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Abstract: The additive impulsive noise is one of the serious interferences in narrow band power line communication
(NB-PLC). With the widely used OFDM (Orthogonal Frequency Division Multiplexing) technology, the influence of
the impulsive noise can spread to every subcarrier after DFT in the receiver, which degrades the communication per-
formance seriously. Therefore, a simple and effective interference cancelation scheme is required, for example, blanking
nonlinearity has been widely used to suppress the impulsive noise due to its convenient operation. However, the nonli-
near operation introduces inter-carrier interference (ICI), resulting in degradation in both system performance and the
precision of channel estimation. In this paper, a new channel estimation method for OFDM transmission is proposed to
reduce the affection of impulsive noise in power line channel, where the ICI part in the estimated channel response
function can be iteratively cancelled. The simulation results show that the proposed method can improve the precision
of channel estimation and reduce the bit error ratio (BER) significantly at the same time.

Keywords: NB-PLC; Impulsive Noise; Channel Estimation; Blanking Nonlinearity

e B R AHASER B S 3 7 k5T

2 HLAR B, ¥4 K LK AT

VARSI KA P B A I SR, b
PR SHEIRAT, b
Email: wjwendy1989@gmail.com

ks H#: 2013488 H 8 H: f&RIHM: 201349 A 2 H; FHHM: 201349 H9H

& E: Al REFE RS, WA kR A TE R S BT . % ARG R OFDM 2 )%
Fia, HOAEATGEAT AL BT, B3R R BRI AE FFT Z 59 R B BEANMMBL b, 21 ™ 50 &R Gt M Re .
PRI, Pl 75 EERIUCA RN T HUH B AL . BT SR R R g R, SR, XA AR R AR 2 5
NEE R FHR(CY), FERGEE T HER M R RR BER PEREAR 28 . ASCTE MR 2% fF Bt — R (1015 3 i i1
Jrig, IEAHBREER TR ICH #2y, REEART AN R . 07 45 SRR WA Hh ) et 75 57T BLA 2L
SemEIEA T AOERTE, IR RGIEREA RS TT

QT AR SR, (A BT

Ik

1. 5l FRREA. oy, A2 2% (NB-PLC) TARTE 3~
T Gl A A (AL 4. 1 ERDF Al Maxim A2 G3 hxifEA d1 PRIME

Copyright © 2013 Hanspub 147



R HL 2RI AE TN BUR R K A5 38 A 1 5 VEWE T

e EL ) PRIME W02 55618 OFDM 1E 9 ¢
FERW T 01407 5, ML 2 A1 SR R A i
AR, Befefts m i thRrd 2 B & R iE M. 2010
A, A S N SRR RS LB, IEEE
PR 2 A0 ITU-T 145 T NB-PLC BA Y E BrbriEfk
R 245 N1k, 1EEE FRifEVh&HEAT I P1901.2 7EA
SR IR H vDO0.07.01 fiRAS, T ITU-T B4 T
2011 £E IR 5E K T G.9955(G.hnem ¥ 3 JZ #135) Al G.9956
(Ghnem Hi4is i % 2 D80 il e TAER, AR FC
FHET G.9955 FRUEFEAT Y

HJEEE KD, A& TEEEs, )
P A, AT LUK L o AR 1) iy g
My 2) A 3) ST LA A Sk b S
4) [F5 T AR A Rk vt 7 s 5) AR S
ke SR, BT =R AR E, RTOURAR AN
T RS, IS AR AR VRS, AT IASE N SR kR
W o AN L BT SR K RGUREAT BRI AT
IIHTIE A

£ OFDM R4ith, flunaid FFT 25, ®K
kb 24 JE 2 OFDM 55 BN T8k b, iR AR
S, RGMERESZREE M. KR 2 PR
R KRR T E B, H A7 I St 5 ke gt
AT “PRIE”, “BER”, “IRIBEZEEMH" S5%090,
oA [8,915E T — R/ sk 4 AR R T R W
T AR i R P 4 R I ) BT 3 ) R SRR
BAFERINKM, EAFLE, T HdHT IR B %
AbER, %07 % RN A BRI T R . AR AE SE PR
Ra, BEEEIENERAERRYTZ A, A
BT pkdirma. glunsd 82 5IEEMN
OFDM FF 5 AN IEAL, 51 N1 ICIEDE [ T3 & 838
ROMERE. (EZHTPT IO PUR ANk, 52 i v v R
1K 22 Hoe 2 DOM, BIAr ER DA T 1 A LT o
SRTMIESERR Rgerh, BRI S AUAT 5 R Al T1H5 3
N, FTEUCRA LS(H/D3€), MMSE(H/NY T iRE)
B ARTAE R B KA AR S LR, SRS
W Z B, FEMi SRk HREE
FARLRMEARAE T NIBR T8, AR —FhdE T
LS 1 MMSE Sudt B E il 1H 7%, FIAmEs 2
S ST FI RS TE S TS, IR BRI (/TR
Wy, RIS THEE MG TF I HERAYE, AR T

