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Study of channel capacity for low power-line based on QoS strategy

HE Wei, ZHOU Ke, ZHANG Chao, ZHANG Xia, DENG Ying
(College of Electrical Engineering, Guizhou University, Guiyang 550025, China)

Abstract: In order to maximize the low power-line channel capacity under the constraints of bandwidth, a method of water-filling
algorithm based on the specific QoS strategy is proposed. The multipath propagation model is used to derive the closed-expression of
the maximum channel capacity under the condition of power limit. The analytic results show that the number of branches, the length
of branches and different terminal loads have effects on the PLC channel capacity. Simulation results show that the mainly factors
that affect the channel capacity of indoor low power-line are branch number and load impendence. In order to evaluate the
performance of the proposed algorithm, a simulation environment based on OFDM is designed. The simulation results show that at
the same SNR, the performance of proposed algorithm is superior to the existed water-filling algorithms. When SNR=40dB, the
maximum capacity of the proposed algorithm is 1.37 times more than that of the classical water-filling algorithm, thus meeting the
demand of high speed index in low power-line carrier communication system.

Key words: QoS strategy; low power-line; bound water injection; multipath transmission; channel capacity; OFDM
hEpRS: TM73 SCHRFR IS : A XHHS:  1674-3415(2014)13-0106-06

0 3= o SCHR[O1R A £ Ly KL AT T L R AE 8N S

= MMWK%%ﬁiﬁhkﬁg,Lhﬁﬁ%ﬁﬁ&

W2l s (fRiRR PLC) EFIHCEIRM ) A, NEEAR /&G sl 55 E bk ae . Sk
LR AR AT BAR R A K 576 BUA 5 A i i £ 52 m%ﬁT%m%L*Eﬁ UIRDRI R, (HR RS
A, B RN T 5BE PRI A5 e NS TS Il IR 3 ) E A AN 5T o SCHR[8-9]
M, ARG U A e, HAT 3R TR, IE TR TS IE R RS
XL AE REST E S e e Y (5l B, R TR KRMARSE AR, HHRERI4ET)
FrvE il i st R E A BT E RO ERR TN L, SETHRIRY. RER
il . XIS RAEFEA BNV, BRI ER i (Quality of Service, QoS) &Il 517 MLl 1) —
FASER bk W H R REGIRT G IE R RN Pl AUH], i 5o £ i o) R R ] S
W A AR IR B3R ELRE R % . SCHR[10]
EETIH: iMAHFHRARALRD (BAS T 5 $2H T Al TRE QoS M /K&, Koy
[2013]2125 5); FHAHF /T O RAHIEA (2009) 0028; B K TSI Ih R T EAL, SZEL T RS
oM K F AR A4 H A4 (FFEZ T 2013002) SIS, ARUE T —E 1 QoS /Ko (HIZE AR L 4y




B,

JET QoS HEMS LI ) B i A 9 - 107 -

(LR R R EM Nk # 80 E S LS G b
RLRIUE DR AR A . A SCES S 2T AGA KL
A QoS HLHIIHF L, $-H T HTHFE QoS MK
LPREIRETR, 0 H T SEm s L ) A T A R
TR KR INE . FIF] OFDM SRR fi A5 5
BEAT B RS, AR ER RSS2 1
FILLURFE, IR e AR R . fa, RIEA
SCERL, s TOREER, PR AR S AR
J€ QoS A AT AKIEIAT T 5 B LU

1 RERNEEERE

M SR, A iR, HAdmrr k42
WHAREHE. SN, 2 308 b 3K
I AR, e tdmls Sk dn, &R S
TERERAR, BT SR O T i
NEAGTER BN T EIZE, @7 RIFEERR 5
RIS, H AT A S R ) G T AR 1
L PRI 2P AN A 2 AL R . ). Anatory
PR TR HL ) GAR T 1 I g MR, e
PR TR HL 0 30 [ S 9 DR 2% S 4 45
Hh), BEAG S A 1 sl B X AR s R B TR L £
{708 AR5 PR 1) AN 28 D 2O BELPURRPE  (HIE
M EH BN SEL 2, Pl ses i
FErP A LAMERRSESR, AR T3 i 2 i fis &
eV 2R I . MUK AR TR ) 2k 212
AR, g R AE R T 5 S SR Z I H
EAGTEN )2 B BRI U 5 AR R
RENS FOUh S W A5 5 (B HR I, ) izis
T ARSI AR e i . PIASCR I 242
PARE AT A s v A TE AR

