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Training sequence in adaptive equalizer for digital power line carrier systems.
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Abstract
In this paper, we propose a training sequence for an adaptive equalizer for the digital power line carrier systems. We
present Wiener solution to adaptive equalizer. And evaluate the MSE convergence performance and BER performance by
computer simulation. It is shown that a 4PSK pseudo random symbol sequence using PN sequence generated by a
12-stage linear feedback shift register (LFSR) and a 64QAM random symbol sequence provide almost the same
convergence performance as the Wiener solution. Therefore 4PSK pseudo random symbol sequence can be applied to the
training sequence.
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Fig.1Transmission circuit of power line carrier system.

TRt EITo 72, WEBRFHI AW v v RV RSB
64QAM DT v H L VIR NVHRINE 1 737 — 2 &, PN(Pseudo
Noise)ZFNZ & 0 A=k L 7= 4PSK(4Phase Shift Keying)Z& 71>
VRN RINE 3 NE— 2 HEFT 488 — % W2 4PSK
BT v RNVRINE, BIEREY 7 b YA X (LFSR) O
Ein=8,10,8 XL OV 12 THAEIH7 320 PN RFITHEMLL
T T Vo H A RNV RFITH D, ZiLh v AL RS
TS (LR OIS M L T 5 L —=v T RINE,
BLOBER Bl oW TEFEBE 0 7 7 A LEF LD %
FAWTE A I 2 L—2 3 v &To T,

ZTORERE, 64QAM DT X L R VREIE, PNI2 BE
Z U= APSK UL T v # L AR VRSN, LMS Tu
U XA L B3R D MSE(Mean Square Error) &,

1.6



With out line trap

£(s9) g

I k(SS) l

2 FrRI)LETIVEICRAWEER

Fig.2 Transmission line used for channel modeling.
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Fig.3 Transversal filter.

Wiener fi# > MMSE(Mini-mum Mean Square Error) & 1%, 1%IX
[F— 72 EER L, BISEIRD & v THE M=21 & L2546
DOFH  TIRECH Wiener fif L 1ZIER—I12742 5 2 LAVRER
oo TOZEDD, WISELIRO L —=2 TEERFIIC
DWW, PNI2 BT X% 4PSK 82Ul T v & by VR VR S
ZHAVTH, 640AM DT & L VR VR & R 2R IR
RN OND Z LR EINT, S%OEBIICHTZY,
WIS DOXZE L —= o — o ZERKL, 2R
FEEAEKEROEG RN D EE X D,

FSCORERITILL T O X 912> T D, 5 2 FEITBW
TitEHS I 2L —2 3 VITHAWVWD T v U RLVETILVDE
NBIET 1 7 7 A V7R EITHOWTRS, & 3 =TI, it
\ZH W5 Wiener-Hopf 2L LMS 7 /0= U XA T
RD, 4 WCHERY I 2 b— v a VIR R
Toth, FHHEETELDD,

2. HE#IIAL—1avIZAWSAFYRILETIL

FEE I 21— a iAW TF Yy RLDETILE L
T, K2 IR THEEIICT A > 8T v 7RRES AT
TRVMBIRER Z AV, B D DS SCER) ToR L7 A INER R4S
fv, EEFDL RN L— k% 32ksymbol/s(31.25ps) (5%
JEEE 375kHZ \IZHRE LI OB EBE S 0 7 7 A L OETT
MEEITo T, 728, Bl ESLENBEY 27 7 4
JZINMABERA G TN TV e D, ZOERIES
T 7 AN SIRIEE L 0~2n DT o F LIRATAR & AR S,
100 34— DEFRRBIET 0 7 7 A VT — X K LTz,

EBIZ, O 100 XX = ODEFRIES 0 7 7 A VT —
A OHNL, BISELRRONREEICEEL b2 280
FIBIATHI R OB A2 R, B b EAEE & 720 5 K
FELLQLI Thol)DEFRELE T 07 7 A Va2 L, £
NEFAMABRELE a7 7 A Ve Lz, R 1ICFEEAE

®1 ENEERTOI7MIVEERERTOI7(IL

Table 1 Power delay profile and complex delay profile.

Power Complex
impulse response impulse response

M 0.8291 -0.356+j0.839
M, 0.1345 -0.076+j0.359
M, 0.0251 0.01-j0.123

M, 0.0065 -0.058+j0.056
My 0.0021 -0.024-j0.039
M; 0.0007 0.0089-j0.024
M 0.0005 -0.014-j0.016
M 0.0004 0.011+j0.015
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Table 2 The generating polynomial of used PN code.

