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Application discussion of packet transfer technology for smart power distribution and utilization networks
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Abstract: Aiming at the requirement such as multi-service transport, IP-based services and network convergence for smart power
distribution and utilization networks, this paper proposes a solving scheme for packet transfer technology. It introduces the
hierarchical distributed architecture for smart power distribution and utilization networks and the key services requirement, analyzes
the characteristics of existing communication technologies, discusses the application of packet transfer technology from the aspects
such as multi-service transport, quality of service (QoS), survivability technology, operation administration and maintenance (OAM)
and synchronous technology, and offers an application model for packet transfer technology. This research provides an application
basis of packet transfer technology in smart power distribution and utilization networks.
This work is supported by Science and Technology Project of State Grid Corporation of China.
Key words: PTN; communication network; smart power distribution; smart power consumption; multi-service; IP-based; network

convergence

hEpRES: TMT3 SCHRFR IS : A XHHT:  1674-3415(2014)09-0139-08

0 3= RS BERAESE RA AL M. N S TR
- S S 5 T O SCIER[14-16]142 Hh Rl Sl AE B
B E G LA RO R RE R A A S ZEPC ] A AE P N R O, g e TN PR AR Rk

m‘iﬁ” » R LR DR THrs. ERBERCH B o E 0 A s 2R R T

FIRAE, i i T3 A 0 i T A Ao, 8 e
WA A 2T L &Rl B L A&
WK ET 2. 2R NY H HAhAr
HMIZAT I N B S5 A

i 5 R ECFH s TR (1) sl v AR A5 e N T B
HRAWHESL, 7E%2 BelcH HIm A5 PR H T 2
WAFHA . SCER[7-13150 8 T Tl LAK P A 8 1L
EPON. HLJZ#. JogSEHORTERLE A 31k

HEWH: BRORANZAFEA R (Fff i@ fZmbEny
W 278 3R ARL )

PUAIBAS BOR B2 sl R ok kg5 P fh . %
M g5 AR 2R RSN T Rl S AR R AN 4 e B

(g SR, Bl B A B AR R R 3
FEAT G DAEETR (PTND S —Fhifi [ iE

B BT AR iR E AR, HAMR
AW RGE §H5TE Gevk SR AEReE, T H.BE
ARBEET TP P 2RSS, B RERE A AN IR L 5%
RGFNF—F &, MIRE PTN FORTERCH il 5 4
AN EAT ISR Lo RSN PTN SR
FERC A AT B I BE5E T S R



- 140 - & & AEY D EH

1 & BEEC F RIS M Y ) 4% 2244

B RE T PRI A DA H ) T8 A I 1) A R
Ay, BFE 10 kV BEERAM (BHEERHD 0.4
KV B SN CHAEEEM ) FH =R M, wnE
1 FRPO, T =SV i 2H R e A P A P 1 4
R A I 28 8, RS 1 R N L7 o P C A
280, CSEIRRT B 2T T (R RO 21 1
B .

10 KV A5 NP LS ocul . Al s
SN A 2 S W 3 5 SO s W = 7 D O L3 ks a3
PR S G, ) RPN 0.4 kV il 5 H AW
FIH =N PSS, BRI H BN 2
G BREE R G fRlIE . A/ X _FEGEIE K
(EESSUEENIZ

0.4 KV HAF AW = E AL AR 52 FH - Rt
MR E AR ENEGEESE, FERBHBE R
KAEAHGEE . B He X &S

P 25 P IR0 T 5 ol R K e A ) 4 E 2%
ek, TSR B IR SS . SOL R RERE

il BB AR 2555 — R AR RE S T TS I DI fE -

10KV TEXedh FEMLS, TR
jfi RN N
BA , .
w W HLIL 55305
- o A ERSEERLLY
1 0kVAE (A o iENX LR

o JHHMEECRAEANINIE
o RN ALY

= WM T0.4 KVHL 2

1 |
£ — 2 =N =
AL ZHHLE PR HL i e

E 1 EEARBERE S E W& IREE
Fig. 1 Layered structure of power distribution and utilization

communication network
2 HebtABREENZEXRSH

DSk
LHENSEY KA TRURTEL RIS ZN Y S LN

FE PS5 % 05 SR SRR, SIZBI P Ha A
g, REm MBS, KB DUT
814-2002 FUVGI LK, ORI HERAE S s LA
WARIE R F20l, 2567 18— M4 M 4% L v A& P

AER, FA%mETw (BT U #72 2.4 kbps
AR LITIA .