148

RGIRTY R
2. RGHER

MR 1TU-T G.9955 FH iR, Wye 2 i 4 ¥ 4
AP S (Preamble), {Z &l 1HF5 (CES), #EEM
SL(PFH) LA K fii %% (Payload) . 4/ 1 iz, Wigs b sy
A OFDM #55 . Horp, B3P HIELE 8 AN IF 1)
5 S LA 14 S, , Hor S, & e BE AL 51 A R # 77 AE
MIABENLT S, S, ==S,, H 2 fdr Bz s o ko I ot (1
ok BATFE LUK E S5, tinfE i fh ik
H1 OFDM 5 5%, CES 1 ANS 11 A4S, 14
B PSRBT EE AT . PRH P& R g i h =
BE5 R, Payload HRAEMEHES B .

P v] LLA) I 2506 Preamble A1 CES 3% 11 4>
OFDM 5T BT, T A% REE RS
AFR, AT DA Al RS g e S X PRH A
Payload #1741 .

A IR R G AR RN ] 2 s, TEARSC
HN AR TR INECE, R FRT (PR (# B A2 46
RN RiEmE&E IFFT 2 J5, —4~ OFDM £7 5 &
BN RIS 5

X, =%§Xke”“k“/“,n =01, N-1 (1)
H X, 2% k ANTEE LT 0ES, TS
hERINN Eg - 5 182N ¥ 2R A5 T8 v A7 AE TR ik g
7, WO RS 5 AT US B R AR
r=h ®x,+z,+1, (2
Hor, h REIEEE TN 7, T RS, b
AAEFISME R 0, 72N o i 1 ZARMA
BRI - BN AR 1 T ke

I, =hb,0, 3
b, IR AL IR S, MR L iR -
pifb, =1
P(b”)z{J_—pifb=o )

o, RIMEN 0, JF%N of WAL FigEA . 1F
RGP BB AT B AR A (), 75 5 e
FIZER Bk MRl L F R R @, =2, +b,g,, WA
o, (1 2 85 P R N

Copyright © 2013 Hanspub



R HL 2RI AE TN BUR R K A5 38 A 1 5 VEWE T

preamble
S S,

CES| PFH Payload

8 symbols 1 symbol Nhs

Figure 1. PHY frame structure

B 1. YRR iiss

I,
w0 g )
Zn

Figure 2. Block diagram of the transmission system

2. fEIARG R

— —a)z 62402
f, (0)=Peloflet P i/leii) g

no, TC(GZZ +O'§)
{5115 T8 15 1 EL(SNR) 545 T LE(SIR) AT LA 23 31
7 SUH
SNR :E—SZ,SIR =E—§ (6)
o, Ug

ARSOR Y B Z SRR IR 7 R0
B R R W AR K T TTBRABLIN A SR
fikot, KHBONE, SRR . &T%%ﬂ?ﬁ’%é’lﬁﬁ%

ATk I RE, S EEEEEN
M RIE N

B |rn|sT .

"0 pnlsT )

I BRAE R B B R M RE I R &, 1]
BRAE I /NE, A B R R kP PR E 5 th i B
Ty RZ, TIBREE KSR A MK AR, &
P T TR AR 1) 43 A 7 IL[22]

3. BREE
PEBMOH, TR B RIS, 21T FFT
BEI, 5]

1 N —j2nkn nikn
_Wzyne JZk/NZ\/fzreJZk/N (8)
n=0

neA

Hr N & FFT K/, A 52457 OFDM 55 d ity
BAWEZRRER, B (1)) 4 A@B), Y, il LhgE—
5 R

Copyright © 2013 Hanspub

Y, = Z(h X, +a, ) 2N

\l neA

1 N2 oMk .
=_Z H Zeﬂn( k)n/N " ]I-\l Z w,e j2mkn/N
neA neA (9)

N-1 .
NA H X + HmeZeJZn(m—k)n/N
neA

N =0,m=k
+iza) e—jZT[kﬂ/N
\/ﬁneA !
HA N, &S ANKTTREH, EXPhHE=0EH
I 72
j2r(m-k)n/N _ A M= k
n;e B {else m = k (10)
Preamble 1 CES #F5 H1[1) X, /&2 &I, LS f51&
i1t MMSE {FIE {1 EE R X308

