 8 v EAX
TAEHAAZ] WFol] AFEL A A wgy F
2 4Mbits/sN A H-E H o 32Mbits/s 7+A] 7HE 3o
AMglel FogE TMHzoln Foe dide 475~
9.25MHzE AM&-3tuH1][2].

£ =72 HomePNA 20 Alz=#"9 5317 4% H
7bell B AF2 M, FTF €12 FS A48 5317
9} FTF9 NLMS(Normalized Least Mean Square) &
nYFL ¥Wesle A& DFEE 79, 2 4% ¢ 1
i B Eaz g

3

O. HomePNA 20 % - 4 Al2=

2% 12 HomePNA 209 AA 54 A2€{1]2]
& Yehixn doh a2¥s Zo] Ethernet packets W+
< A%+ HomePNA20 FZc ute} T3 g,

— 65 —



Ethernet Packet st

2Mbaud & &

L.

Framing ] Scrambler |-

Encoder

Notch

LI
[ HCS gen. J PAD gen.

Ethernet Packet

HCS check

Adaptive
PREAMBLEG4 algorithm

Filter
4Mbaud &' &
Np) . u

CHANNEL

DeScrambler et

DeFraming

= Equalizer

Filter

CRCIG gen.

n(t)

219 1. HomePNA 20 & - 49 72

YL AA AF9) Holre, EYdeR o]Fo]
An oL EL ttA] PREAMBLE649t FrameCtrl,
DA, SA, EtherType¥ 2 ¥ o 2t} PREAMBLEG4E
HomePNA 2.0 773 HAEo] ¢l= TRN16 4¥9
A%o7 olFojAEd), B ERAME o AITE i
Nug AME3tY F33Ade 93tk FrameCtrlf-&
23PE2E %7)383(SI : Scrambler Initialization),
HCS ( Header Check Sequence)S AA3IH, T Y
of $M&Hs A48 (PRI ¢ Priority), ¥33F @AE
ZA(PE : Payload Encoding)3lt=% 3o} =3l &
of 2aWEeE 3¢ VsE QAM EE FDQAM
o2 RB33Ee] xed, of o Huie EdHde] FE
& QPSKZ R 3351 dol2e BEE Ty e PE
ol wel 2Mbaud®l 4Mbaud2 A4 =S ZHzh
QPSK, 8PSKel A 256QAM7ZHA] chefdt Ad oy
s HYstx & 5ot

zd HuslFe] diojy €& 2 Msps Ei 4Msps
2l 1 A4 dele d3% Q A2 "olg d2 Yol
t}. 2 Msps dlol¥ g9 A& QAEY3S 4 Msps
deolg] 942 M3 4 Msps Hlolg @9 A$e 2
Msps ol & Z7jel 0707 vt =A4Ld o]
A A=A, HFEHoR 0 A4YL o) &3 8ul9

i

AA2e FozA P2Msps HolEEE A4 F o
HEo] ¢ 4MHz <! HEE T3S TMHzS 7Hze]
Fa4E T3A AER Eudch B =fdAMe B
g4 g F=34L &4 HomePNA 20 3o WA=
10749 Ad &4 FEIAUYL. AEE FHAF dol

B dol: WAZSAd FSAWGM] BRI, W
S Zo| o 4 MHz) 441 "ol lsid ¥H ¥

o 1 Ad dely d3 Q Ad dolg €& 7 o
LAE5 o] HFHo=z 2Mspset 4Mspsel A3 7 A
AEd, o] AEE F3/E AA Add o3 I =

FES RASEE §d. 53} ¥ 2 Msps dlolg g}
A$e adz 2338 #3933 4 Msps Holg &
9 ZAeE Zady sds EYde R2G e
G2 AZYL A 2 Msps HIolE €2 #Ed & 2
238 FYP3

m 53718 H¢ 38 duds

o2 z715E AR dHALE W) T
o dAg Fatel F3dE gg dA =t

Amy= w" (n) u(n) o))
A A F3E @3 vy g Qe AE
dm)Te] A4E FHAH F Az Adolg doly
), ol ol "Ele oe ghe] ®©rh
e(n)=d(n)— w"(n) wln) (2)
2 @A AAE ghel o3t A@)T Zol rHEA
e BAEA A

i re

wint1)= w(n)+m u(n)e'(n) (3)

