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Fig.1 OFDM system of low-voltage power line

2 LDPC f3i¥ 655 1E

LDPC 1 i P 1 5503 A7 A5 AL R 05 1 SR R
B AR SCR B AG B Bk el ) B/ 10—
FEIHF S BB SCHk [ 11 ], B E T A A2 &
SRR S TR AR RS s T X R
AT B E B W iRk AR B ik
AMEIE 3K 2Rk

3 EBRETSHNKMNEFEEGITER

OFDM 1 s i g 23 15 1 5 8 Al TR IR IE R 4t
A Pk RE A S B IR — il Y e R 2 AR I AE |
FEMSOHIL Y 575 S 4 A 7 3 ORR O S e R B A T
IEVERERY L EE IR 2

BT S A G Al TR A AR R TR R R
Uit 15 25 A S W ) S R A S AL
BIE AR B, R T 8 (59 05 3R A o A ek
BrfFEEE

i /N T LS (Least Square ) {5 18 i 1 & 76 A
U e P L A U R e W R EN BRI L VA B i)
A BB /N LS (R IE A TN (2) s

His=X7Y, g=0,1,-,6-1 (2)

Hooh | Hyg SR SO B0 05 3 0 7 5 X, S 8200 6 9 1
BAE Sy R BRI RS S e HRHF S 6 N
EXAIEY -t 3

G ET S LS 135 0 A 1 (80 i e 28 i )
W 1 B E B 20 DR R A M 2 U 5 kA
TR RS Y, R K,

V=X, H,+W, 0<k<N-1 (3)

ot X, R RS 1, R W, N R
U kTR DEFE 5 N B R 45 TR
Kokt

BCHE T P A S0 5 1 e AR A 2 1
e R B S A WP 2 o P eh Stk
TR S A TR 8 S A (5 30 1 £ A
2k , S22 Sk F R O T4k, IRk W Sk Fm B,

st ] |

(-4 (p-DA

Ao PA )y (DA

2 MBI EESHAS R
Fig.2 Pilot distribution of traditional algorithm
e A T A ] B A RO
A=N/P (4)



%48

BR Al & T IR L 2k DE ST S 2R 4 M e e AR A 5 ik @

Mo Py et R Ge AR ARG AR
BCHE T S O 5 A B, 2R
H.=Y, /X, p=0,1,-,P-1 (5)
oy, WS X, WERSHES p b
CY e es @
TN AARAETL A5 pA+1 D ECHE T2 b
(AT B BR R

A [ l A A
H= I—A—)H,,A+/i—HWUA 1<i<A  (6)

Horlr 1 R A4S S IR B T Sl 5 H
S FURAH A ) 2 A~ B RIS I A1

TESEBR IO G R 128 OFDM 248 JFAEFi 4
(R RCH T B A3 T A i | PRI 7 SR 1 2
3 3B R 5 0 4 X 0 T A A
B B3 30 K00 7 B 0 T4 pA A S /2
0, BB T (5 A B, Fm N

A l A A
Hyo= 14 [y oo 1<1<A-45 (7)

Horb A=A, A5 pA A S DN ) B 5 A

1 TR R B A A S, Bl
A b A T AR I L T e o A 48 S 0T
b R S W O A7 B 3 PRI, 24 5 AR A o A
i AT IR Z RO, M 2 AU KA 45
W1 24 (6] B 2 3 BOG T A9 45 38 K o 75 52 B 69 15 18
ok wome AT AR 22, B Ah  FESEPRIY OFDM & ¢
SR T G AR T 15 AR UL G801 B R
M 47, 120 25 8308 - 28015 408 0T 14 3 A3 2 ) B
R PRI 77 96 X A0 3R ok % 1k o v LA &2 3
HOREAMFEAG A MER
4 HHFEEMGITEE

