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Abstract In this paper, we simulate and analyze performance of iterative coding scheme, double binary turbo
code, for high speed power line communication (PLC) systems. PLC system has hostile environment for high
speed data transmission, so error correction method is necessary to compensate effects of PLC channel. We
employ the PLC model proposed by M. Zimmerman and Middleton Class A interference model, and system
performance is evaluated in terms of bit error rate (BER). From the simulation results, we confirm double binary
turbo code provides considerable coding gains to PLC system and BER performance is significantly improved as
the number of iteration increase. It is also confirmed that BER performance increases as code rate is lager, while
it decreases as the code rate is smaller.

Key Words : Double binary turbo code, power line communication, Max-log-MAP, OFDM

.M 2 AlolE AAglo] 71E9] Mg Aol BA1S & 5

om, AarAel e 6“*01 wof 917] wjiolch

~uE T1EE Ak o] o)gpt HWA fd oAl ) U2 waba PLCE A28k Mx|H]80% olato] A2

EQE 24 F 5 NS 20 Qi AYAEN Qo A4S Ageksn Assn AsaD Aols

(PLC : Power Line Communication) 7]&°] B2 5 o] glE Fo| ML A o] gtk BAlo] 7pssith
= WAL 9lvh PLC7F 7Rt g ARl o] e AT AFAL A Hlole AEE 98] A

A o dole] Aol oigk et 34E zhar 91|

Bedeha dugotat ol sl As)or & B TA|So] dolgrk A% A

e, S T 24 A2 F2 ol¢r Tk QuEs, Qubel

39, Fedsta Hulzstt Sto] E 74AIQE o] =7} opyd QIE s o] 2o} e

H4=AA}; 2010.10.4, =AU} 2011.9.2 gale] Fukss o)F zHaolth PLC Ade Sy o

AAEAH LA} 2011.10.14

- 185 -



H(front end)®] Sto]E 7H§-A] 9k

B 54 Ao 24 et Hex
&) HAEHE QWA wo|2TF FQ
ek A A Sl A 5 7R
o B3 o) vES a0 A% 7
2 A% sl tEgest wad E}S

LZ.(WGN 9} A

E
o)
s Z

_|_4

ol Beldk Ad =& S53817] fl8iA, PLC
Aol disl vloleE dFshes wete) £44E& BAdst

71 S1al A @Y Adel AHgEEET, AE7
PLC 7]zl Bt 515 A 519 75 o] Ak i

19934 Berrou, Glavieux, Thitimajshimaol] ¢Ja A<t
H HE Z=+s ‘ﬂ%ﬂ T2E E3t s P
walgt¥, 1 & gy mse F2E 545k d
B4 sEE US PN o]F olx HE FEXE A
QP qE o) B A ¢
o] B} 13t (encoder)dl === Hh4,
BlR ZEoAe T HEZ} AW 9l
t}. o]F o7l HE F=E
7} F7kshe 5ol eRte o

?sL H]E\Z‘Il—

©
©

2
L)

m

10,
IUIO I
>~
Rl
o
lo,

s o O{N

k
|
Jﬁi_\drﬁrﬁ

Y
Y
rir
jin)
9,

N
K
o
ot
o
ofN
N
>,
N
B o
o

o

% o] BlK s=7t B3}

s
rir
=
=)
ko
o,
>
)

o

(i
i
2
o
)

N
o
2
of

0 oE
ok

P
rlo

2,

oo & > -
CONG O ]

o & 3
ol
32

2
rroox

=
od
=
o
rr
o

TJr PLC

H%%

=
™

[e]
=

c tlolE AEE9]
(demultiplexed) Ak WY ol
/(N4 T,)ola BE A& 2&A 7
T80 Ny Atk dHelH
Aibgith 1 AREL Ty
T3 gt

A7k
IFFT+
3 zn)E

M

AN n=0,1,..

