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Abstract OFDM has received a considerable attention for realization of high-speed power line communications. Impulse,
one of the main disturbances in power line, is a type of bursty, high amplitude, and low probability noise. Such impulses
with very short duration will contain spectral components on all subchannels, and thus impact the decision of symbols
transmitted on all subcarriers. This paper analyzes the performance of selected impulse noise detectors. The receiver
detects impulse emergence and its position within an OFDM symbol by amplitude calculation combined in time and
frequency domain. Samples corrupted by impulse noise are reconstructed using redundancy of the guard band in the

frequency domain. Simulation results show that the proposed algorithm has a good performance for low signal-to-noise
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ratios, if the proper threshold is selected.

Key words Middle-voltage distribution line carrier communication, OFDM, Impulse noise, Noise detection, Symbol

reconstruction
1 5I§

DA R G L Y H ) A M A5 S i S IR, A2 90 4R
A AR [ ) SR AE ST I — T W B AR« 1% ARAE
LI A SR IR E ) 2N, M R i
AR AN B e LR, R EREAR NS
N FNE A K, 3 AU 8T . SRR R
A zhblk, H sk HE(DSM), Ff i A sh s @ 3)
D, v AP R R g R RARE . . ISR
) W

fic L2 (DLO) R AR /2 48 10kVAT 380V ik b Ik il
5, AR L 1 2 . 10KV @ IE 1) T4
BT e R R, Tk 7R A SR IR R
RA AR A R e s . SRR, W& T oY)
PEAERI KD TP, PR BE A A e e DL R R ) 2R A b
TS o R I KRR ARk, HARE Ve R %, AL
FER M, A AR ) BT S R IR (R S 40dBEL.

2005-06-17 W F, 2005-12-05 A

IECHEFEAE 10KV A e i fpLE 45 Hh R H 1B A8 404 52
(OFDM)&4 AN, 5 RE B ¥y 2658 {5 ) HL el A 1 v e 4
S5, 10KVIC LB K ] A A 50~500kHZP) . ko T-4k
S HFOFDMIE {5 2 45 (P B it s AR i), DR i ok g
PRI, X+ TOFDM &R GE I SE I 4 K 2L Ballohl— FLAS:
DU kR 7, e DL R AR 2 B 1o, R s T
DU K B SRAR O AN ] SE 455, SO B 1) ) e ik
i BARRR 0 R s LU, Wk (s 2 o] LU Biesy [ 38 341
P, SR AR Hk g 7 5 Y R ) 1 L AR K K
ik e A 0 4% 14 i T AR Ay R R B 2 TN o M AR
PR 75 R () B O B Y o 5 Ah R vk
2 SCHR[S TR (535, A X R 70 A T AR AN e VA i
I I RS iR

o5 2 W R EHA OFDM R4E, I HARAES 5 A
U RE N 22 5% B B B(PDF) . T 86 3, 4, 5 %1, #5953
ST KR 7 T IS UG U 7, R AR U 4 ok
B Sk e ) B



1698 51 R

e 28 A

2 OFDM &%t

—/~ OFDM 155 M AN IEAS IR L Hl(QAM) L
M-ary AHAZSEAE(MPSK) P IR IE 548 73 B 1 AT
OFDM K HHHLA SR AL B o 71 A g 52 52 s ol 5
T 3 T T A L AR B (IDFT)HEAT ) D/A B B s v o
F S ARIBIEN T, BRRS B S B A N (KB, %k
HEN(EE

I

Digital S/P Analog
data Symbol s(k) signal
ymbo! LP | Sig
P , IDFT] — | —
e mapping D/A filter

1 OFDM A4 HLIs A &
Fig.1 The OFDM transmitter structure

PRI, AR 5 A R AT DL R N

1 M j2rik
s(k)=— d. k=0,---,M -1 1
()M§'e"p(M]’ o )

TCHL dy S AH I PR AR e i

AT A BT FARIE D s B BOAS A Tl v, Y i L
AT B VR AR B 2 o X Al 3 PR R T o) T A8
R TR BT ECR I RGBS, BTk
WS PN 52 (A B o A SCRE A HE 5 280 R BEAT Ik e
PRSI o SRR P A L AR DR ) B, T3
ZIM LA S a,1 =01, L—1, FHh 0.