BT LS 58 A 5 i B R AR s A
FE TR B TH AR /AN (S 0 7 A% e b AT — IR BR A
18T B AT A5 B S5 BT B B 5 TE AT HAT AR
BISEHIE . 350 N R G IZ FAERE {5 1 P15 55 A
KL HIE i TAVEER L R A R s R 2 2
& JF BAERAE M LU DL | WA R iR A R A 32 22
PIE T P RE A B2 A (R B A T IA X R Gt RE RO 12
THRARBON EIE . BT LA BT AR SOk LR R
LS (B AG TR Al T S AR 5 Ak ) 31 5 e 7 7]
I 7 47 L3z R TP SR P 0 P A7 {030 06 3R AN T A Ik B )
(EBERESAS

N T SR R AR G T R LS R AT
S P T W 4 [ AT, T LA SR P48 S 930 88 1) 7 vk
BRIV T S5 A3 A 2 Bl 7 0 . T ik U
OFDM F 4t IIAT 5 45 R 8 4 | {5 el T % 1 2k

BB I BEC T RE TS LR R I B
ANRE S D G Af A )8, DR AR SCH T — g
TS AL BRI AR IR R B T AR
R | BRI R R S 43 M2 2R % VC (Virtual
Carriers) . A< 3CHT 2 21 0 B2 28 0% 248 4 7 (8 T 6 14
() 52 BT B R M R — BB OR A% 06 B0 1 2k 0, e
BT 3 RN A T U8 A R B AR v 2
W, X HB o1 3R 7 R AT |
FHALH OFDM & %t 55 90 i 75 2 H 21 1% 38 08 U
A0 T SEPR OFDM R GeH R F TH 4% 7% 7R [ 116 0
AR UE YL A F T 0 sl 58 2 A Ty ik 0 R R
WS AT A1 Ty R 2 e b 18 | B AT A1 S TR
b g A, st 5 K Y R 2R D ok e 2> 18T, M
AT R G DAL, IR R 2 D B
W TE—E R L2 B OFDM R4 1SI, 8 1411
il PR T R 20 O A s/ T R 0 TST RSN AR Sy
Je S BESCHR [ 15 )% g e 2 stk A7 Tkt B
AL G T 42 5% RC (Raised Cosine) 7 bR X5 2t
PEFF 45 5% BTRC (Better Than Raised Cosine) i B8 %L
PEAF LR AL B Uk b p (1)
p()=ap,(1)+ (1-a)p,(1) (8)
o o R R B p o (¢) 2 BTRC BFSK 5 po(0)
RC W3 ok
W PEPEAR R Y o (E T AR AN 008 e 4 1 B
ZBESCHR (15 ) B9 B 25 5 IR B = 0.35, BL B 1)
7 PR RE % 4K 75 L BTRC H1 RC 1 pRECHE 45 (1 PERE
X SR R R B 1 7 pRECS5  LE BTRC BT RC 4 PRI
SEIRE/IN A A5 I W RN U Bl | RDRE B S P BB R T
FE P T B 2 S5 S U 457 30T % s 2 A ) T BTRC
HIRC 7 PREL, PRI R BT 0 08 B g8 BT X R g
o 2 P B T RGOS X | AT A R T R 2R
B 50 v /D T S Y 1ST 3
ST R GE P ) U8 B AR BT AT T IE Y et
18 1 5 i 2 it %) 50 vk 2 B — AR S ok 5] i
OFDM Z S5 1Y IS, 15 18 Ak 1 A0 i i P 2 I A AR | i
S EARGEA RGN, Wik, b Tk E—A 5
Bl R B BB K PR K SUR .
K=[aV+1/2] 9)
Hrf ael0,0.1,0.2, -, 1| AR50 i 400 B0 5
F 0P R 30 BRI B Lo A9 R FR B 3 Dk s e L ]
V NRG R BB [ JRARAK T« R K
R A8 U0 R IR RS TR B T
O R AL 26 B 1 T 2 DR S A ROA R R 2
W R SRR G AT T AL R S 5k
TFAAR ARG | S R G A A N R G A
S BUCH BRSO 2 A T RS A TR