DRI AR T 2y =2 O )2k
O3 S AR N B I BT 2R B B TANVL RC 3 18 11
FOT R B @k EARAE KRN ) S K
FOSTEAL TR R 2 AR SR O RS R
ko ZARRNIIPRMIN (1) H

N k .
H(f) =Y ge o gvn (1)
i=1

e NERAR T g AR KR EG a0 a)»
k HFERRAREG KBL0.5~1: g NERIEKEE, ERATIT

o d.

e~ GGy e st
% C

oy L SRR B N TR O

V. S RBREE R I MO S SR T %

1%, T EAE A B P B, 3 S

R .

i
2 HAZ%FERE

S S R RN ORI T AR, et
F 148 Ll SNR (e 56 PSR 47 0 8 54 4L 1T
R AR, A B AR AR E ] T )y
At I FIRE A ) R B 5 TRl
WA, AT R MR,
" S(/)
€ =], Tog, 1+ 7 7HS )
e SO HW PP s SO PSS %
e HOO) WA RE: N() R DR
P NNE S HH RN HIEHL I
FA AR, R € HOSRAR TR
POP)AT AR ALY F5HE 78 50 F I I B
D, BIRTSEBUS A BB, HrH A%
EOMITT N I K e (AL, ZRI K RS
BT DR IIEN AL, R REGIEDTH 51 Lo
AL, Jf BAZIT RS QoS, AL Rf 5
Momaid, ERHEe. ST, AR T T
QoS HEMS LA, ERBEVR IR LSS B
L
D BSR4
VEIE ) A IRV IS PRI, AT (I8 A
B¢, aptog,av 2ILEy o p Jest A
DD, H 5% AT GRS, N, 2
JON TR T . 2 B AL I A e it

M M PIH.P U
G=3C =3 tog(+ 1Ly L YRS,
J=l =

= J
P >0, B 2fEEIHIN GBI,

2 &M, S, PARFRRE A TARERIA
R ORI O L A= S IRV stz o (T S
S, =F(P;,M ;)M

i

<

o

HHX'

2
g Bl 3)

Hep, M, =2,g=1,23,.
3) 5 SGRHERR IR E" @ =10° Fx PLC

WA QoS.
4 %
M P |H. T M
C:ZAflogz(l+#)—l(2Pj—Pm) 4)
j=1 j j=1
. 4 OC .
Xﬂ‘Pj;k{ﬁ—EF}JF?EjJ 0, 1=

J



-108 - & 0% EP DA

)

th P, > 0%, m >M 0
N, Af

$) B TR LY, Ay, >0, 7
/2 QoS W HE I, KB T M, {5, dkif
21 S,, » FHlERG) RIS BLLH j A THE
1% P, .

6) MY R TR RIS IR By >y I
é\il?UK%IjJiAp/ =h, v, L=y %10<P®. <y, I},
REIUE: Hp <o, 4P, =0JFkMIZTHIE.

7D R A TR R DR SRR j+1
NFARIENS BB, =Py +p,» BISLLER 5).6),
R IEAC, BT A TAEE 1 7 BC 2 AR i AL
0<Fy <y,

M

8) (LA Y Py, < B, MIRTHR T, ARy
Jj=1

Hofis, JFFSTHULIN P, A p RIEIE T

P, 45 B, IAR(S), H5I5%
AflH [
__ )] ©
(Se; + DN, In2
9) H5(ORAR@), MBI fE
&%

2
M Pq)v‘H,‘ Af‘H M (7)
Co = O Af log, (14+—2- ! P,->P,
e = 2 Togy (14— G v N 2 2 F)

T TA, ¢, RS )
BUBHIX, T a() EERERN I . K
R 533 235 N B 5 R BERAE N,
B, AESDEOI R, A B £
SOHCH A R BRI S SR BT = A7 T
AT (it

