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Channel modeling of power line communication in a medium voltage distribution network

WANG Yan, WANG Yang, ZHAO Hongshan, CHEN Zixuan, LI Yongliang
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Power Line Communication (PLC) is one of the important choices for smart distribution network communication
technology. The Medium Voltage (MV) distribution network has complex structure, numerous branches, and cable-overhead
mixed lines, which make the transmission characteristics of the carrier signal difficult to predict. Based on the structural
characteristics of an MV distribution network, this paper proposes a channel modeling method for carrier signals in mixed
distribution networks. First, the transmission line pipeline of the carrier signal is defined based on the actual topology and line
type of the MV distribution network. Then, the propagation matrix of each transmission line pipeline and the scattering
matrix of each node can be derived based on multi-conductor transmission line theory and traveling wave theory, and the
voltage equation of the whole network can be written according to the network topology relationship. Finally, the voltage
response of all nodes in the whole network under the excitation of the source node can be obtained by the voltage equation.
The modeling method is not restricted by the network topology nor line type, and has strong adaptability and portability. The
results of calculation and circuit simulation show the correctness and effectiveness of the method.
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Fig. 1 Transmission line network schematic diagram
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Fig. 2 MV three-core armored underground cable structure
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% JE B TEE B b Hi H AN R ) R TR
WAL FEIE 1y 2 Z IR ki A2 2K(22)
Uik =Uax
Uik +Zglik =0 (11)
i + 16 =0
s Zg FoRBEHAPH s Uly = (Ui Urke Unie)™ &
ARZARBUS I R A Ul = (Uske Uriw )™ R BE
MR R R E. 1 1 kR ER

U =(Ui U)T s B T8 2 MHE KA E N Uy =
(Uzka Uzge Uaie)™ s HLUL IR B R R TR KL

AL RIEN
E: 0 —E;)( Uik 0 0 0l
0OE O UI’kJ+{O Z, 0}{&
0 0 0 J\Uzx Es 0 Es ) I

YU + Z 1 =0 (12)
X Ex F Es 73l 2 B Al 3 BB fe: Uy =
(Ui U )TN s KR B L= (g o)™ N
Tk BRI R Yo R K B R EOE R
Zy T K P L R B R
gia((5). (6), R 2)EI N
Ul =(ZYe +Ye) 2 (ZkYe =Y )U] (13)
1, Yo =diag(Yer, Yeo ) A1 mKE RRFAE SN FEIE,
YR E T L RHIE S AN RE, Y o R B 18 2R AR
Y
H(13) AT, B TE IR sk HUR A R
Sk =(ZYe +Yi) ™ (ZikYe —Yi)

AR BT T I ) T SR A A i {T,
HAT RO AR FE S AT B ORAR, BUN AR RESE A
i

2) B VR RURTACN R R

4R, PLCH & 5 4 i H Uf R&
AAE . AHHRE G FAH R & = Fh

=0

1P

PLC I—{Il PLC
(a) ARG (b) HilH LAy (c) MBI RE T

[El 4 PLC R ESLEBEHN
Fig. 4 Coupling of PLC equipment and line

DIAHIARS & 9, 9 OB A, HUR IR
SERHE S N Uk, FRUE N BHON Zis, U2 i A0 HEL S T
Tl AR R N

SR EEIEH) o
Es; —E; )\ Uzx 0 0 L1y 0
A U273 i 27 A5 51 sy 0 T 1) L s
) B DR 23 ) R 7 A YT P O A T ) LA )
;e = 22U NEIRHTA N & .
SN LESISY
YU + Zely = 1, (15)



.54 - ® )& EY5EH

o, s 9Tk S RS .