2) HHfEEREE

MR A R TR AREH P 1 s
SURSE, SCIER A% . Tl b 55 P4 ThE .
MG CH P S BREE RS D) AR
KRE, MG BRI R ERK ) R G WY 45
A s Al RS e B A R RN T 15 ming R
G g AR N I TR) /N T 5 s AL 4 D0 RN i
M JS S [) /N 15 85 7 Sk 50l 3 000 4 6 i 2 B i)
AINT 30 s; TSI LZERE 4830 £ S i B s AR e
[B/NT 580

3) s

WA P A L AT IR, S
R R A5 B B REE DR B A ] “H
JTH P HBGERERERG AR MHFREMH, W
RE—NERRH P A B 15 min PR
B RN A (BT ) T2 1.2 kbps 42X
TMiE.

4) FREr A RS

V10 A5 W 28 e B - R BE, SR P A
B ARG BokAT K A fe i BEAEH
55 hfe, 755 AR P44 0.3 Kbps 345 717 98

5) B indsstT IS

h TR E BN N B AR N s AT A
PER, W EACE A B TERE LSS
5, IXFETS MRS IC FL 2R R L2 4.480 Mbps 1)
WA T

6) o3 An =X YR

HRE W A = “ g H P U BREE R G
W AHSIFFER I, A 0] oA 2 Y s (g5
sk, AN FR (B T2 18.944 kbps
AR LIS

WIS FR T, ARG TINS5 A 5K
P ATEE RN AR R K, W R
T Y Pl AS B AR Reii 2 &5 175 2K

3 A EREEC A RIS RS AR IRE

3.1 MBEABBEERASH
B R C H RIS AE R
e AT AR s R B A



Lo, 5F

I AALIEBOAAE R RENC T LA 175 I RN R - 141 -

AP Tl (s BRI %%,

Tl DUOK R 7 AR A 8 37 8 Tl I 3 1)
P EEEA, FAR R I SER P rTSE P
Y RNG, FEIRTEA I I B BRI E SR A
R ], (HIEABA AL Z4b: B RHAEm
W ERERAR, AR A Aok AR AR AL H R
RREAT Ny, AR TR AN T ke LS R
RIS 3 SEm T SE R e 4tk b4 S FrRE
AR,

TePOEM L H A LL EPON F1 GPON yJiLgift
=, BAPUR/Z SbERE ). RIGEIH . ™ R0
SERE R, IEH T 082 . DUR AT ZH M FRC A
W2% ., EPON HOARM, FriEsess, C/eH e
SRAEFNES 7 e FL 5 Y R 628 Y H « GPON & —
RIS NTIA, BA BRI 255 SR 4%
ERINRE, HWRAWAR S, WwEAREE. 2k
P52 R AL FE LB PR, LA 55 R R AN
w2 S SCRERE AR QoS LA 8 4%

AR F T 2 0 0 15 0 L ) RS AT IR
F7a A, THRoLgms iy, BfA
STy AR T ER I TR g K
EREE 2 a2 1 RN AY 8 NN 1 EAE S V2
FH LA RAE, T8 55 Y AR SEIN P AT EEE A K 1)
RE, (ERTReNCH Rl fs e — R R T B

LT AR EHE I REG S G H SR a4l
% FEAS PIZ% . WIMAX J& SE i Cgk e AR,
HiAR R b, 28 H%£. McWILL & —
P EATE P B EER BN 5 BRI, #
DR DR KESR, NHZ R R, TD-LTE
e FER i RR, MK EELR. shS4M
B R PAGI R 28 BE R S5 A, A T U B,
FRUERTEE, BT SR IAE .