A7IA pE FESFIH K19 S ZEd 4
(3)2 Normalized LMS @ 12]&9 71Fx 744 Ao
2A lEde ARy 4749 AFE T gz Yy
Fol Zoma duwkze LMS dxEdl & +3
457 HE FHEL AR dok A@)ed o8 B

— 66 —



HomePNA 2.0 AlAEM0|AM FTF

WHE 083 S| ¢12|E P

Fe aA A O A©), 3g
an)gs Hryg 5 S{ll‘\_— VEX e AAHIEE
FoH3].

n
Transversal filter s (1)
* with tap-weight b, (n)
vector a,, (n—1)
3y ()
n
Transversal filter 'I/M( )
* with tap—weight by (n)
vector ¢, (n 1) ﬁ (n)
. M
Input S
Transversal hlter
W- with tap— welghl Vu (")
vector k,, n 7M (n)
an
Transversal filter ()
*— with tap-weight e, (n)
vector wy, (n—1)
" £4in (M)

a¥ 2. FTF ¢xgdF +%

3.2. FTF(Fast Transversal Filter) ¢x28&
71%9 RLS(Recursive Least Square) &n# &L
da] el 002 FHYE &= W EX| g AAabo
BotA EFsiv: @de kA3 gk waA
HomePNA & ’é“?‘i? 5 ATHA Adel A4
%tk FTF €¢1nd&& fast RLS ¢1
49 RLSO) 9814 AuTE $I
£ W2y 74]"”*5 o] A[4] HomePNA&
53718 FE € A4S Fdo BaF ANDFHQ
FAE AEdg 5+ Aok 715} g G Fd vlA
G "HojAt: BHEL AT o} o A¢
rescue VFE BASA 71FEA & WP oRA
Behe % ivhBl 1Y 2 FTF ¢mgZFe) 72%

M

Aﬁ{)m&
o oot oz A

?:9.0

]

RoFq glon ¥ 1& FIFge S+ 7] 3§35 &
2 Ee] FALE HRY e 4714 N& 3

289 Y48 vehar,

#e dundg S5
LMS gxa& 2N
RLS ¢xa8& 2N“+6N
FLA (Fast Lattice Algorithm) 30N
FTF ¢x8 % ™N
SFTF (Stabilized FTF) ¢18& 8N
® 1A% gdueFe] 45 v

IV Aj¢t® NLMS¢ FTFE ] &3 DFE
(Decision Feedback Equalizer) % 3}7]

|nput_> Feedforward + f Decision

Fitter >/ Oevice
/Tt
FIF alogrithn |t o

é‘ N
Feedback /‘l
Fifter
training signal

NLMS alogrithm

29 3. NLMS$ FTFE ©/4% DFE 449
587 7a

DFEE 29 261t 2ol F38 4139 dzte
# UeHE 33t HEY 224 ©d GHE AL4F
TH719 2A%E EY + UEE sk oleld DFE
TZ9 Fivle Ado] v EAL %= AL
deel it FEE Z: du B =FdAE
DFEW}* ] F3718 989 Feedforward §-22 FTF
duelEg AMRslg 3 Feedback HE-& NLMSY 1
& AHEEY dAHoR HAELAY HTE AL F
28071 §3715 FAS S ool Feedback BB
FTFA 27%E 27139 o833 A4 EAE &
A7) A8 NLMS 3§ €2 Sg AMS 8o

LEEL

c=EdAME FIF 412 F& A4 3o »E o
8}71¢} Feedforward ¥ Feedback 22 FTF ¥ 1l
NLMS ¢xgEg H&3l= DFELAY 537
&S HomePNA 20 A2"9 HAE Adg 78
-’F"‘J Az HE3le ol diF T HAES =
A48E& 58 AHARUY. DFEE 29 3[6)3 o] J
33t ﬂo"! Hzx 539 L 4059 PREAMBL6G4
€ Mgt oA FeFEa »ﬂ°li‘: Ey4dy
T xR g8 AE"E AYEL dF5NER
A AHgEAY ©d "EE ARE §}7 R
FTF g dugEe FRYTE 0999, 439 o
= 8= A&l en, DFES] —?—.—‘:- Feedforward
9} Feedback ¥E 9 +HN+E Z+2 09999 0012
g, 4o ¥ A 89 7S AMgstgy. &
7kx F8719 ASHnE Ysd  E/ N g
SER (Symbol Error Rate)® ##stgrh o714 E,
AY Az A AuAE Jehdis, Ny/2e A7t
i 329 H7 dF¥elth Ad-e HomePNA 20 7
[1]01] BAE Ad #23 F kg 53 o9 Mg
FZ 58 May F37 folg FI: 28 Ay