K 2 45 7 OFDM ML R BIAE R . AEF e, 5
5 MRS [ HEATY S I8N AR AR T D8 45 AR DL PR PR D
Ao YEPAE SAEKT + 7 WZERFE, KR T LR
JA, o JREEARGL NS « B 045 5 RAFIEAT DFT, #ifs
B THEAE T o FEBARE IR (BB FER IR fEWS 5¢
W), T =T, =0, WSS RHERFEN

r(k)=s(k)+w(k)+w,, (k) 2)

T HL w(k ) 7 ST R P A LT ) e TR A w o (K) R
MR A

FEHRC, DFT BEERIG 4

M-l . .
j27ki
R()- % r0eo ) icomor @)
k=0 M
L
R
< DFT
Symbol k)
demapping| | S/P |«—— D/A |=— Mg::el}ed -

K2 OFDM #HHLIK Js PHE &
Fig.2 The OFDM receiver structure

iiT IDFT F1 DFT J& rl i 4 e, M
Y(i)=d; +W (i) +W,, (i), i=0M-1 )
KHELW (i) HAWGNIBECREE, BATE w(k) A RSt
PE, W, (1) R ot 7 () St e ik (DT & 45 BTy
PTG 4330, BT DA kv 2 B SR BT P 3 ik«
3 BRI B BT B X
AP V5 Fk e e ) 5 A SRS P e 1 L e U ) 22 R AT
ST, T R 7 P I A I S R S LR LA
FEARGE I AR AT R, RN XI5 5 R, Holg Ak
G T Tkl B2 o A SRAF 5 Th Al B, BpLai A A ik
PR A, IR AR CSI(FIERASF R E 1. 1M
AME T REEAVEIE Y R ) I S 2R«
1 (ML)

Pla)=—- > [r(k)] ®)

- Mk:q(M +L)+L
WURTH AL DA B By, HUA AR AR AT
_ 1’ P(q) = Pth
C$pm)_{Q i (6)

IR EE N N AL 2 B0 A 5 AR s I LE, Dha
AL 1 T R P Py, R o) ™ gt P e A R B e K T
P . — N2 HPAF T2 HITF 20 QAM 155 A nfs 2
FY, AR OB e B, M 4 R BT AL A e 40T e K
SCRERRRVEE 22 ph AL A0 e H5OR L A8 R IR BR U o Qi S B ME
SEARROR R T BT, I LAAE th 22 B W D) 2
7 L P Rl 2 2 /IS B T T o R R B R 3 U s B
AT DLBRAR R 2, fELE A (R N B AR AR o AR AS U A

H T SR IS, AT AT DU R A T A I R
RFf. € SCBIME BRI R

L r(k)=A, .
olth(k)={0 %él o @

KM A, PR B o 3 IR A LB A AR TER S
(EE=92
(q+H(M +LHd )
L n(k)=m
CSI(q)= k=q(M+L)+L ! ' ®)

0, FAth
ke LN, BUE T (k) TR (Q)IE
2o s(k) Rrw(k) Byrl s ZEE fEibE LA . 7RX
—ERREMT, BUR S ITRR N
r(k) =y (k)+wi, (k) Q)
XLy (k) =s(k)+w(k) 85 FBEAREZEL o, MBI
At ERKP L H LIRS A LT, BalE S R
P BIAE A, IR AT RS R

P(‘r(k)‘ > A, | A,impulse)
= P(y+ A > Amit)+ P(y+ A <_Alh7t)

:Q(A,ht—A}Q[Ath] 0)

Oy Oy




%59 ARORAAE . 2 R ) Sl AE R G A AR TT R ST 1699
X (AT BRI o 3 LA ke 7 F) KB 85 LN T B ()

2
Q(X)=ﬁ [/ exp(—‘;]du ()
BB AR, B B SRR () R (i

MR K

P(‘l’(k)‘ > Ay \impulse) = J[Q(WJ

y

“{%Q+AHMAﬂA 12)

y

06 3 B R O PR T AR 22 0, 05 SUARI
(0 Ay = A /oy WA ERT, SR ¢ (k) R
MO

P(‘r(k)‘ > A[hit \impulse)

= J[Q[Ahtrela[ive - Ai]"’_Q[Athlrelative + Ai]:l p(A )dAi
O'y O-y

13)
B, SRR 1 (K) AL
P(Jr(k)[< Ay ¢ limpulse) =1-P(|r(k)|> A, , |impulse) (14)
S BT IR 2, T v (K ) R B
P(‘r(k)‘ > Ay, (|no impulse) = P(r > A,h71)+ P(r <—A[h7[)

=2Q[A‘G“‘J:ZQ(AU,M)(IS>
y

TR () 4455 m AT B, CSI(q)
W 10 T4 T 75 HT SR B R
Rty

P (false alarm) = i ('\: ][P(r(k) > A, ¢ [no impulse):|k
k=
.[1 - P(‘r(k)‘ > A, ¢ |no impulse)}wk (16)

T K e 7 (EZ BT R B RO, R A 3

P (impulse not detected)
m-1\
- kz[ ) ][P(r(k) > Ay |impulse)]k
20
.[1 - P(‘r(k)‘ > Ay |impulse)}M7k 17

2 fpk i 2 4 %€ BRI Pr( A = const.) =1 FTE AL F (X I
L A=20,), B34 TSHm A EEENAERL, §
R RER R AR 2. AR, m BEORIN, R A
AN, TRAR R JF HLIA— m (H PSR I Ze 158 R

KA.