3 OFDM Bi&h Al

TR E QoS IMARITEKIL, AT
= PR L D A iE A s KA I P AR IE 3 5
TODIR S i BERE A5 TR R A 5 Bk m A
B H,  IXAE S BRI AS FEEH R 5 T AR DL
SORBNE R BEAS 5 1R 55 5K OFDM SR A
GRS TN TN (B S Wk P A Sl i
15 45 Kl OFDM [ I8 B i AR ] R s
B G s BEOR DU A S IR BT, AENg

‘ 2

AL S A NS5 AR R, BRIRAS S7EAE
FE LR AP RS RN K L SE K

OFDM  F A 1 F (145 5 W 7 =0 2 1t
1E AT 08 FE I H (CMQAM )« XUA A% AH B 2 1 11
(BPSK) FIPUAHFL AR+ 6] (QPSKD. MQAM
MRS R P S EE T R S g « 15 S P8 o
P ORI TN R N AR, WORZE RN

erf(x) =—j‘_ j:e’”zdn v 78 3y =erf(x) BB HN
T
x=C(y)> iy erfc(x)zl—erf(x)z—j‘_jwe”Zdn o A
T[ X
A5 R, 322 _—6}"2 é 1 .E,gg\:/\
MQAM MBI H p o —1—erf /2 ST A

> £ g 3 5 P
i, Ziﬁﬁtlﬁ#ﬁi}i&qmm :10g2(1+5§ ( II—RMQAM).N) o

X T AEBEARE A 45 18, MQAM., BPSK Al QPSK
TERRN A5 T8 0] SR RS LLAR o) 7oA

1 3. P |H,
o = | 7108014 3G P =5
J

Gupsk =1 9apsk = 2

o, ent(x) A/ T x AR

OFDM [ i v 1] il 7 325l A 4 4 iy 147 3
i IR HeRr Bk S A A1 T7 o 2 g <1 I
PWIEER LS, 2q¢=0, XKMZTEE: 4
g=1, WEF BPSK iil; Ml1<q<3, Wg=2, ©&FF
QPSK il %53<qg<5if, Mlg=4, &FH 16QAM
Wil Mg>50F, Blg=6, EF 64QAM .

OFDM [ 3 W 1 il 7 125 n A 003k A DR A5 T A58
R 1 B bk RS AR G KA EE BRSSO
TER KRR IR T IRE SR, fem T E 51tk
LB
4 BRAESKESH

AR H SR RIS IR TR 2 QoS
LA KIS OFDM 3@ B, LS 3 Bic S 43 5l
BT TOTE T, SERIAY 5000 K. HHTHTSCH]
B, RN A AR FB ) R TE A R = A
AR ST 93 SO IR 79 3 2 S N FHATC
TESERAT R, ASCKX LA BRI TE 51T

Scg st 10 ARIE(T), 23T 72 SCHH
S NLVIEEST E YN R AROEERERSS i A TR

a) W SCH PPN Al B 38, S KER 5
m, BN 4. 6. 12, 15, {FELASCELL,
R ETEWE 1 PrR.

)} ®)



JET QoS HEMS LI ) B i A 9 - 100 -

fir g, 4%
900
U0 —8—15 %
700 | ——15 3%

——6 X%
—o— 4 X

5187 E Mbps
S
(o]
(=)

35 40

20 25 30
SNR/dB
1 FERESXHBEZBHXFE

Fig. 1 Relationship between branch number and channel

0 5 10 15

capacity

FH P 1R, A0 25 e 0 5 184 g AR A1 o
7E SNR<5 dB W, SZREEL IG5 08 7% & 5 -
K, JabEEGERELLIE N, ARG IEA R
5] ) ZEBE B TR K. E SNR=40 dB I, 6 {5l
25 E b 4 32 N T 45 100 Mbps. 242 8 4
WA 15 B, FIEAEEE T 380 Mbps. HEH]
A, B AT E S SCEIBEIN,  A5 S AR
FEH BRI S S B, SR RN
Jill, B E 7 = SRR o

b) W S PUN Al AR, B 12,
TSNS 5 m. 10 my 20 m, 1f LA SO,
AEIMETE K 2 Pis.