® ® 0 8 & iR B

8335

BE T KB OFDM 445 H (%) S Mk A 7 3687 434 | 5%
BT A R G T P ORI BG4 A, #E OFDM
ARG 05 B TR LR B R AR R R R AR
EAG TR S AL IR R EARREI RS
FIFF 5 AL R TR T | AR A 1) 0015 4
P F 30 LR IR B e R G ERE 0 B iR
ST R R G R UBRIRR RS
A B R A LA A RS B AR (R SRR
PETHEA S AR,

AKX R G T OFDM 5 HA AL 54
M2 A GARAE X, 5 B PR 2 A DX
f£45 OFDM Z S AH Eb | ek J5 33 i b 1 0 4 1 4
IR G B SRR 3T R B E S ak = L =R
BN BRI A AR T ROR B AR R L e s
BB T R G R A5 58t
HB AR LG, R e Wi (| = RO A3 A P A% B
H 36 {8 55 52 2% WA (B 0300 13 T8 Al 11 0 M A 14 T g
ok — T

R AR MR T RGP SRR BRI
DT R 2P U5 1 AN L G VAF (ol e O g D = R 3 1)
BREZ Y, #RH .

=X, H,+W, 0<k<M-1 (10)
Hop kel it 5 2R 50T 3 BB

U JE RN Q A A BB AE AR R E S
i MR R R S A a1 3 s B S 2 SRR
SR A7 T8 PR R R R 4R R A (A5 B 191 8 R
Mgk, s 32 m B 8k | S0 2 i Sk 3R BdE 1 4k, B

st /]|

I

f—

|\ s

i

(-2 (0-1)B BB

TN I
B-B, ¢B B (q+1)B
B3 HEEREESHSE
Fig.3 Pilot distribution of improved algorithm
O JE U S R B B RN
B=M/Q (11)
Hob Q Utk G R GRS
BCHE S S 15 A H, RR R
I;qBZYqB/XqB (]=0,1,""Q_1 (12)
Hor Y, TS 5 X, IR TIE S 9 R
R R AEARAE I 2k 7628 g B+ h K 7 30
(WA H,p, TR R

h oA A
F)HW%H(M I<h<B-1 (13)

Hor h AR AR S O T H 5 H

I:Ith: ( 1-

S SRR S 1 2 A BRSSO T

{38 00 8 B F- R (0 T 585 g B A S 22
PGB T AR 5 A 1, BR R
g h
H B—h:( 1+§

P BB, WA qB A0 22 00 (R0 T 30 8
{38 00 MO 7 0 1 T4 (Q - 1)B A S
Fi0 9 B T B B B AT H ot -

A A h A
H<0_1)B+,l=—%H(O_2)B+ ( I+ |How 1 <h<B-B(15)

Htf oo 5 Hogop JUSRRAB I 2 A B0 1)
M BB, B5E (- 1)B A S04 0 i B 7 4%
WAL,

5 MERZERFESHIRE

ST NLIGEBA 2R/ R, O 5orb ik
WA ()R ZRERGERA ) T RN
PRSI T 3GPP K #i#H I LTE (Long-Term
Evolution)#r i AL S8 LTE B2 BT % %
Bl 984 10 MHz, AH S8 2L 2 [0l B Af=15 kHz,
THPE N=1024; B R Z AR IEEN 1.6 ws, PR T
(BB T — Mk fie KAE B 1) 2~4 5 AR SCHL T=5 s
R R LR AT IR RCR, — R T.< 174,
FIr LA T =20 ws; 7% 5 2S5 00 (14 450 2 8] F& - Af, <500
kHz, BFG 16 M5 540 A — 540, A ST E W 7=
1/Af=66.7 ws, BFAMEITHRFEE M) £,=T/N=0.065 ps,
PRI ] B AL & A% TN B €= T /1, B C =805 B K
5 E 1 OFDM #5554 10000 4>,

PiE 4 7B f53E  BUFE B WS ap=0,0,=7.8x
10°s/m,k=1,£=3.8,¢0=3.0x10°m/s, H JJLA(FiE
SR 1 PR,