To V8 R B A AL A AR T kb R A o B
BRI B (/S RN, TS R K. T L
HIF 3, my BB AS T IR R 2, SN R A< M
RERHER] T e/, XA R/AME A my IS B E I PR R
F LA RAL B .

4 BKIER BOSIEAR I B Ik

K o 7 R SRS 0 R R P R R AT 1R
76, ke RE A FERIITAT T, DIAEAUE S 4K
HERAFEALR L T o J, oMo — A7 8 Bt
FRECTRENE 2. X T O5 R AIAE X QAM 2L JBE s HAMAT.
[7 73 A1 (KA SR UL, 5 3L e SUIRAT 5 (R Ba AT e K RE R
MR de /N il 64-QAM J7 TEARJRE A, 3k B
ORI 4/64. SR, XL DA RBURIE R DI,
RSN E TP ¢ S K YN P R N[ TR (1B 2
R T SV A S5, RAT R B RERAS DI 21 o 1 L,
5 R IR AL A kg AR R PR A2 1 i vy B AT
FEETT o 3K ) B S {5 g (R A8 ) Z AN () Dy e th )
A/ BIE, RN R Sk L

W _EPTA, AT RERL I K HL D) rh TR s A
(10 ke 30 A Sl R, 5K L BG5S AR K 14 ik e
MR o FL ) e AR AR M e 7 R AR R, AR %)
(I TSGR S R (1« HAARSEAUT B IE5Z 3 Wi B 4 Jie
Ry FFEETEIRZ) 50 ps o XA ELAR AT AT LA FEACK
BERbK e R, i T ER D RA N E, PR R T
SESB I rol e s 2 WHLE, M AT EBC R T
B, HEAMEES, il AR RER. #Ainid, iR
ik g R A ORI AR SR A S LA N DA,
R E D mo AT R IR S I B A ¢ FATEERT L
HIRRK PR LT o

M1
1, d i)>m

CSIf (q) _ = thj( ) f (18)
0, At

Yy
V

Probability

2.5 1.996 1.998 2
Athrrel Samples (x10°)

—— False alarm
- Impulse not detect

K3 Bkt A RIS 4 HUDZR ke AR

P i 2 2 R ARG, Fig.4 The shape of impulse



1700 BT 5 B %R

28 3

Fig.3 The probability of false
alarm and of impulse undetected

of power line channels

of time domain detect

X
oL R() = A
dy ¢ (i)= : 19
ne (1) &,ﬁm (19

HR(i) = F[r(k)] A5 r(k) Hosti.

25 IR M T 15568 7 17 22 A o 7
i, TR, BT BT R w(k) h %
LR o SUATE W (1) = F [wi(k) ] B s s s S
SRS R 72k o2 BN AL R A 0
(i) = F[i(k)] Boseim R, B A%, Jrh
o o MR R (i) F S0 R 5 11 5 AR AT I A5
FE R 5 B B 4 (pl)

foe ()= fu (x= )T, (v)dy (20)
XHL A, (x) A (x) 2000 A2 S W (i) F01(i) 1 pdf.
1 x?
RN(X)—-\EZ;GW eXp[_zcﬁij @1
1 X2
f| (X)_%SXP[_MJ (22)

fro (X) FIME T 70 o + o] WEMTRE. T R(i) 1
SEEARE A T, TN oy +op NETARE, LA
HAXH N pdf Ky

X x>
i (%) = p exp _Z(va +0I2)]U (x) (23)
TCHLU (x) 9 HRz B ik ps 2
u(x)=1" *=? 24
(=10, x<o @4

TEAT WK 75 R AR TG DU T, Bl = (R A iy il i
ERENNY )
Pr(|R > A, ¢ |impulse) = f:hf fi (X)dx (25)
FMWUE 5 IS oG T B I
Pr(|R| < A, ¢ [impulse) =1-Pr(|R|> A, ; |impulse)  (26)
2 ik sy 5 4y