Toie PLC ¥ A NG e &, BT
TR N5 MR, 45E506G). X(6), [T
¥ (15) 52y

U =S +Js (16)
A, I = (ZeYe + Vi)t N B fE I FLYE B ) &

3) i T A5 PRI R

WA sk £ i 1 o, HOl R IR B SR AR
Ao TEHJREEEE T, 7] 208 HC F AR 28 iR Ik
JE AR R, HL I R SR R AT 2 X (12) 1
FE R0, 28~ 5 R O B v E = (L3) =R H

4) g L X U B

P HAL R T LE R DL iR A A T A
B R o TR C FEL P PR T ST BUR AE R Sy, TR
TEAERRH R SRS R, S56 b e H P Y
LRIRINEERA, TN W% U AR R SRR
S R RIS L R 1) 9 R

Ur=S;Ui+Js (17)
AH: Sy =diag(S, Sz,-++, Sn) » NIIZE T 5% Js
WA IETRS R, BREIET S, HRoo
N0,
2.5 ETRH%EENECE NI EERIR

B 2RL0) A (17) k7, AT AR HE 15 3 AN H
M HLE U A

U =(Rr + E)(Ry — S7)1Js (18)
A, Er N ECA(10mx6n) i BT AR FE o

i 3 (18) v] ASRARAEAR IR 1T sl T 4 AT

BT R R R

3 MESWIE

ONSSIEA SO T VAR A R R s e R 15 T 2
T L PP IR R, S A I FLR SR BREER J2 PLC
w2227, FER 5 FREC ISR E T,
GrogE T ARG L 4 A R D 2% K TR T R
ZAGDLN, ATk ARHIREFEL [ Pspice HLER 1)y
H=FMa R

5 & #AYBCEE MIRTNE
Fig. 5 Simple distribution network topology

P 5 oNali s L, WEIE 1. 2. 3. 4.
5 LIRS LGJ-120/7, &iE 6. 7 HILZkigA S
9 LGI-35/6, HAEDHIN 1=1s=10 m. l=l=I=
80m. 13=120 m } 1,=100 m; #PAIFKE 10~
1000 kHz. FA 1. 6. 7. 8 B 5L asAHE, A&
JE 2R B SCHR[L9]H SE 1) 100 KVA P AR &
e TR2 55 Rk ST, BEE
PLC %%, B&WIHA Z=50Q, #H 773N B
S5 .

XA BERLZ, 2N LRI BN,
AT Z BRSSPI Y I A 2RI AU, 3 A1 5
Bk gloal, #oAR L 10 m A —BHESELE
Pspice H#& % T & 5 BRI S SHUEREBY

Bl 6 Syl 4 7S 28 B X 4 11 L R S 2k . FH A
6 WA, XAk EIE, RAATESE
AR R B R RS R e e — 5, B
SRS RESEY A, - PRIE T AT
R IE R

0 Goooy . ¢

35+

Ay
O {LifipE

TR AAB

I , ‘ m:ﬁiﬂ'ﬂ' i
200 400 600 800 1000
i (kHz
[l 6 Shgeeeth R SR

Fig. 6 Pure overhead line voltage attenuation

i 5 N2l E R R R IR 2%, 15O 2% b H 2 T T
RIS 157 YIV22-3x240, HLZE B ZE S22 A0S
M1, 3. 5. 6. 7. 8 AbarIE 2 QHEETHER M, PLC
wgEn R B S AR SR E R, A
BRI H R EEE 3:1R2, HASH EHAAA,
I, ATV AR RS R A R 7
Fie

=70
0

e/ dB

-50 ! 1 1
0 200 400 600 800 1 000

Y kHz
7 SRR EREER
Fig. 7 Pure cable line voltage attenuation

I 7 Al WAl giEE, AniE S
WERRRas R e e, HIR AR S S5 H



E i, 5

s T L ) FEL ) 2 R 15 15 1 S A - 55 -

A B BRI AR R, UERH % 7V T4l rr 40 28 %
h5RER] . HIE 6 AT 7 S5 St kbl %, o F A —
FANER B T &, 4% R AN [R) 2 2 ) 2%
RS AR R B E R, HEE
JR DA T A s 2k S M e 2 i B A 45 M 5 S
B4 DX 3 T e, DRI XS S B FL ) PLC {5 1B #EAT
R 5 it B, B R 28 s S A o A5 S I B

T2l AR SRR, RS ER T
FRFARL AR, DRIAE BT sS4, X PR E L
B RO I R R B AT, MU TR RV ANE
FFIRA RIS o A ST 126 W 2 v i 1R HL R
HEHASG— A R ERR, MR R4 2818
5 25 BB AR BRI R R, ] PSR A RS
T ER Rz