550

500
450 ——20 K
—o—10 %
400 —6—5 K
350
300
250
200
150
100
50
0

{5187 & Mbps

20 25 30 35 40

SNR in dB
2 FERES N XKEZEXER
Fig. 2 Relationship between branch length and channel capacity

rE 2 aT%n, B SNR BN, fSlaaE SR
P K. 2 SNR=40 dB I, {HiE% & AnIE 540
Mbps. FARBEFE S B I EE N, {5 2
BB, BT FRIEEE AN, X5 SCHR[7]H M &5
eI,

o) BEESCHREN 12, SCREK N 5 m, Lk
PO AP R B S AR SRR A
o PHRASCEHE, FEIMETEME 3 Pix.

5 10 15

1000 ,
900 —8— 1 kQ+1 mF P
—6— 1 kQ+1 000 pF
800 —— 1 kQ+1 uH
—— 1 kQ+1 mH
2z 700 —o— 1k 4
ga)
S 600 h
B 500
&
@400
Pl
=~ 300
200
100¢
o

0 5 10 15 20 25 30 35 40

SNR in dB
3 FEARESIRAHBEMZBERXR
Fig. 3 Relationship between branch end-impendence and

channel capacity

B 3 mrn, Y R RS e T,
TR EILRIR K. {E SNR=40 dB I, Z%H 1]k 980
Mbps. 1455 A B, o k. &
PR GIE I AR, AR TE R R A AR
&, FEAlEABN G, FESERREN.
X BT BRI AN ik I T 15 S g
WK T 155 WAL HE, R SNR FEA%, MBI
TIEERE,

Pefgas “+7 Flar =7 fm4ciigenran, 24
JIERAT T NI B S gy, /e 5 TE 2%
TSR K o 3K T 93 S 2 oim 2 NI PR A
K, AT R BAPUE RS, MImHI5g T 5712
X 5 R IR T4

ELiHs “o” R “+7. “x” =4 iigknr i,
M ERAF T S SN ORI B R 2T, HR N
BXHETE R RIS . 4 SNR=40 dB, 7EHLJ)
2oy E N 1 kQ+1 mH [ 728, A LE sk
FEN 1 kQ 2l B 47578 5 JE PR T 20 Mbps.

Ebieas <07 Miar “o” Wi nrsn, 20
Beem A, e G ER RSN RN A
BN RS 5 BRI 745 5 B 08
FRERE, HEMHI T EIER .

f LA BT R, O T P E AR R 2R
fRIEA &, NVIE B4 S e 2 I i
AL SR A r s B, RIS
PN B BB AE A S FIE . DR A AL
TEE R = A R S P A ) ke, R
fe SR SHPUE, P AR A8 ] Bt e A Ay BHAE 47
B, DABRAR B e 5 5 T4

SEEG I 5L 2: OFDM FHIE MRl AR B (5 IR
DL RS R A Sk B 7 R R S LR 2L
i HEEWE 4 Fios.



-110 - U R R BRI

RS
30 fFIERTAE
25 QPSK i #l
e
m 2.0
&
-L{E
£ s (Erca]
=
& 10 ,....._./:.
0.5
/
0.0 s s
-24-22-20 -18 -16 -14 -12 -10 -8 -6 -4
FAEE MG RS [-24.-4]
; fEIERI R
6 s—— J
5l R— |
m
Bl 4 —
¥ e
A N
&
2 b
1
0 L I I L I 1 L L n
2 0 2 4 6 8 10 12 14 16
FREIE IR [-4,20]
4 OFDM Hi&R7iEHI
Fig. 4 OFDM adjustive modulation
B 4 w1, A5 5 7 AR S 5 P/

T TE G A Rk R T, (5 TR AR R
TE T 2005 8 A RO o 274 T8 0 3 2 e
9 e[-23,-12], UEHMEE T, AN EEAERFE S,
NP LK. 2 9e[-12,-8], KM BPSK i, 1%
W bREMEIR. M9 e[-8,-6], KH QPSK i,
IR R . 9>, BEIEERD AT,
AEH QAM T IE— 20 I K HHE AR B . 4
9 e[-2,4] T 16QAM Viiil; 119> 4, T H 64QAM
A A v A