Pr(impulse not detected )
YETMqP(R A limpulse) |
= r(|R]> impulse
“l ok h_f p
.[1 —Pr(|r(k)|> Ay ¢ \impulse)JM“”k (27

XL M N T 2 R
ABEAT KRR 7 R s TR 5 (R R S e L
(KIBEAE T S P s XK T Ay, ¢ HORBER

Pr(\ R|> A, [no impulse)

0 X2
2

w X
=, T (x)x _L\U O_Vzvexp[— 207 ]u (x)dx (28)

SEHIRQT), BATAT LSRR

Pr(false alarm)

=3 (M Tl Ao mpute) |

k=ms

.[1 - Pr(‘r(k)‘ > A, ¢ |10 impulse)}wlmk (29)

5 4R T R AR A A K 23 AT 2R, Sk WL s D 1
fihme =3, A, =327,

—— False alarm
-- Impulse not detect

Probability

Ay

5 Ik 7 AR B S IR R R R A R
Fig.5 The probability of false alarm and of impulse undetected of

frequency domain detect
5 BIREBESUEANRIESER

DHTPTIR IR I PR I SRR R S0 4% A
H T LRGN, BRIkl SRR R, AR
TN S G T . LU A AL I, FRATT AT LA
KT
(q+1)(M+L)-1

1, > dy(k)=m,
k=q(M+L)+L

M -1 .
1, z dy ¢ (i)=m,

iI=M-Mg;

0, At

Csl(q) = (30)

Horbrdy, (k) #1dy, ¢ (i) 2030 2 (7 AR(19).

N T WE WIS S TP AL, A S S e i
Dody (k) O R h T 5 0, DREA K Ly, DFEA
Dody (k) (K T T HEREAT L, MREAR D dy, (k)
fe, HP

1 L =1
Ibzargmlax{ kz;‘ dth(k)} @31
AT ELFIRASE R Ly, BOKRTTAG T 28, MEAS

e T kb R IR AL, ARk KB CAnRs o0, mt
LA Bk b A R AR A . i OFDM ARSI 180
Hh 64, Horb 8 NMETRYIIB, WM =64, M, =8,
TRAP FEIE UM RS TE AR IL 2 LU L, W



9 ]

ZEOR A 20 B ) R AR Gk A AR FET TS 1701

DQPSK. 4 T itk IDFT by th s (455 77 21 g SEE, 4
ZBUHE I Hermitian 6PFRME S0, BRI #85 vh 0 ARUAT 54 15
A
d,. 1<k<N/2-1
_|dy, M/2+1<k<M -1
0= R(dy), k=0 32)
Im(d,), k=M/2

&6 45t T &S S AL BB B i ISR URAT 5 o R
HUB SRR AT 5 23 S B 6(a) R 6(b)FT . Blfs 5,
ik R A7 B LS R VAR, AH R IR AR P R
77 (amplitude nulling) kAL T, Hl

?,nwwﬁﬁﬁﬁw

“ | n, Hot
M55 1, #E4T DFT, HAE N R, (k) =DFT(r,) , HradE
TRYITBE IARE By, AR X RAZ ST 0. NV i%TR
HFEA 1, A& —AFF4, M1 DFT 22kt He, iRk
IR T 2 S J e e FS BRI A5 py » TR DFT Ja #4453
55 ISR A A TR R A o B AT AR FH X — sk A 5 2K 1)
FEA py o IR RGEN L, DRI

(33)

Iy +Limp —1
P . 27kn
> pnexp(—J”Tj:—Rz(k) (34)
n=l,

X HLR(K) AR FARPIRE [IDFT R 3 @i A5 p A ry,
75 Nk = N + POBUBIRT , BEECHE B E T (HIX
FhE 5 MR B A 25 LR SL T IR 52

K7 5 T TR M 5000 16, 64, 128 Fil 256 I,
SRR B M/8 [ OFDM R & fr B ) 218 L 2248 ke
T RIS A I AN S R RIS, W R
TIERAETE R R D5, 8 SO R SR R T RS, kg
TR FH SRS, 917 HIASEZY o Shy T A4 L R R A 5 T A
EItERE, RGRAMAGEmS. WK 7 iR, EETE

0 . P iy 0
-1
0 50 100 150 200 250 -1 —0.5 0 0.5 1
(a) Time domain symbol (s;) (b) Frequency domain symbol (d)
1 2 -
S g 8
WAty - A
», 2
0 0 ."!'e" :- 3
"M T
0 50 100 150 200 250 -2 -1 0 1 2

(¢) Time domain symbol
corrupted by impulse(ry)