7 5 RS- IR A T R %, RN 2% )
18 1. 2. 3. 4. 5ONBEETE, HAYS N LGI-35/6,
BIE 6. 7 AWAIETE, HASN YIV22-3x240, H
GEEMBEMZE SRR AT A 3. 4. 7. 8
2 2 QB HRMSHEHAE. B8 -
AT S AR B Pi AR B R4 BT A5 45
FXT LRI

0

60

A ik

SERRF /B

o UL B

I 2[’] 1 L 1 1
0 200 400 600 800 1 000
$i7% kHz

& 8 BELBBERM
Fig. 8 Mixed lines voltage attenuation

M 8 T, X G IUEIE, (ARSI
AL Pi B ML IR0 B 5 IR AW &, UEBH T AL
Tk RIS TR S84 . K 8 5K 6. K7
S8 JE0F LU URIGAIE T AN [ 0 2 % 2 20 2 3 i B A
SR W 2

T T FRL SR LE A DR I 28 A WY 25 44 231, Dy
BOAEARSLIT VRN 2SI 25 T A G e,
B A B AL RIE A2 BRIP4, HKEOTE
BIFRAR B (7. m); £k 253508 LGJ-35/6; PLC
WK G, 2B ORI LK
ARG 5] 5 AHE o SR ARSI VAR LA FL AT
g 9 fE 10 Fiow.

& 9 AT 10 W] LAE H, SR A ST VA A L i
ViR AR —3, B0F T ARSI VA E R,
ANSZ 2 Fr A S R PRI, 0 TR I 28 FH A I 47
SRIEH

03

35F

TERRAT /OB

— Kk

e LB EL

_700 200 400 600 800 1000

S kHz
9 HAREC R SRR

Fig. 9 Grid distribution network attenuation characteristic

[as]

z

& 35t

= — Rk
o

w T

70 : . . .
0 200 400 600 800 1000

#i# /kHz
& 10 TRMZTRAFE
Fig. 10 Ring distribution network attenuation characteristic

RV UE AR S AT 5 4 T FE X AR 808 {5 T A
AR, B A B A3 4 T HIX —4% 10 kv
Fic 2R S BRI 25 P P . L A 2R S SR I 2R B K
F(wAir: mEFRBH SR, BG5S N
YIV22-3x240, ZRALEEEM SR LGJI-35/6; ALJEA%
SFHAMZ S K 5 HHF; BUS T SH) PLC W& 1)

MG T2 RS, EESIUE R EE
HESSIRELER

K FH AR S5 15 R R 477 T I 7 ) L 7 T 28
w11 fros. B 1 AT A, CSRAASOTE SR
Pi 714 LB BT £ R i 197 gl 2% (1) AR A s A AR —
B, BRI T ATV 5 AR R A T R AL ) TE A
Mo SEFRECHMEF, & KERREG LR, KH
ATy A A Rt A SIS FE X PLC {5 TE AR, 52
PR BC HEL W) PR T R 1 S0 AT o

0

— Rk
weeeeeees BRI L

55t

TR /B

- ‘I ‘I 0 L 1 L 1
0 200 400 600 800 1 000
4 kHz

B 11 SERECEMERRETE

Fig. 11 Complex distribution network attenuation characteristic
4 Hhig

BREHC R I B TR B R AL PR k. &
D RGP 28 A 9 S T R A A LA

HAG RS AU S5 A2 B RERC HL YIRS B P A
LA E. fEHERT, ARG LR RAC M4



-56 -

CEEL R R

FREPE, SR T — MG AR 2% 45K (1 PLC 15
EEB %, ZEBITEAZNEIRINGI . 2%
R BRI RE], RA R &N & A5
MR BV S R O HAE R 1 A I
PR A R

XFF RN R CRAOBC LR, AR E (5 U1 A
frEJa, ATASCERL 25 #r PLC WA
MG TN BB TR, DL R
BH 280 B A& SRS S AR 2, Dy L ) S8
A BORAE B BERC HL R (R R B ) AT R
Bt 7 HE AR ELA