oA WH A R R 2 W Iz 7 s i 5 i i ok
HATAS BRI EAR . JLd W R AR, H
AL EEMETCVEARAIE, AT O

LA B ARSZ AN Ao IR B 78 55 o A PR
S, FERCH HEAE PR ) — PR T
H 2 HTEA TG @137

P TR REIC A P a5 Y BT s e A Al ok b
K% WETFTHRZHAL, AERHLE—NEH AL
Sk BURFEE S NN ST N S ER SRy TR EES 7N
HI AT HAH B AR )L 45 FE FH
3.2 B BB SR AT B BEEL

BEAERCH B30t S BRER G
BRIIE FH b 25 e R B, Y Ae i H i IE A5 Bk
Tl DL Pk -

IDNZ =224

B BENCH FEAE M A 2 A 2RSS
WEEE S Bl . 2RSS AL 454,
P EEA S LSS . HESEIE S, IEA7AE S 5L
Pk g5, HAEPL S HAANFERPERET K LX)
I SERBUBCUNTC ] L 1 Bl ks A Sl fE A R
PUEYIE ST AL A/ P S Ry WA T i B Y RS e
L E B AN A 2R i, T S A% TR T LR
THAS RIS RE; 5. BEER RERCH FB 4411
ik, W Z It RIEALELAT.

2) k% 1P 1k

B BENCH A Rl g5, EdElgS
T YRRy, FESIEIN S, 1P £k 25 4
T SHif7 . IEC61850/IEC61968/TEC61970 FrufE#
SEFET LUK MFRUERT, FFRH TCPAP Wi, BEE R
REfc L 28 O ¥, TP B ikt %,
AT DL C F H 9 ) ALL TP A EIDE 215K

3) Mgmiai

Hul, 7ERBeRCH M, i (s k55482
FRAIM, MEIEAT, WECHE MRS H A
HRERG., GOUE P R SHA ML s
W26 o NVSS ZHEALIR R E, ATT45 I 28 R B S ke i
%, AFFHEAE L AN E T LR B
2 ANDAZ BB T 9 24 14 ke A 8 ) s, [ B
N T G—EHYEY, AUERH—ESR &G
FH A RS0, X EEANIC AU (1 £ 9 4 AT
B 2 R L Y R AR

gr brd, XS R SRAE AT H i EC A rod
BRI, A ELR R M E B AR
KA AR 2SS AR B S S . PIN
BRI, T HCH k25 Z R4, TP 4k, SEaiifbif k&
JEEaS, Ko — Mo R s A R R

4 PTN B KRR AR

PTN &8 — AR I [ AR IR R, BLAr 4
VENAEIERAT, FEUAAILS Ly, RS
M — 7% PTN HREG T IP/MPLS. LUK MFI
FEIE W =P AR BDE A, S A 21 v P 208 3 B
OAM  HEAEYES FI AT 211 ) 284 DR 3148 LA K Vi 2
BLHs $Eft R 3G QoS ML A SLA; HA 5E 5 1
PHRDEARR R AF I 2 ks foes 7 R IGHIsh
A, ARESEIIMESS fAeZY, 10 RE S
VLRI BP9 . PTN $iR L& 7E HL iM%
b o A Y, (B I R AT R AT R S
R



-142- & & AEY D EH

4.1 B FHEFFHA (PWE3)

PTN X H PWE3 (Pseudo Wire Emulation Edge
to Edge i 213 A1 D4 26 15 1) FEAAR S FiL 45 Can
Ethernet. TDM. ATM. FR %) , PWE3 & F
AT B 2% (PSN-Packet Switch Network) 4%
PP 2o 1) — 2k S HL] . PWE3 [ TAE 5 EE
WKl 2 s, ANEFES A FFh 2 PW (Pseudo
Wire) Kk, nf LIRS #5200 R/ PW T,
Wi, QoS fRY4E, A PW B3 H| /Ml
LSP (Label Switch Path) L1, F H 528k 451
Uiy B AL 1% o PW BT B A 25 % PTN 2% 4
ANAT WL, AR PWE3 [ H 275 22 LU /D 1 2
e, FRIRL b 55 (M BESRAN PR I

%
s | |pTvig [IDMPWES ‘ TDM PWE3] pry iy
# [ % LATM PWES ) 3 3 ik
% ETH PWE3 ETHPWE3 | %

| | I

! e LsP , |

I " g !