UE4R g3
(ISDE °1skal OFDMe] 2l
T2 AdelA OFDM®] A al/d (orthogonality) <
A7) S8 7tE e S
& AAsL] S8
A ddx Setro Aok 7 WAl OFDM &%

o v 9 N, AlE52 OFDM =229 s(n)S we=
3 2] 1 E-(preamble) 24 HAME 3L £o] T} o] Zlo] 2
4H A cyclic prefix(CP)olt}. o] AL nlx Als:=
s

FAEA AFE HolE= CPE AAE F 2
3, FFTE M3 2 299 N, 4EES B2y
of A BAHA JtE QlEEe i AR
N/(N,+N,)ell ©lal OFDM A<2] A4 Z&2 4
5] AT

Double
Binary
“Turbo

Encoder

Virtual
Carrier
Addition

Cyelie
ff Prefix
Insertion

P
Converter

0| 0|7l HE
OFDM #Z=

. OFDM structure based on PLC system
with double binary turbo code

P/S

Stream Converter

-
=4

Mapper
IFFT

PLC
Channel

Double

Output | Binary
Turbo

Decoder

Virtual

1t

Cyclic
je— Prefix
Removal

PIS
Converter

P
+ | Converter

Demapper

i

a8 1. AY JHES| PLC AJAH 7]t



20111 102 BHaOIEL

Mt =2X| M1 HMs5E

18 HE o AAH PAEES] tde dad
222 QlI5te] tlofE] ZFo| EEgt Ad 5SS 2=t
ol I E FAGFe] He FoA] A5 vALE
do7)7] wioll, AE7}t 24 F/FAe Alo] o] 2 A
 ARER AoEA] Fes Fddlortt & AE
W27} Aol B E T A 22 T A
g9 oz A Ad E4S o)

AE M= dAR v AR st S A
I AR AE e, 24 A2 = 2 AR E pk
AHAIG FHAG] #Q weighting factor ¢, 5 2t

o} A g M e BE vl AFe BoAlFE 15T
A 2t} wEhbA g, 9A] 18 ZAY 2ok A2E
e} e[} v o] AR g = U &
obd Zloltt. Ay}, e AeE 7l
upzba] ol ARE Afte] EEd ASES 541
7‘401]"194 AA 2ol & T
= BRE NAY FL2

o NY ARE v
PLC ZH g 2o M Zimmerman¥ K. Dostert”} A<t
ot ok 9] 5 YA} branch dPHoZ o]Fojzl
tE AR 2dg AMSH, Ald Fokr g o

-

Gt el ekt 4

rd- 4> X

— k o ,
H(f) _ Egle (ag+a,f )d,.e 2nf(di/vp) (2)

—(ao+ ”1fk )d;

s

oy7]A, g;+ weighting factoro] i, e

—2rfldi/vp
e L

A225lolA] Hlolg] Aol 744 o

1‘
o

1NJ
o

= 9] 2% asynchronous YE2~ 0]
2% background ‘*O]Z Bt} 50dB ©]

YA 7[R 1 2‘71 i
2

)

ol
i
3
IN
>
I o:
>
or My MT AL 2 &ooot

&
pass
A

o, i FAlel A 3

Zroll kA o 7 Aste] Ho|H 9 A FiEs
Al Qi o] FH| wol=2E Al2E UES A
Al on/offell 9] 9]¢ = F(switching transients) vl
ol WAEHA "tk background o2& Zol|A

=
tn o
e
N
el
rh

g o Ao o] AIzE et WE gle 54
(stationary)& 7FA AR}, Q1H 2 o]+ microsecond
of| 4] millisecond F¢F F&E2 Wslelt) uleba ¢l

2 o]z pdl FHgle Hie Al F et

oH~ wolz wdS $Ysy] Y] Middleton
Class A o]z 22 mjatgt!, o] malo] s}
o, AA wolzE F I EY 947 o]Fojxn
71 gt}

2(t) = 24(t) + zp(t) 3)

A WA ¥, z,(t)+ stationary background

T HA () e P

o} 2 (1) = thewh o] viepa 4

za
o

2p(t) = D U(t,9), “

A7|A, UL 1 2225 H 194 935S 19
st 9= 39 Av|et F2E Awste Wy T
Hol Jg& vehlith #EEE A-A 58449 <
2= o]z =& AR Poisson processE WHEH,

o]z I Eo] 1 A7k Qtell HAE A, vdaA
(noncoherently) &2 BajFtiar 7}A st} o3t 714
Sloll Class A o]z &do] 35 W% o<=(PDF,
probability density function)& T3} o] Fo] Xt}