A

Hqg-%ﬁ<q+l>g | <h<B-B, (14)

®1 FESH

Tab.1 Channel parameters

AR UIES B /m
1 0.61 2123
2 0.36 2354
3 -0.17 262.4
4 0.06 289.1

6 HEHZEREHSM

HT ARG T A %I I AR B9 OFDM (7 FK RC-
OFDM) & 4t fl T+ &% i% 5 e i FH R s M AL & 1)
OFDM (% RC+BTRC-OFDM) R 4 P GE | 7E & 4
SR BPSK Al 7=, 0 5 T LA L 2 Fh R GeAE AN ]
(B354 SNR(Signal to Noise Ratio) T IR R AR £

M 4 FTLLE iR 3550 0.01 B, RC-OFDM
RAGEMEME R 7.3 dB, 1T RC+BTRC-OFDM R4t 1)
fEME LN 6.5 dB, R FH A0 U8 I #8150 13045 T 8 4



Wik Al 45 TR Ly 20E Ze00) S 2 0 A 0 A A T B 0 @

2 3 4 5 6 7 8 9 10
{5t /dB
—— RC-OFDM, —— RC+BTRC-0FDM

B4 2MRESRRFRBELE
Fig.4 Comparison of bit error rates between
two filter systems

B iRS FPERE | 5 RC-OFDM RGH L  [FHE LA T
0.8 dB HYH2E 5,

5302k FH BPSK 5 QPSK il 75 =X, {7 M Lt B [
FEAH 9 dB, A [R) 4 i 28 i B 46 L A5 o {ELXT L 1) OFDM
ARG R R ML E 5 s,

100 -
107 f
Z 10”
oK
10° ¢
10‘1 L 1 L 1 |
0 0.2 0.4 0.6 0.8 1.0

o
—— BPSK,RC+BTRC-OFDM, —— BPSK,RC-OFDM
—— QPSK,RC+BTRC-0OFDM, —— QPSK,RC-OFDM

Bl 5 M 3 % e bk )
Fig.5 Replacement ratios of virtual carriers

E 5 ] LIS AR 4538

a. X T RC-OFDM R4t , =034 bifi 3R 48 i 2 0%
B D T K Y o 7E 0~0.3 Z A 4B A il 2k
AR TR R R/INIE SN, 2 o 7F 0.3~1 Z[H]
AL AL B B o EAYBE K R G iR
i 23 22 R 16 T DR 2 2R 0 R 8 I8 ) 80 A R DR
b FECRSE SIS ICL AR5 AH ™5

b. X RC+BTRC-OFDM & 4t , i % 3 fih £& 1)
AR H S RC- OFDM &4 KB H ;0 o
£ 0~0.5 Z [ LR | RS0 RS R B AR Y fp A AR A
4 RC+BTRC-OFDM & 4t i 4o 2l U8 U #5% 14 BB A7 2K
G T K 28 00k 5o v a0 BT S LR 1) IST 3 5 Y o 7E
0.5~1 Z A AS Ak B | R 28 0k 250 a1 9 20 Xo) 152 A 258 (1)
RERZ MR M H 22T 08 D 48 1 1 1) e b X R G 1
PERERTIE =2 BA/EH , Ik, b T RS IR 15 B 4 1
BRI EMERE AT HERE ae (0,0.5) , A SCHE I 225 B A
o Ry 0.125 , FBZAEAE R Ja 2247 B 58 i 4808
e LA R A B

BAE4 OFDM REGeH , FE0% S8R N=1024,
2R SR V=128, S AR P=64, 500 H] B
A=16,H a=0.125, e i Bk H 16 > HUR
16 AT, b, Bt 5 W R G013k S g M=
1040, S4B 4 0 =80, Ml B B=13, Sk