(d) Frequency domain
symbol before nuling(R;)

w052
0 o AN nng ot '.'Q;“ R «,\,_i,
bl NS
ﬁa:i' il T
1 N . . . . . O
0 50 100 150 200 250 -2 -1 0 1 2
(¢) Time domain symbol (f) Frequency domain
after nulling (r,es(k)) symbol after nulling (R,(k))

6 Bk P R A2 BRI

Fig.6 Steps to cancel the impulse noise

10°
-1
10 — M=16 nulling
---- M=16 without nulling
o 107 —*— =64 nulling
g —#— M=64 without nulling
107 —6— M=128 nulling
" —8- M=128 without nulling
o R —&— V=256 nulling
10 —— M=256 without nulling
107

Ey/Ny
K7 oLy 2Rk E 8 DQPSK-OFDM R 4e 1 fit
Fig.7 The performance of DQPSK-OFDM systems over
middle-voltage distribution line channel

EH M PR, REEmckELr, M4 M KT 256 I,
REVERESGE AR MBEI BT, drE e Lk ae
WARIR, RAEWELLE O E AT > e, B M=16 1
o MBMEE BN, AREB PR Bk b o1—
2dB, il = {5 LE IS R R BE A T B2, il M=64 Rl M=128
PO A SR BEI A3 4, TR AE e LU I (P Be A ik
HE, 1A LG R e U SV N R, T 256 B L.
HUE T LLA B IR R R AR SCRE IR DG

6 HRIE

FEL ) 4 K e R £ PR A e S D AN 5 P B S
OFDM # 4t 1) FE % i) J o Jok of e 75 A 1 O£ S A A T A
RIS A% T LURE S 45 5 Fnac AN AT e, SEELBCHI
= ERCIDEE ek S I NE P VA vl oL el gtk iy anad)
e 7 T RS IR BR A e 7 o

XF T OFDM  Hi, g £ A7 18 v B SR Jik o0 il 7 v v
REFKI M4 AL, T LA s R oA DI (K AT 0t KRB AS AR 4t



1702

N R B A S N

28 3

et S8 AT ) OFDM  Hi Jy 22 A7 T8 I I itk

b

SR AT T A RAG Tk b e P AR PRI

Ao AT IR AL RA T e P R FROARE AT I A5 21) T 3
GUIECTAE B o AZSIAAE R e LE IR Jik s (5 S 0 55 T RS
TAREFIITERE -

(1]

[2]

[3]

(4]

[3]

(6]

(7]

(8]

& % 3 B
Chow P S. Bandwidth optimized digital transmission techniques
for spectrally shaped channels with impulse noise, [Doctor
dissertation], Stanford University, May 1993.
Cimmerian M, Dostert K. An analysis of the broadband noise
scenario in powerline networks[C]. Proceedings of the 4th
International Symposium on Powerline Communications and its
Applications, Limerick, Ireland, April 5th-7th , 2000: 131-138
Ramseier S, Arzberger M, Hauser A. MV and LV powerline
communications: New proposed IEC standards[A]. IEEE
Transmission and Distribution Conference, Baden, Switerland,
Vol.1, 11-16,  April 1999: 235-239.
Haring J, Winck H, OFDM Transmission Corrupted by Impulse
Noise. Proceedings Int. Symposium on Power-Line
Communication and its Applications, Limerick, Iriland, April
2000: 914-918.
Oppenheim AV, Schafer R W, et al. 2, XIff%2, saE1E, &
I ) £ 5 AR B UG 22 VY 20 AT 08 K A AR, 2001
559-562.
Proakis ] G %, 5K %, KB, MERSRE. FBrdFHE=
J). AR AT Lk AL, 2001: 477-481.
Lechleider J. An adaptive impulse noise canceller for digital
subscriber lines. IEEE Global Telecommunications Conference
(GLOBECOM92), Orlando, FL, USA, Dec.1992: 36-39.
David Middleton. Non-Gaussian noise models in signal

processing for telecommunications: new methods an results for

[10]

o

eV NE

class A and class B noise models. IEEE Trans. on Information
Theory, 1999, 45(4): 1129-1149.

R, SURF. 10KV G G TE R i 5 AR
GeeE .

Vaseghi S V. Advanced Digital Signal Processing and Noise
Reduction, Second Edition. John Wiley & Sons Ltd, 2000:
355-377.

e B, 1974 4, LA, WERHUODZGER, EE S
L5 BT AR

W, 1952 4F4, i, WAERIm. EEARZHEGE
SACER, ek B IAE ST I T AR,