~ A, 2:2
f.(2)=] exp(——+5), )
m=0 27['0'”1 2 m
-~ AHL
— A
ay, = € m!’ (6)

A7, mi YL wolze WA 55E ekl
ol 20) T WAL} Qe 9

o
- hl
0] W A& FoA, B2 AEAlindex)
A (DolA, o? = T o] Aejdn
O’?n: (03 +0;-2)

— ™

Selg 023 o2 247}

background *=¢]Z9} <

- 187 -



D2 MM SA AJAHS 93t uhe 853 Iy
H2s wolz9] 395 A 't background =©] Bl S, e ol Ao zRE Ak
Z o 9"~ wo]=  H](background-to-impulsive el
ratio, I'= 0>/} Rui=3 S ={+a") " -5 ®)
71 1= w9 88, V= tolx= ms &
g dky|olt) ¥ 1S Mo A& o kol gt 59}
. gt= 23t 7|8 S Atole] BAE HelF),
1. H= $§§*7 ! =1 a8 A g
o]% o7 HH 9z = 19 20 Yeh g, Table 1. Circulation State Correspondence
714 S, S, TP S AZE PR 2EE TheR) St~ o il2 |3 lals]e |7
o AR e w2 749 Hii}ﬁ dlolE] Al Minod 7
#2 A8 ARFAUCRSO Aol F W Yol e N LN AEARSEAL:
o A HAE 2927 994 1 192—%HHHIH%EH 3 0 51316 |17 |11
o &ATR QAT T ohee 29177 914 201 3 4 0 a1 [57]6[2]7]3
o u A7 A A3 wEel FWEAY By me > e RN
(CTC) <l E%‘ﬂlﬂf’ﬂ o3 delgrt 4131 EAUE 949
: 28 Azl 8 85, o) A 998 ¢ 9
o]t} HiiE -iﬂ‘)“ﬁ < A HMEA MSB+& A, a 1
0e HEE B g3 Uuid HESE A B Ry oo TE
i%%%rﬂr AR, 2703 & dags ¢ dagy e
Hol| Al M43 3Hpre-encoding) $-ll WeRd &3 A H
A SpE ZHe 7 AEd A (i =0, ..., M—1)2] Hol¥]
¢ 7} 470 (interleaved) Al# 220l 2J&l J=lF L) o] F W
A AaYE ¢, AzYole} B2,
dolE] A9 ghlsh oAy Bae S5 9]
) T w8 et AgEolo sk, 2 4 &
i —— ¥ 2 QAN 98 Ad 1 ARAE T ol oAl v W
S ar Rl e R D s M
- | 7} vjole} Ao sl FEEE 2= e T
systematic EES ¥3aleu, 1 NESLS Qe
| L L X)% ARl EAst Bt A A 7
|
|

a2l 2. 0|= 0|l EE Q13
Fig. 2. Double binary turbo encoder

A, QFYE BT AR AR 27
7VeheE =g~ =0,.., M—1, )5 %
o] Alzel o i=ETh doly Al
= S, vpx)uk A 570 B o

2. BHE B3535}7|
a9 32 o]F o|X HE fadY A5 HojFErh
systematic 2= AR AE 4, =1{00,01,10,11}<]
A grolek. gy 13 HEly 25 A=y g A
E Azt A goltk. L,(d,) & i = 1,2,30] tig A
probability)e] =2

OEH

%3} (posteriori 9w

- 188 -



20111 108 SHRQIEAYSEAISS| =2X| Hi11H M55

(log-likelihood ratio, LLR)®]13 Lf(d,) = €% A1

(extrinsic information) ©]t}.

Received Signal

Demodulator
Demultiplexing

Parity 1 Parity 2

SISO
Decoder 2

L(d,)=0
SISO
Decoder |

1 L,(d,)

a3 3. 0|3 of%! EE C|EH
Fig. 3. Double binary turbo decoder

Systematic Information L (‘i'u )

. Interleaver
W

Deinterleaver )

R 3ol Al 4 HEES trellis MUX
5 58 AR H]ES} JglE HER vrrolzit) 1eal
AR /32 E] v E9} SISO(soft input soft output) Tl 3
Hol] AT 9449 ARI} B35 340l ALLHEL. B

T WA A= o)dd By Ave} Hlay |, A
o] AFE T 96l olE e e s
HRESith 2 oe] wHE o) Wi grEo] soft
decision®l] 2J3f A4 €.