K FE ) R B 0 A5 2% B VAN L L8
NEATERERR R, SRS P THiae ) Al
fEaoRtE, BB &k, Rl
HOEAS o ASCUABARI 5 LR A RS s, 8
H T 3T QoS S PF B AR, A T WA S
VLI A TR RE,  IEEIUCCHR[6-7]8E K 48 S
K% SCHR[8-9) T I R 7KV 5 AR SCHEEAE R
I SEI ST B B 5 LA, 3201
5 PR

&S aa, ASCEFARINGEAREL TS
B AV IR K T AL E T QoS FIf
fEIE TR, AR T Ol E & T5iE

1000
900
800

2 700

S 600

I 500

w400

300

200

0 5 10 15 20 25 30 35 40

SNR in dB
5 BIAMRELLR
Fig. 5 Contrast of performance between each algorithm

M5 RIR, ARIE TR BRI 200 . B
FLAE AT AN, 24 0<SNR<15 dB I, & 151 Frid
IR D, AR CHES A0 KA B E1E %
A, HARE T AR D Be T2 I 28 L KTk
24 SNR>15 dB, Bfid5 SNR HIH N, 275 Lo
HIZR DR TR H RN, =P ik AR T A 2
(AR o AR B0 8 42 T R PR R 40
oo MR TR IE SR, Bk T 2R KA i
KV T AP AE RGBT 8 o, A8 T8
(S TE RS, 76 SNR=25 dB I, A SCEVLR5E
KEOC LM /KER 1.4 %, 24 SNR % 40 dB
I, A SCRE R TE 2 L2 AR KR RN 8 iR 7K
O ERTET 112%H1 137%, 5840 A% Hs /ey 26
IR A A RGNV ER, T LSS N
AL T AL R 26 L 22 e A5 TR N

5 45iE

ACEEH T HETHRE QoS ML W /K &H I, X
WA AR E AR IAT T, R T
EMEA RN R 2000 AR 2 b
PO, PR TR IE A B Skt . A
OFDM H & MR HIHA, MR EE AR 2ot
SN T AR T LU, S TS S R A . O {IG
s HL ) e vt I LA e e ) BE T ARAT H PC HL )
ARG THARSH .

Sk
(1] e, HEeE, B, 2 a8 M B oRFRAER RTIT 4R

R[] H R R, 2012, 40(10): 120-126.

LIU Wen, YANG Hui-xia, ZHU Bin. Review of research

on smart grid technical standard system[J]. Power System

Protection and Control, 2012, 40(10): 120-126.

(2] R, S, FACE, S5 AR D2 Bl fE BoR

LN W RG], 2009, 37(22):

188-195.



], 25

JLT QoS HEMS KK HL ) A IE A T T

- 111 -

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

CHEN Feng, ZHENG Wen-gang, SHEN Chang-jun, et al.

Low-voltage power line carrier communication
technology and its application[J]. Power
Protection and Control, 2009, 37(22): 188-195.
e, UM, W, A5 D RBRAE (5 TE AR
ZER[]. W RGP 551, 2012, 40(10): 149-154.
CAI Wei, LE Jian, JIN Chao, et al. Overview of the

channel modeling methods of power line -carrier

System

communication[J]. Power System Protection and Control,
2012, 40(10): 149-154.

gEEk, HNE, Psese, A JET ARAS R AR
Jis 22 40 H R R I R ORI (7], L D BOR 244, 2011,
26(8): 213-219.

YONG lJing, GUI Xiao-zhi, NIU Liang-liang, et al. Series
arc fault identification in low voltage system based on
auto-regressive parameter model[J]. Transactions of
China Electrotechnical Society, 2011, 26(8): 213-219.
MORELLI M, MENGALI U. A comparison of pilot-
aided channel estimation methods for ofdm systems[J].
IEEE Trans on Signal Processing, 2004, 49(12):
3065-3073.

X, RORas, WAGAR. AIGHS o AR 25 = AT 5T
[J]. IR E s, 2004, 28(4): 40-44.