Mk A

100 100 |20

PLC

200 100 100
20

v

& A1 RIREC R PR TN
Fig. Al Grid distribution network topology

PLC

100 |30 200

20@—’

200 100

:g: 20 200 100 100
20

@

PLC

A2 ERR$REN
Fig. A2 Ring distribution network topology

o0 g @,
I 110[ 110 201
| [
| I
| I
1500 % 500 |
|

| |
| .-
\

500, 500

— Atk
i LY X2

& A3 FE X 10 kV ECEE H &M L& 3R
Fig. A3 10 kV distribution outlet network topology
in a certain urban area

S 3CHK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Ripefd, wvk, KR,
bR s R aan N
44-49.

SONG Xiaojian, YU Jie, ZHANG Junfang, et al. Design of
power communication simulation platform for Energy
Internet[J]. Electric Power Engineering Technology, 2017,
36(3): 44-49.

WRick 53, Rk, EWeSH, 55, J&T LPWAN HIZ/EH
JIVEERI]. B RS RY 51, 2019, 47(8): 1-8.
CHEN Haoyong, CHEN Yongbo, WANG Xiaojuan, et al.
Ubiquitous Power Internet of Things based on LPWAN[J].
Power System Protection and Control, 2019, 47(8): 1-8.
W%, EIERK, TR FET BE R LR PLC
FIEAE T HBS O] BRI H1EH], 2019
47(12): 111-116.

YANG Rong, CAO Wangbin, YIN Chengqun. Dynamic
subcarrier allocation of PLC channel based on adaptive
genetic algorithm[J]. Power System Protection and Control,
2019, 47(12): 111-116.

BALAL M, WASEEM N, RABIA M. Channel modeling
of low voltage NB-PLC network using statistical and
deterministic channel modeling approaches[C] // 2018
7th International Conference on Renewable Energy
Research and Applications (ICRERA), October 14-17,
2018, Paris, France: 693-696.

PAGANI P, SCHWAGER A. A statistical model of the
in-home MIMO PLC channel based on European field
measurements[J]. IEEE Journal on Selected Areas in
Communications, 2016, 34(7): 2033-2044.

RN, BIREL, AT, A%, IR R B A (5 1E
TR &S 4[], B RGRY S50, 2018
46(4): 99-106.

LI Songnong, HU Xiaorui, ZHENG Ke, et al. Measurement
and research on attenuation characteristics of low voltage

6. T 7] B VR ELIBCI 1) HL ) -
H 1 TREHR, 2017, 36(3):

power line communication channel[J]. Power System
Protection and Control, 2018, 46(4): 99-106.

PITTOLO A, TONELLO A. A synthetic statistical MIMO
PLC channel model applied to an in-home scenario[J].
IEEE Transactions on Communications, 2017, 65(6):
2543-2553.

FHe, EIR, Bl T SRS IE A BT HL ) VR IEG
LR IR BDREFE R B ARG A
2016, 40(23): 56-60, 85.

WANG Yan, WANG Dong, ZHAO Hongshan. Power line
communication channel modeling of hybrid lines in
distribution network based on branch-adding method[J].



E f, %

Hh s e FEL A L ) BB 15 £

A - 57 -

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

Automation of Electric Power Systems, 2016, 40(23):
56-60, 85.

LE J, WANG C, ZHOU W, et al. A novel PLC channel
modeling method and channel characteristic analysis of a
smart distribution grid[J]. Protection and Control of
Modern Power Systems, 2017, 2(2): 146-158. DOI:
10.1186/s41601-017-0044-2.

LUIS G PABLO F, MATEO C. Power line communication
transfer  function computation in real network
configurations for performance analysis applications[J].
IET Communications, 2017, 11(6): 897-904.

RENNANE A, KONATE C, MACHMOUM M. A
simplified deterministic approach for accurate modeling
of the indoor power line channel[C] // 2008 Third
International Conference on Systems and Networks
Communications, October 26-31, 2008, Sliema, Malta:
121-126.