' : PW : |

[ »

I~ it

: |

Pl 3l 55

2 PWE3 T{EREREE
Fig. 2 Principle diagram of PWE3

4.2 BRZ5EE QoS #LH!

B SF I 2 v 25 il 25 IR AN R 755K, PTN 24 T
SEE1 QoS J7%E. PTN ZHFI1 QoS Difit B 4s:
SR FGARIE (Classing) « it & & (Policing). 4
FEF P, YR EAEIE (Shaping) FIA A A 245, wildl 3
Fi7R o

ABA

el o 5
Wi :(J R v
R PQt
| ek
PR v
W wems wy ae % -

g BB

3 QoS FzFfRE!
Fig. 3 Application model of QoS

TR 73 JEEL AN [ i 28 Ml 55 4 SR A [
PRI, dndE T LORRLSS . H hk S

U I (R 0 25347 5 B
B 1R I i R e e HAdME 5 3 B R . PTN SRR
RO AR = A pRidHik.

iR B L AR SO AR ], ROy
SIHYEAR RIS

WA S 06 AN TR L 5648 A SCEAT 73 G AL BE,
FEAEARNE 5 (1 BT RO, SRR 7 A ek ot

(FIFO). "5 (SP) B (WRR)

AL (WFQ) 4.

1 FE B G 30 T M A2 X g gt R T AR O, )
T W 283028 R A 2 vt IF FogE i JEm kR A4E, SC
& 2237 (Tail Drop) A IIABEHL 51K Il (WRED )
HEME o

IR PG PR I8 A5 SR B Tk BLOK B A
XxPON FERHAGE — PR A A AR, 18
W R R BRI AR AR LS5 1Y) QoS A5 KLk
ATHORTARE, JFHICTEUETHRE, ) s e id sk i1
WA S HATR A BT, ARSI TS5 1)
Uit 21 9 (1) QoS PRFFE AL
4.3 OAM #HAK

FRHE 2 B AT B S b 22, PTN K M 24 1)
B TAE 9 o = K& #{E (Operation) . 5 £
(Administration). 4E#"(Maintenance), i OAM.
ITU-T %} OAM ZJREREAT T 2 3, T EAHbais L
PERERTIN LL S LRPP R 345 . PTN (1) OAM S22 i
PRSEIRRY, I B SRR R OAM # L5 1k
AR DI RE o

PTN 1) OAM HLHIRH 73 )2 288, Wil 4 Prow.
W ALi%#E TMC (Transmission Channel) . f&i%
il # TMP (Transmission Path) Flf%i% B TMS

(Transmission Section) — /2K ] OAM HLH, 5Z

TR PTN I 284 11 7 Jo i A7 PR g A 0 0 i o o
7 AP EIFSEDIRE, RN SN OAM

BRI 25 = OAM HLHIIK Br R T, 5B PTN K
2% 10 3 28 ) FRLAS R AR LY B

P 155 F20AM =
HEEOAM HEEOAM
<> >

TMC OAM(PW)

< »
< »

TMP OAM(LSP)

A
A

T™MS OAM
“—>—>

4 OAM K5 RBEH
Fig. 4 Layered structure of OAM

4.4 HEFHERKR

PTN [WAAEMEE — N E M 2P Redabs,
B FE LT ALY T ) DR B B 3B RIS T 45 Tl
I HAR . FETAEF I RS B etk IR
P FWERE: (SNCP) FIFAMLRY . 2ot LRy T
G.8131 faHfE, HHEZE (PW. LSP LUAHEH) &



Lo, 5F

I AALIEBOAAE R RENC T LA 175 I RN R - 143 -

Pgle . (BT DL BT R R, BT DR A
R BRIy AN EREY .y N C R R N
Eei iz, AU R T MR IR 78 A A, i L
AR T AT A 16 0 28 1R T g ok o B0 9 AR 4 T A1
G.8132 hrifE, $24 Wrapping 1 Steering /P4 Ff 1% 24
PIERP MR S 205 B2 2 ER N .
PTN fESEZHL/NT 50 ms () FELAE AR (5462 .