FEPR AT LS (RS Ik B R X R
T 5% 0B D A FL K 20 R BB ) R 58 ot e 0
LR T O LS R A5k B A xR T
ARR B TR R I AL 2H G A EL 3 M
PO AR R
6 45t T RGEA R LDPC 4 i i | Bl ifE Hip
5 ek J5 SR 1 34177 1% 22 MSE (Mean Square Error)
HHEC
10°
o 10 F
K 10°
R0
Y102
107

1 2 3 4 5 6 7 8 9 10
{51t /dB
—— T QPSK, —— Bt QPSK
—— EET BPSK, —— (/& BPSK

6 & LDPC HBFEHFIRELR
Fig.6 Comparison of mean square errors of
channel without LDPC encoding

N 6 HRT LA W XA TR] 6 18 il =X 76 A
] A 5 e H T RO 340 1 ¥ 0 1R 22 I B AIE T ik
FIB RV IO B o AR B kD> (B R
SR T P IST RGN R A i R RN T A 4R
N2 8] ) TR) B, A8 RCHE o 1 B P 2 A RS
DRI | R 26k 0 500 9 0 2 S B R G P AR T R AR
TR B3 T R SRR AR T

B 7 4T 2G40t LDPC 4 idas | sieik i 5 ek
AR R s L, R H=28,256]
(RIS | AR B R 3 WK,

10!

{5 Wk /dB
—— UlETT QPSK-LDPC, —— #ifF /5 QPSK-LDPC
—— AT BPSK-LDPC, —— Bt 5 BPSK-LDPC

E 7 B LDPC HEEFEEHFTRELE
Fig.7 Comparison of mean square errors

of channel with LDPC encoding

Kl 7 5K 6 XFHLnl & | X T BPSK 8 T 1 ek
HEIE S S IR 228 0.1 B, R A LDPC 4R 1
RGEERE L AL LDPC A5 py et 7k 1
dB; M5 W LA 8.7 dB B, ¥y U7 R 22 W] LLik 2] 0.01,
i B B 3 Wk iR SRR BN £ | R4
PERB TS 0 2

8 s AR LDPC g i | sieat i 5 ek
i R =R O TS



(14() ® 0 8 & iR B

8335

10°
10"

£ 10° ¢

10*

{51t /dB
—— PUilETT QPSK, —— i J QPSK
—— iR BPSK, —— Bt 5 BPSK

8 I LDPC HBEERBGELILE
Fig.8 Comparison of bit error rates of
channel without LDPC encoding

ME 8 AT LAE MRS FE N 0.01 B, 2ok i
QPSK 4 2 5 BPSK ¥4 1 2t J5 QPSK i |
e J5 BPSK i il /417 M 1L 433 R 8.9 dB 7.5 dB.
6.7 dB.5.8 dB, it 5 BPSK Vil A5 T e 112
b | 5ot s QPSK Al AH (5 e et T
0.9 dB, 3 & PRI Sy {75 108 10 75 el Xof {355 1) i 2 N AH
(LA R | B P R e 22 AN /2, X
BPSK il 5 #5275 | 24 R F QPSK il i |
A e R EARN R B AT + 7/ 4 s A RS,

9 Jii /s J& K FH LDPC 4 A | ok it ir 5 ik
JE B R

10" £

3 4 5 6 7 8 9 10
{5 Lk /dB

—— YA QPSK-LDPC, —=— Btit /5 QPSK-LDPC

—o— i FT BPSK-LDPC, —— #ift )5 BPSK-LDPC

9 B LDPC HBFEIRLELLE
Fig.9 Comparison of bit error rates of
channel with LDPC encoding

B 9 HE 8 Xl LA H R LDPC 4if%
J&, YRS EE 0.01 B 2T QPSK I il | 2l i R
BPSK ¥ il 2 J5 QPSK ¥ il | ek 5 BPSK 4
M5 Me L 4 5 $E F T 4.0 dB 3.8 dB 3.9 dB 3.9 dB.
B, A LDPC g5 et — 2 it A~ R Gt fE