irﬂ-‘?irim

ox TN ol

[u

0

r° N _I= el

— 67 -



gretenls =2 H25H AiE

I

th 948 AZe 4d¥go] 2 MBaud?! %49 Baud
3 H2 5 HEJA FHu 8 HERZ FAHAN AR
% 2562 ¢e ARgEtalt 9455 Ad FIx59
Fu2d) g ©d WE9 F3H719% DFETZ9 T3
7] 4% Hug ZAolry. 1A et o] DFEY A
o] By AHE A4 FIIEY o $5EE &
Q% = gk 1¥6L Ad FZ24 4 DFE 531719
Feedforward 2% Feedback #2& 9% #H$ €3
2&< 47 FTF-NLMS¢ 7Z-$9 NLMS- NLMS<!
Lol W A% wad Holvh FAFE HAW
Zzol =@ gAL 7Mx 1 Y= NLMS ¢3¢
Feedforward, Feedback %%l %ol 4% DFER
o FTF-NLMS ¢ 2232 ¥x2 3HE% DFEZ ©
> +5Ee & 5 Utk

V.2 &

B =Fod A HomePNA 20 Alad"e] HEE Ad
< 9% NEE 1\}%3}"1 DFE +&9] %3}7]9 FTF
2 NLMSH S guaFg Hgstd ofe e 53 4
£ Hlw, E4314 ﬁ‘ziql FAE 1079 HEE A
Z 71 587} oae F359 vl 5337 £l
3 2I25 Agste] MY B0 W T 4%S
uli stgeol, DFE 72 %ﬁmel 48 guelEow
Feedforward F#-& NLMS32 FTFE Feedback &
2 NLMSE H&3 A9 4 %—% vl s 2 gk A
Hog FTF-NLMS 2¢xd%4 34% DFEQ A%l
te 53714 v o$ $FEe ¢ F At 2y
‘Jr DFE¢] A1¢d FTFE e &L A ZAE 7HA

T Jon AAz Fgol ‘% A 2Agko] WAtad
5717} B&eA £ae B9t ARl AF rescue
& ZA3o FTF "44_31%9—1 A BFAE NET
HomePNA20 A2 37124 ¢ T8¢ 9
& 5 3e Aoz Algd

l

FaEd

[1] “Interface Specification for HomePNA 2.0, 10M8
Technology 207, Oct. 1999; available to members
of HomePNA, see http://www.homepna.org.

[2] Bisaglia, P. Castle, R.J. "Receiver architectures
for homePNA 2.0” Global Telecommunications
Conference, vol. 6, pp. 3723 -3727, Jan. 2001

{3] Haykin “Adaptive Filter Theory fourth edition,”
orebtuce Hall, 2002

[4] John. M "Fast, Recursive-Least~-Squares Transversal

IEEE Trans.

Acoustics, Speech, Signal Processing vol. ASSP-

Filters for Adaptive Filtering,”

32, no.2, Apr 1984.

[5] Dirk T. M. SLOCK, "Fast Transversal Filters
with Data Sequence Weighting,” IEEE Trans.
Acoustics, Speech, Signal Processng, vol. 37 no.
3 Mar, 1999.

[6] Balaji badide raghothaman, B.E., "Equalizers for
wireless and wireline digital communication”,
The university of texas at dallas, May,1997.

45
EaNo [dB]

a9 4 Ad FZL 5o 587 A M

EsfNo (48]

ag 5 A F= 2649 537 A% HE

T TTTTIT
Lt rrim

SER

20 35 40 a5 0 55 50
Eafa [48)

19 6. Ald 2204 DFE 4%H i

— 68 —