FeF 0 P R B AR PRI S
5T, RHET GMPLS/ASON (4 fatiiA, 7
R RAHT, TSETHE RS %1%, SRR RS,
FOF AR AR
4.5 FEIFHEA

76 PTN M2, [RPHR 2R )0 LUK
G.8261 FI IEEE1588 A& i (] [R] i P2, [R5 LA
KW SRR R D, AR [A] 20 TEEE1588
Bk SCREAZ [0 O FET R[]0, HO6 R RIS 2
WA . P ANE LIS R AR e G TR TSR
IEEE1588 I 4t {175 %) IEEE1588 7 52 bt
W N TT T RIS

IEEE1588 /& —Fi L4 (packet) &¢I} [a] [R5
FAR, FBER OURRI TR s B 7 S S
LI DAARHE 0 LUK W £ EAT A, 18 X R)8
FORE I . A DL SRS
IEEE1588 B2 T M 481845 HA | tHEHLEAR 73 A1
O GEERAR, SCFREFTE S, 20 (4.
) WA MRS, FlEs TR, H
ANRTLUKIM, #H%ET UDP/IP. IEEE1588 HEf
i 5 A RGP SRR RRE I . 0 MR A AR E PRI
IPEPR DR, AR H T o0 A0 RGeS )
L, T AEAS RS I B BEAS B i o

7t IEEE1588 N, 3= I phalim 15 W i
I, g ORUEIBR R PR RS, i UARACE IEEE1588
I EP T 2%, AT AT A5 PR B I 24 11 S

5 PIN AR HRE S

BIRERCH M ST, WA, kg
FhEZ, P B EBOR T 20 e gt — A — 41k
(5 FAR -6 o PTN HAR HA L5 1 9 44 845 b
J5i: 3k PW ORI LSP R BEME AR 20 FH o rh 1 2 b
%5, 456 QoS HiAREMS LRIEAN R 25 (1) v] FEA%
SIS 5 A BERIY S5 3 BOAS [R) ) A U s 5 /e A
% (CIR/EIR) , FIH EIR FGEAF LG ke sz 3
BN S Ge T ST, AN S B ) S 1) SR A%
I E R, AR R e IR 2R BRI SS
B AT, REmg SN S AR b R
WEGANFEDNY S5 2 I RPN, AU EE

PRI 2 UL ST W RS, I REET XA R MY 25647
Ty, $RAUNT 50 ms O HAS ZARY B 52
QoS HLil, BEWE K ASFINE A5 S 5 (1) R 45 o i
DAL, AEET X AN ML 45 ST T 5 1) i 2 ity
f3%; J2UALHT OAM, Ay A7 W ARy e e 40 0 AR ¥
B Peft 75w J M T, HFRESIN LS 1) 4 T A 2L
RIF RN shEE AR (IEEE1588 fISZRE) , M4k
WSRO A R ARE B I A, GRAENE 45 S 45
8 o PRIMCAE Y BEIC FH FOE A5 1 o Y T PTN R Bl
RIS Z R A TP . S LSRR R A

MRPE S TR 2L, 4l 7 —A i PTN
WA R Mk 45 R B, AR e an e 5
Firse ZMGEER = BT R BN R
FMHBENE. B T)EKH 3 6 PIN &%, 2 6%
HWEAE AT W& F N B 2w &, 1 H
2 BH R, — RN TR ZE S, —
JEN T AR I ZE IS, FEEIEAE AT AN, I
RGNS AL es 55— 6 PTN B4, HIRb 4532
WAL B P G A IR 45 T3 R 5. BLH)ZH 7 & PTN
WAL, BRI I SRR . 2 Al
H 3 & PTN & &1 S 52 B0 A2 W8k
WA GPRS Jog g rh 48 IR v 25 AHIE 12,
B T AR A O B A B B A
[PIRAR A, SIS 80 R 46 TR 42 o