3. Max—Log—MAP &12|&
=R AE AR ALte] ERAE Fola, A
YFs Foin, Wy LRE Fol7] 93iA
B RZo] disid HEd duElEoz Max
Log-MAP ¢3e]5< mefagitl®”,
A H5sg) 2o we} o33 22 branch & o]

g5 dudes e

Jﬂ

’}}1:1' (‘S:u -1 ~w ) hl’}}u ( w— 1w ) - lnp(yw dw )P(dw)

©)

o714 8§, Az wol A 1zle] e vehy
3, g, A A2E JEe, 4, = An ARe
et A (12)9] Avke gt 2.

— 1
Yol S S) = 5 Lelyi (D) + () |+ mP(d,) + W
- éLC[yz: D01, S, 8, + %l Sy S,)]

(10)

A7yl yn @yt aRla g9 27 1A o
Q LS E3lo] 219 systematic B1E S} Fg]E] 1

E @S yepit an gl :
a(i, S, §,) % 2293, S, 1, 8,) & 27 QPSK

(Quadrature Phase Shift Keying) 44 %=
== HEES YeRY e Adgeolth

O MAP ehate|ol A ey v o
ukEo) olsf AAE #% a,(s,) 9 8,(s,) S Tk
ole] Hdlgts Tt

a_w(sw) ~ maXSw 1 {’Y_w(swfl

a1 v, LLRS ANkt

(81 5)

E‘ %ﬂ (5'“ - *Svu,' )aw -1 (S;U -1 )ﬁw (’Sw )

(13)

/1A i=1,2,3 otk 1231 9%
ol Aara 4 gl

A bt

(Sw 1 S.)
S A, 8 )y, (S, )8, (S,)
o d,=i
Lf(d,)=In (8, 8,)
DI RS CANHES

(14)

SISO tl=d 1 9] Li(d,) = SISO Tl =y 29 o]
Arolty, w3 SISO vz 2004 tj=d
SISO t=Y oA e WHoz $8Ht} SISO
vz 29 £(d,) = SISO vzt 19] o)d Axolc),
2 el 253l IS wHE 3 soft decisions®] the-
Aol o8l w50l

4ol

- 189 -



Mol A= branch AA = 5712 714 3}915}
7} branch A4 ZAol= 2~ 10m ¢ WA AFstA
|

]

U_L

o
2L
=
ON

o tluto] 2] on/off FE3F A AA
% skglvh 949 delele] 7= A B7F 47 212

ER F A4VE, FFT ¥9E+ 512, CP Zol=
2 AAsgon, A9 =z 01= 7H4skdeh
4= PLC Aol A vhE 3142 wh& SNR thy]
19 SEs L}EME} ol Nwm PEEE 13

18] 5= PLC Aldel|A] #3580 ©h2 SNR tjv] H]
E o3 55 Uehdith o] A3 E vk SeE
1032 A3t 455} 1/2, 1/3. o] A7HA Pri%oﬂ
gt Ads 9tk o] H3&EL puncturing
patternol] W} HEE] HIEES AATOZN AS &
Atk FEgo] T7HEGE puncturing patterns
of sj2|E] H|EEo] A|A=317] Wil BER 45
oAt MR F35&o] ATFE O/FE AAsHE
o o HelE HEE BolHB& A~y 45 5

7Het

- 190 -

- — 5 iteration
~&— 10 iteration ||
W -~k 15 iteration ||

Bit Error Probability
I

e
o
[

oo

b N

0 5 10 15 20
SNR (dB)

I 4, £580] 1/3Y f, ¥H2 3120 02 HIE o
=E

Fig. 4. BER corresponding to the number of
iteration with 1/3 code rate

—=— Uncoded i
| —a— 4/5 Code Rate
=o— 1/2 Code Rate ||
- 1/3 Code Rate ||

Bit Error Probability

SNR (dB)

J8 5. 45 21471 3 o, RS20 K2 HIE o2] &8
Fig. 5. BER corresponding to code rate with 10
iteration



2011 10 r=QlEflgE&SLets ==X MiE M5%

Al2"lof] A3l 51Y o] =8 A3l

= ho4

BER 35

REFERENCES

[11 J. Y. Kim, Power Line Communication Systems,
GS Intervision Publisher, Seoul, Korea, 2009.