R TR AT TE LDPC g5 i i i R A
LA KA LDPC gt 19 e i I 3309 1 38 S e AR AR
SR MATLAB R2009b 34443 5l % LA 1 3 Fpaa ik
AT B S0 | S5 b BTl R SALE CPU S U
1.6G,NFH2G,

SEEG A R | ST s S B R (1.82),
HYKIETC LDPC 4 % 1 ek J5 501 (2.05 ) , 18 i)
] Fe K B2 2 LDPC 4 i 1 sl ik Ji 383k (276 5) 3%
S Kk LDPC B 4 A5 K P i iz B 2L ) — Se i
B, AN SCHESEEL LDPC A% 4 B A% 3 vL st R T e fis

BEE IR RO R A A mexFunction #5280
1 CIET S |, HE PR g it Bk Sk AR PRt vk
AT TARAL SR 5 9r e i B S 2 R SO E MTE &
R ORI 4 e T 5 L A WA LDPC Y
(0 S5 B3k ds B [RDRE 2 TR PR BT A
e Sz B T % 1 JE LDPC gt iy et it I 57k
P F Il 2 FpoE:

7 ik

AR SCEFRHE SRR B S14k OFDM R 40, 16 A [%
KRG SRR T 3R T —fE & EiE
i 1R BE 16 D7 v | BR300 AR 2R G 350 40 B 20
[{ BPK: LDPC 55 FHF OFDM &4, 1 B45 R %
B, F TS 00 ) B A4 8/ A R LDPC A5 B A K 1 g
ARSCE P RIERSR T RGP RE | nT RS A8 50
IR 128 OFDM 2 48 AR 1 {5 38 Ak 1138 O 1 22 F
BRA R H SR BTRRAR XA R TAER E AT,

SETH .

(1] R RS, sk 8 JKF. TR 38U 53 5 3R 45 vh 4 1 3 A4 1 AR
ARG ()], R AL T AR, 2010,30(1) :98-102.
TANG Liangrui,ZHANG Qin,ZHANG Ping. Channel estimation
based on iterative interpolation for low-voltage power line in or-
thogonal frequency division multiplexing system[]]. Proceedings
of the CSEE,2010,30(1):98-102.

[2] . OFDM 7EMR L D& H P RGP 5 [D]. W
# AL T RHE R 2008.

WANG Dong. The simulation and application based on OFDM
in low-voltage power line carrier systme[D]. Chengdu:University
of Electronic Science and Technology of China,2008.

(3] 24, B5 R L. OFDM L 77 2R 2l 15 & 4019 2 i 7 25

TR ) ], AL mTHE HL R 22244, 2011, 34(5) : 105-109.
LI Chunyang,HEI Yong,QIAO Shushan. An improved timing
synchronization scheme for OFDM based power line communication
systems[J]. Journal of Beijing University of Posts and Telecom-
munications,2011,34(5) :105-109.

[4] DONG X,LU W S,SOONG A C K. Liner interpolation in pilot
symbol assisted channel estimation for OFDM[J]. IEEE Trans on
Wireless Communication,2007,6(5) :1910-1920.

[5] ZHAO Ming,SHI Zhenning, REED M. lterative turbo channel
estimation for OFDM system over rapid dispersive fading
channel[J]. IEEE Trans on Wireless Communications,2008,7(8):
3174-3184.

[6] PIERLUIGI S R,RALF R M,0OVE E. Linear MMSE estimation of
time-frequency variant channels for MIMO-OFDM systems []].
Signal Processing,2011,91(5):1157-1167.

[7] SARMADI N,SHAHBAZPANAHI S,GERSHMAN A B. Blind
channel estimation in orthogonally coded MIMO-OFDM systems:a
semidefinite relaxation approach[J]. IEEE Trans on Signal
Processing,2009,57(6) :2354-2364.