LIU Hai-tao, ZHANG Bao-hui, TAN Lun-nong.
Research on the channel capacity in a low voltage
network channel[J]. Automation of Electric Power
Systems, 2004, 28(4): 40-44.

BT, PTERE, Thng. RE TSR RIS AR 2
TERRMMATIC[T]. BEEEAR, 2009, 24(4): 691-696.
LUO Wen-liang, KE Xi-zheng, MA Ming. Study of
channel capacity for low voltage power-line based on
Monte Carlo simulation[J]. Chinese Journal of Radio
Science, 2009, 24(4): 691-696.

Efi. CR-OFDM F ¢ ) —Ff g (8l A4 7 e 5k
D1 FERCHR LR 224 BARREA IR, 2012, 32(4):
23-27.

WANG Hang. A novel dynamic resource allocation
algorithm for CR-OFDM system[J]. Journal of Nanjing
University of Posts and Telecommunication: Natural
Science, 2012, 32(4): 23-27.

FMEE, Zpk, EBERE. I OFDM R & rh — it
(R K Dy 30y BESVE ] WHENLER 5K, 2013,
23(1): 79-86.

WANG Ye-sheng, JI Wei, HOU Xiao-yun. An improved
algorithm based on water-filling power allocation in
cognitive OFDM system[J]. Computer Technology and
Development, 2013, 23(1): 79-86.

By, OFDM Jif5 KRG A= HAGIEMTHITFI[D]. 1K
5 R TREREE, 2009.

YANG Jie. Research on capacity and channel estimation
of OFDM communication system[D]. Harbin: Harbin
Engineering University, 2009.

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

ANATORY J, THOTTAPPILLIL R. Broadband power-
line communication: the channel capacity analysis[J].
IEEE Trans on Power Delivery, 2008, 23(1): 164-169.
ANATORY J, THOTTAPPILLIL R.  Channel
characterization for indoor power-line networks[J]. [IEEE
Trans on Power Delivery, 2009, 24(4): 1883-1887.
RAFE I FZ W T REE AR, B
ARA, 2012, 52(1): 86-89.

WU Shao-qin. Research on channel capacity under
received-power constraint condition[J].
Telecommunication Engineering, 2012, 52(1): 86-89.
AU T R oA e A T e P A £ £ T A T
FE[D]. Abat: E RIS, 2004,

Li Feng. Research on high frequency channel
performance and channel capacity of low-voltage
distribute network[D]. Beijing: China Electric Power
Research Institute, 2004.

RN, MR, HRIE. FET QoS FEKAIARITEE
HLBEUR M OS], THEEHL TR, 2013, 39(2): 85-89.
ZHAO Zhi-jing, LAI Hai-chao, SHANG Jun-na.
Resource allocation algorithm for cognitive radio based
on QoS requirements[J]. Computer Engineering, 2013,
39(2): 85-89.

skA T, K, WK, Mgt iR iR RS
R 2 B IEE [J]. B TR AR R, 2010, 25(6):
116-122.

ZHANG You-bing, WENG Guo-qing, CAO Yi-jia.
Distribution line carrier communication in networked
power quality monitoring system[J]. Transactions of
China Electrotechnical Society, 2010, 25(6): 116-122.
WRIGERR. OFDM XU [n] 22 IR 45 13T 284 LU ARE A ) 26 23 T
FR]. HIREEAR, 2013, 53(3): 307-311.

CHEN Xiao-dong. A novel bit and power allocation
OFDM-based
network[J]. Telecommunication Engineering, 2013, 53(3):
307-311.

R, M PDOFT, Hs, A CEHREA R i g & L
MR T[], T HERSHR, 2013, 28(1): 106-112.
LI Yang, YANG Qing-xin, YAN Zhuo, et al. Analysis on
effective range of wireless power transfer and its impact

algorithm  for two-way  multihop

factors[J]. Transactions of China Electrotechnical Society,
2013, 28(1): 106-112.

et HEF: 2013-09-07;

& H4F: 2013-10-10

fEEEN:

17 g (1988-), B, Mit+4A, TEHMRAIEARLHEZ

%.181%; E-mail: 512407654@qq.com

B %1977, FB, @M, i, sladk, Mt

A£G, REEAFREETAE. FRLNBEAFT @