...
S~ Wi bR SR

2 oy 14 - -
= = E R
v i v i

AR W Rt B SRR TR

5 [z IERE
Fig. 5 Application test model

FEGREG T, ORTC A HLIE A 190 B DRV AR I 5
b AR WSS IR AR AR T T, [
I X6 E MY AR R AT H A L2 RS PR [ 193 2% R0 i i
PRBEAT TR EE I



- 144 - & & AEY D EH

[DRE SN w7
Wk 6 fros, FEMIFEEAE TOLRAAE T, AT
T EMPPIOR R AEHedL, PTN B HAT SRR I 455 1

ui%o

315
= 3lor
s
2
5 305
g A
£ v
300
295
0 2 4 6 8 10
Simulation time/s
PTN )RR

&6 ErtEMiKLEER
Fig. 6 Test result of throughput
2) I IEPA
Wl 7 B, MRS TOLRAPE T, A
F M LIOR AZ bl PTN 8 £ i N [ 56

x107* PTN
1.60
2 155 1
L
3 m
1.50 . . . .
0 2 4 6 8 10
x107 TJRA AL
8.30
2 k3 2
B 825t o i
S y
=
8.20 R
0 2 4 6 8 10

Simulation time/s

& 7 BEEMREE R
Fig. 7 Test result of time delay

3) AAFPEN

FALS5H

7 -
6 -
5 .
4 I
& — 4T (ms)
T — mEA®®%)
B - ==
BN PIN

AN
60
50
40
30
20 HFSE (ms)
10 £ (%)

0

ZRERHHL PTN
& 8 7MKL R
Fig. 8 Test result of protection

Wi 8 prow, {EFERE AR, PTN WALt
Tk UK AZ AT LA SRR (R s B, SN &
LR,

4) Mb AR B A

Wl 9 Prow, PTN %N H 7 LSP I PW HiA,
XPAN [ b 25 2 B SR AL U I B 2, AH L UK N AZ
oA LA T o 25 7 T A BRI e

AN

AN

14
12
1.0
0.8
0.6
0.4
0.2
0.0

\

\

\\\

\ \,

N\

\

N

)

ZRAL PTN

B9 A ZRmEMitER

Fig. 9 Test result of isolation

i B UANMERS I, PTN S fE 255
AR AT FE SN AR s SN 5% 1] FO 38 T8 224 R 25 LA
AW AR S AT RO A AERCH] IR M
AU N FH A 5 P LA

6 4iE

Bt R RE T P HL e B R 2D R, O RIE
15 19 A DR B e P HL I 22 4 m] S da AT 1) o S A
IS BB AT AEAE BIe 583, s Y
A HEARAWHE R o PTN A4 — Bl AL S0k R 15
AR, A AT E R 7 TN 226, SR
FERC A LIRS R N AL RAT T R E . A
SCAERC L 23 J2 A AR AR R, e T 1E
AU AT IS BOR, R T PTN BRI
P PR T S T RTA T, 4R Pl A AR
JUPTN LERCH] HRIE A P B B0 T 0. PTN £E
B RERC A LR BT M g O A, AR
B L PR B AR5 AR AT T R BT
FUHbx.
B 3k
[0 MEEMAE. MERMAT 0" BRI

JUEIR]. 2010.

State Grid Corporation of China. The “12th five-year”

communication network program of the State Grid
Corporation of China[R]. 2010.

(2] REVh, BT R B, ACEELL. B BENC F PR A Rl 19 2%
MIWEFT ] o R GRS L, 2011, 39(24):



Lo, F DAUEIAEIARAER

T HEIC ] FE A 19 0 0 RS

- 145 -

(3]

(4]

(5]

(6]

(7]

(8]

[9]

127-131.

SHENG lJie, TANG Liang-rui, HAO Jian-hong. Research
of ambient composite networks towards the smart
distribution grid[J]. Power System Protection and Control,
2011, 39(24): 127-131.