[8] BUECHE D,CORLAY P,GAZALET M. A method for analyzing
the performance of comb-type pilot-aided channel estimation in

power line communications[]J]. IEEE Trans on Consumer Elec-



£ 48 Wk AT, 45 0 TIR Ly 2 E SE0) S 2 490 0 4 0 R AR A O B 0k @

tronics, 2008 ,54(3) : 1074-1081. [14] SR BB b~y X, 58 — 9 OFDM & 4800 1k Ik sk
[9] CHENG Z,MARK J W. Channel estimation by modulated Lag- WErik[]]. BmildE AR [2010,50(2):16-20.

range interpolation[J]. Signal Processing,2010,90(3):2749-2759. MA Tianrong, MU Xiaomin, YANG Shouyi,et al. A new optimal
[10] MUSOLINO A,RAUGI M,TUCCI M. Cyclic short-time varying pulse shaping method for OFDM systems[J]. Telecommunication

channel estimation in OFDM power-line communication[J]. Engineering,2010,50(2) : 16-20.

IEEE Trans on Power Delivery,2008,23(1):157-163. [15] SANDEEP P,CHANDAN S,CHATURVEDI A K. ISl-free pulses

[11] ZEARK TRIERI. LDPC A% BRiE 5 0 A (M. JEaT, AR g AR
#:,2008:46-47.

[12] ABEIDA H. Data-aided SNR estimation in time-variant rayleigh
fading channels[J]. IEEE Trans on Signal Processing,2010,58

with reduced sensitivity to timing errors[J]. IEEE Communica-

tions Letters,2005,9(4):292-294.

(11):5496-5507. EEEN:

[13] LIU Kewen,XING Ke. Research of MMSE and LS channel esti- o OT(1981-), B ir @A A WEAL A, ERMF
mation in OFDM systems[J]. Information Science and Enginee- & A H 5 AL 7 @ 49 B K T 4 (E-mail : coco_chen81925@
ring,2010:2308-2311. yahoo.com.cn) ,

Improved channel estimation algorithm based on virtual carriers of
low-voltage power line OFDM system
CHEN Ke,HU Xiaoguang
(School of Automation Science and Electrical Engineering,Beijing University of

Aeronautics and Astronautics, Beijing 100191, China)
Abstract: The channel characteristics of low-voltage power line are analyzed and a channel estimation
algorithm with increased pilot density is proposed,which replaces part of VCs(Virtual Carriers) by pilots and
redistributes the pilots in the new OFDM (Orthogonal Frequency Division Multiplexing) with equal frequency
interval among subcarriers to increase the channel estimation precision by reducing pilot frequency interval.
The filters of OFDM system are enhanced by the linear combination of the window functions of raised-
cosine and better-than-raised-cosine to avoid the increase of inter symbol interference due to the reduction
of VCs. The low density parity check code is applied in system to obtain the better response characteristics
of channel frequency. The simulative results show that the bit error rate and mean square error of channel
estimation by the proposed algorithm are lower than those of conventional OFDM systems while the symbol
transmission rate of system is not decreased.
Key words: orthogonal frequency division multiplexing; channel estimation; low density parity check;
virtual carrier; electric filters; bit error rate; communication
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IEC61588 based precision synchronization gateway for power distribution
LI Bin,QI Bing,SUN Yi,TANG Liangrui
(School of Electrical and Electronic Engineering,North China Electric Power University, Beijing 102206, China)

Abstract: A distributed clock synchronization approach focused on wireless sensor network is proposed and
the network P2P/E2E synchronization technology based on IEC61588 is researched. An intelligent clock
synchronization device which supports both TEC61588 master and slave clock modules is developed. The
distributed PTP  synchronization link is established for wireless sense network,which improves the
synchronization performance through crossing the timing-chain to transfer jitter. Fast clock decoding in low
layer of wireless sensor network is proposed to reduce the impact of high-layer application on timing-chain.
Its performance is evaluated under different scenarios and in different synchronization modes. Results show
that,compared with traditional synchronization modes,the time deviation is reduced by 50% and the average
timing error is about 0.02~0.03 ms.

Key words: IEC61588; synchronization; gateways(computer networks); wireless sensor networks; decoding;

clocks