H, =X (11)

HAImmse = RHH (RHH + 5n2 (X " X )_1 )71 HAIs (12)

A LTC IR AR A 10705, #F@ZE A LS
BFARTHE RSB, MMSE B4 778 LS &
AR BT R IE

A LS 5%, 58 k AT ER LR EE v

N
~ N-1
szY_kzN_ k i mem zeJankn/N
x N N m=0,m=k k neA
_Zﬂe j2nkn/N
IN =X,
(13)
BN, = NI, BBk 2T OFDM 5 55 4 Kbt
P T, (13)H 4 T A T B IR AL A

A=gim e S She ™ g
MSR(9) 0 S T AT L5 A DA WA
F R BIRIERIBIA 1C1 SRRy TR B T
o AT £ 38 AT . I (13)
B, SR E A AR AR, £
TR, RSB, K
e, R AR —FFI Preamble
CES HHEFF A TR B, B LA

149



AR R RIS O T SRR K 5 T A T VAR AL

OFDM #i'5 EdkA7#E, DL | AR5 801, [FiEfh

AR

o LS flith: mAX@3)FIR, Eid LS FiEw LLY)
Gt HUEE R A, _initial

o G HH Tl A R e RS R BN A P aE
W B LARRAT TR Ao AT R A b

Hy _m= H! _initial

N

- N,
N-1 H X .

H Ni z m mZeJZn(m—k)n/N (15)

A m=0,m=k Xk neA

VN 10)

+ >t
NA neA Xk

o ICI VHBR: fEiE AT ICH B8 T AR 2R 1 -1
I~ OFDM £ 54l t 145 T8 R AS Wi
Hit k=0, N -1 ATl B
R (! H'!-tx
Hl — HI = m m
k k —m NA z Xk

m=0,m=k

e j2nkn/N

Z ejZn(m—k)n/N

neA

z ejZn(m—k)n/N

A m=0,m=k Xk neA

(16)

K MMSE 53200 4 4 lﬁﬁ‘kﬁ
ﬁ,mmse “R,, (RHH F52(XMX)) A, . s

fETHEARE L B AR E T 3 Fﬁi?o
MA6)FTAE 1, HI™ k=01, N -1 T 52
R, N AT R, B | K, R
IR FAFAER KK AE LR LS ByEA i 11
MR MEH, SRS T, MMSE 5
VEII A, BRI ARG hAIH Preamble Fl
CES fiiiI iS4 B U5 H, , 1% Payload SEHL

AT B AR Z AR, U S8 )5
RIEAN:

XAk _ YAk Z&Xk +i N-1 szejzfg(mfk)n/N
Hk N N m=0,m=k neA
(7)
e —j2mkn/N

J_MZAH

SRJA AT A e K@) T A Y, Bl
Ja RE BRI T3, — R LRI RS
MIEATERE . 110 ] FEEAR Ak o T HIEXT T 1k e A 52
0, 1R 2 SCHRABEAT T AP, IR A R AR SO
TRV L, N R L, ASSCE A (17) AT R
Flko

4. HERERSHH

AFIELT Matlab 15 EORIEAL BT H 15 8 il 1
B HIFT LS 5 MMSE S0 Fri sk P RERG 25
HF RSB N 2R R, A AEART B
REATE L BAEER 4 42, H cp MKERTFHRR
I RE . S50 51 RS I A TH A5 P R T (S 1 ki
PFESHWNE 1 iR,

WATBEEE A TRV Oy MSE(4 )7 1%
%), HAERMREANTT 518 5 S bR 58 1 2 5.
MSE F£ix:{N

(18)

4 J&75 71 SNR =30 dB, SIR = —15 dB [ &1t
T,MSE 5 BER BEETIMRE T AR O Hrp“LS”
“LS/proposed” 4 mfRFR R 4G LS HikE 4 i it 1)
LS 53, “MMSE” “MMSE/proposed” 73 #4827 44

MMSE &M E it Stk MMSE 832
4 7L R G LSIMMSE S35 Fl Buisk () S92 4%

————————

,meal [r |
BT g FRTAEH P [ :
| |

{ Ir)<T
0 |r>T

H”k01

Figure 3. The flow-process diagram of proposed channel estimation scheme
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Table 1. Simulation parameters
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Figure 4. MSE and BER performance with variable threshold
when SNR =30dB,SIR =-15dB
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Figure 5. RMSE and BER performance with variable SNR when
SIR=-15dB
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