OB, WEE, ANE ETZeMREmEantE
%ﬁ&LEEﬁ@mm.$I%MIﬁ%ﬁ,mm
34(7): 1183-1190.

GUO Yihe, XIE Zhiyuan, SHI Xinchun. Modeling of
medium voltage power line communication channel based
on multi-conductor lines[J]. Proceedings of the CSEE,
2014, 34(7): 1183-1190.

Bt L, TSR T BLT iR R R E 5

SIEEAR[I]. B RS BB, 2018, 42(17): 155-162.
ZHAO Hongshan, ZHANG Weitao. BLT equation based
channel modeling for medium-voltage power line
communication[J]. Automation
Systems, 2018, 42(17): 155-162.
THEOFILOS A P, ANDREAS | C, GRIGORIS K P.
Narrowband power line communication: medium voltage
cable modeling and laboratory experimental results[J].
Electric Power Systems Research, 2013, 102(9): 50-60.
Bl BTG SH B AT S [D]. B
WK, 2013.

QIAN lJie. Study on electrical parameter calculation method
and electrical characteristics of power cables[D]. Hangzhou:
Zhejiang University, 2013.

ENRIQUE A. A2 itk it Z G FL ) o B A 5 4
Ew1%§-ﬂﬁ1ﬁ&%ﬁ2m1%45

SRUABE. o i L Gl R B R BE AL [D]. fRiE:
%%ﬁk%2m4

GUO Yihe. Research on key technologies of medium
voltage power line communication[D]. Baoding: North
China Electric Power University, 2014.

Bk, SRAREE, EHE. BT OIS A R I
BB RPCEEFEER SN B RF 31,

of Electric Power

2019, 43(18): 177-186.

ZHAO Hongshan, ZHANG Weitao, WANG Yan. Modified
mode decomposition based channel characteristics analysis
of power line carrier communication of medium-voltage
buried cables[J]. Automation of Electric Power Systems,
2019, 43(18): 177-186.

ANTONIO C, VALENTINA C, DARIO D C, et al.
Measurement issues for the characterization of medium
voltage grids communications[J]. IEEE Transactions on
Instrumentation and Measurement, 2013, 62(8): 2185-2196.

PAUL C R. Analysis of multiconductor transmission
lines[M]. Hoboken, USA: John Wiley and Sons, 2008:
312-314.

gL, EIRE, FE, & Pkl TemsE sz
B R B IIE 5 T [I]. = R HOR, 2015, 41(1):
327-332.

YANG Qingxi, WANG Qingguo, ZHOU Xing, et al.
Verification and analysis of lumped-circuit approximate
models of multiconductor transmission lines excited by
fast rising pulse[J]. High Voltage Engineering, 2015,
41(1): 327-332.

FH, BREE, B, &5 b SR MBS R X
%@%%%%ﬁ%%ffiifé[ﬂ. EE#J%?M%%FE#%U, 2019,
47(11): 87-94.

WANG Yan, CHEN Jiayu, ZHAO Hongshan, et al. Clamp
inductive coupler model of medium voltage distribution
network carrier communication[J]. Power System Protection
and Control, 2019, 47(11): 87-94.

200, SRAE, TR, 2 EETHE R AR e B
b R L R S B VA, E L AR
24, 2012 , 32(28): 150-156.

CAI Wei, LE Jian, LIU Kaipei, et al. A channel modeling
technology for the medium-voltage power-line carrier in
smart power distribution grid[J]. Proceedings of the
CSEE, 2012, 32(28): 150-156.

[19]

[20]

[21]

[22]

[23]

ks HER: 2020-06-27;
EEE N

I #%(1981—), 4, W, #IF, FRLFTAHE AL
H I AEH K E-mail: 18288061@qg.com

I Mm(1996—), B, @fFhE, MEHARLE, ALSH
)4 WA & EE AR ; E-mail: 814146957@qg.com

AL (1965—), B, #E, #ig, FRH @A
B RBEERE S A, KA G TN B R AL AR 15
4%, E-mail: Zhaohshcn@126.com

{&EIHEA: 2020-09-29

(i B 3edm)


mailto:814146957@qq.com