Degree Generating polynomial
8 XXX+ X2+1
10 X104X3+1
12 X124 X0+ X+ X+1
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Table 3 MMSE of wiener solution and MSE of LMS.
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Fig.4 LMS Convergence performance in each symbol sequence.
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Fig.6 Convergence performance in training mode and tracking mode.

DY RTE—FBITEOIRREMEEBEREHE  FL—
=V 7 E— RTPNI2 BT L 5 4PSK LT o & L v R v
FIOBEHAIET L, 64QAM T 2 F L ViRV DERT — 4
FIT KT vFk o 7E— FBAIT LIBZOIRERHE L BER Ff
PEDIRES 21T 2,

a. FIYVFUTE—RBITHIEZOIRREE 9, Ty
XU — REATRIE OWRFFEIZ OV TEMERK Y T 2 L
—a v EITol, HEMY I 2L —vo#TE LT
FL—= D LMS 73 Y RLDATF v FHh A X%
TA—=H u=001 12, bTvFTHE 1=0001®L LTz,
F72, BT APSK 05 64QAM O R T v ¥ > FE— K
SO Z JUT S L— = T RFIE 3000 R LE L, £
LD 3001 2> RAVEESE DD 6000 &> RVIZHE D 3000
VRN E NT XK E LTI R T o7,

HEME I 2L —va v OEREK 6 IRT, FL—=
VITE—RND N TR T E— RNURA XA I T D
A% 100 &> RV TEHML L7z MSE 1%, -29.7dB &-29.8dB
LIZIERA— DA S SN, T— FE#E 21 L% MSE OUUR
FREICIZE®N 2 5 2 02 ERMERRTE D, F2, Ty
F UMD DB 5901 3 ARVE NS 6000 T AR LIRE
FIZHES 100 ¥ > RV TEHE LTZ MSE 13-30.2dB & 72 -
TW5D, ZHUE, (10)FNOEREIEE ZF/1, AT v 7 A
ANRFGA—=FR PN == TIRELD /NS o2 EiT kX
DR S NT=72dTh D, UEDOZ &5, BIEEIED
== F = ATHE, 4PSK OB Z Ly RV
RINEEHATEDDT, 5%OEBLICHT- > T, ik
LALRROBEZE L —=2 7 = AR, BRES
EREIEOMESIERHNDE bDEEX S,

FT, AHBETHTEICL TV DAEEEAS 7y M
i WEICAWD b L—= o FRIND T RITIE, 4PSK
FREBEHALTH S AT ANLIET DR WL E IS
L, +OMENTEDLLOEAROBRNOLHERITE 5.

b.BER 4§ Wiz, FT v F U E— RIZBITD BER
BEPEDREMY I 2L — Y a URERETRT, HERKY I 2

L—a T, oAb b— hR 32ksymbol/s D 64QAM
(B> b L— hiX 192kbps) R 2 vy, 3BV ETEEZ A
W WIEFF S L R e L, E£2, % ZETHWD A

1.E-01 T T
| |
| |
| |
1.E-02 | :
= | eigenvalue

S~ @1 ratio=(21.07)

o |

TEB - -7 \N"-"~"~""~""§-"~"~7-"-~"~-~-——-—

BER

1.E-04

1.E-05

Ey Ny [dB]

7 BER #1%
Fig.7 E,/No vs. BER performance.
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Table A1 Magnitude tap factor of Wiener solution and LMS

algorithum.
Tap Wiener 64QAN 4PSK PN12 step
No. solution Random sequence Random sequence
0 1.0955 1.0914 1.0947
1 0.44 0.4377 0.4385
2 0.3465 0.3439 0.3446
3 0.3002 0.2973 0.2977
4 0.2499 0.246 0.2453
5 0.2019 0.2044 0.2042
6 0.1831 0.1777 0.178
7 0.1698 0.1648 0.164
8 0.1417 0.1373 0.1359
9 0.1234 0.1185 0.1181
10 0.1064 0.1016 0.1009
11 0.0907 0.0854 0.0846
12 0.0771 0.0727 0.0718
13 0.0654 0.0611 0.0606
14 0.0552 0.0507 0.0504
15 0.0462 0.0424 0.0416
16 0.0382 0.0344 0.0339
17 0.0309 0.0274 0.0266
18 0.0241 0.0219 0.0192
19 0.0178 0.0158 0.0161
20 0.0114 0.0107 0.0096
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