[2] A. Majunder and J. Caffery, “Power line
communications,” IEEE Potentials, vol. 23, no.
4 pp. 4-8, Oct. 2004.

[3] R. M. Vines, H. J. Trussell, L. J. Gale, and J. B.
O'Neal, “Noise on residential power distribution
circuits,” IEEE Trans. Electromagn. Compat.,
vol. 26, no. 4, pp. 161-168, Nov. 1934.

[40 M. H L Chan and R. W. Donaldson,
“Amplitude, width, and interarrival distribution
for noise impulses on intrabuilding power line

IEEE  Trans.

Electromagn. Compat., vol. 31, no. 3, pp.

320-323, Aug. 1989.

communication  networks,”

[5] M. Zimmermann and K. Dostert, “A multi-path
model for the power line channel,” IEEE Trans.
Commun., vol. 50, no. 4, pp. 553-559, Apr. 2002.

[6] S. Lin and D. J. Costello, Error Control Coding,
Prentice Hall, 2004.

[71 S. B. Wicker, Error Control Systems for
Digital Communication and Storage, Prentice
Hall, 19%.

[8] C. Berrou, A. Glavieux, and P. Thitimajshima,
“Near Shannon limit error-correcting coding
and decoding: turbo codes,” in Proc. of IEEE
Int. Conf. Commun., Geneva, Switzerland, vol.
2, pp. 1064-1070, May 1993.

[9] C. Berrou, C. Douillard, and M. Jezequel,
"Multiple parallel concatenation of circular
recursive systematic convolutional (CRSC)
codes,” Annals of Telecommun., vol. 54, no. 3-4,
pp. 166-172, Mar. 1999.

[10] C. Douillard and C. Berrou, "Turbo codes with
rate-m/(m+1) constituent convolutional codes,”
IEEE Trans. Commun., vol. 53, no. 10, pp.
1630-1638, Oct. 2005.

[11] D. Middleton, “Statistical-physical model of
electromagnetic interference,” IEEE Trans.
Electromagnetic Compatibility, vol. EMC-19,

no. 3,

% This work was supported by the "Green Home Sensor Network (G—HSN) technology development" of
the Korea Electrotechnology Research Institute(KERI) grant funded by the Korea government
Ministry of Knowledge Economy. (11—12—N0101-26)

KR A0

A 8 AE3Y)

b o

AN .
0@—1‘ N oo o

B
_>\i
=
Q
-
e
o
1z
w
=
ra,
-
o

J =)
o
e
e
L
L)
2
of
[
[>
=
(m
I

o] FA%EA, OFDM, 93

o] A X(&3Y)

» KERI Power telecommunication
networks researcher

» KERI Senior member of
tech—nical staff in PLC network

* #l)Project manager of the
ubiquitous PLC networks

<FAEok ¢ PLC, Home Network, Network Management
System>

- 191 -



* KTF A4, IS-9%5/WCDMA 9+

* GCT Research, &41-8 2513 74

« ¢18] WIMAX Program Office 5o}
Alo} 7]=d

* J1) Nokia-Siemens Networks

<FHA

o : MIMO-OFDM system, high speed wireless
communications>

- 192 -

MM S A2 95t gk 258t 7Y
« Aeustal W71 B ZeHAIA s Agustal [xkeelst gahuat
 Geoishal duhgstat gL * A& osta

A4
» 157 Princeton University, Research
Associate
« SKeel & FdAT4

gl

+ 1= Massachusetts Institute of
Technology (MLT -&tl), Visiting

Scientist

* [EEE Senior Member
FBHLWSL ARG FI w5
GrglEol ¢ RN B4, Avie 22)E
UWB, LED-ID, DMB, RFID/USN 714, o|-s-F41%84],
TN, AA T FA>