ST, REB B RERCH M BOR SCRE RGBT
R RG4S, 2010, 38(21): 162-166.
WU Guoi-pei, LIU Yu-quan. Research and application of
technology support system for smart distribute grid[J].
Power System Protection and Control, 2010, 38(21):
162-166.

R, RNIR, REINAR. FE T IEC6185 HIRCH H 3l
WIBGFE AW RGP S5, 2013, 41(2):
62-66.

HAN Guo-zheng, XU Bing-yin, SUONAN Jia-le.
Communication technology for distribution automation
based on IEC61850k[J]. Power System Protection and
Control, 2013, 41(2): 62-66.

W, AW, UK. e ROR T SRR FR I v A 1Y
BRI, HCERAAR, 2011, 26(4): 200-205.

YANG Yi, WEI Gang, ZHOU Bing. Distribution network
planning based on fuzzy expected value model[J].
Transactions of China Electrotechnical Society, 2011,
26(4): 200-205.

VPR, 8. e T DXBRAT IR R A ) S 2% e R ] S
PEVEL[I]. T HEAREAMR, 2011, 26(6): 172-178.

XU Dan, TANG Wei. Reliability evaluation of complex
distribution networks based on regional accessibility
analysis[J]. Transactions of China Electrotechnical
Society, 2011, 26(6): 172-178.

rer. MY DOK RS LA IE R v ) 1 2>
Hi o R 4T, 2009, 30(9): 46-52.

GAO Qiang. Performance analysis of industrial Ethernet

UIRSINAER

exchange and its application in power distribution
network[J].
System, 2009, 30(9): 46-52.

JHEZR. EPON 3R] HLAE BRSPS P i
1. W RS, 2010, 31(9): 36-40.

YIN Xiang-dong. The application of EPON technology

Telecommunications for Electric Power

in remote communication of electricity utilization

information  collection[J]. Telecommunications for
Electric Power System, 2010, 31(9): 36-40.
FRUABY, AR, TC v P 28 IRt A5 15 T 11 20 B R A

[J]. 77 H3Mb 4, 2010, 30(3): 49-52.

(10]

(11]

(12]

[13]

[14]

[15]

[16]

GUO Yi-he, XIE Zhi-yuan. Analysis and modeling of
distribution line carrier communication channel[J].
Electric Power Automation Equipment, 2010, 30(3):
49-52.

AR, BREL, R, % TD-LTE W ELEHE
W4 AR N BIFST ). ) RSl AE, 2012, 33(11):
82-87.

LI Wen-wei, CHEN Bao-ren, WU Qian, et al. Applied
research of TD-LTE power wireless broadband private
network[J].
System, 2012, 33(11): 82-87.

ML FE T GPRS HIHTAC HL M A S A (5 R ST
SN E B [0 W) R GRS L, 2008,
36(19): 44-47.

LIN Tian-shun. A new kind of communication system

Telecommunications for Electric Power

based on GPRS for power distribution and analysis of its
practicability[J]. Power System Protection and Control,
2008, 36(19): 44-47.

TR, M. McWILL HARAEH ) HCH B AS 9 rh i)
M. W RS, 2011, 32(10): 21-25.

JIANG Hua, SUN Yuan-yuan. The application of
McWILL distribution

technology in  Yinchuan

communication network[J]. Telecommunications for
Electric Power System, 2011, 32(10): 21-25.

WRILAR, SRZELT. WIMAX FAR R S AL TC e W £
N D). O RSEESE, 2007, 28(1): 1-5.

YAO Hong-chun, GUO Jing-hong. The application of
WIiMAX in distribution network communication[J].
Telecommunications for Electric Power System, 2007,
28(1): 1-5.

R KRR, S, AE BB R A EIRSS K Rl
G EERI]. BARGME, 2011, 32(10): 1-5.
ZHAO Bing-zhen, LIU Jian-ming, LI Ning, et al.
Converged communication technology in smart power
consumption interactive service[J]. Telecommunications
for Electric Power System, 2011, 32(10): 1-5.

G S/ S W R I e ER - PN RS B
AWM. B RGIE, 2011, 32(9): 36-40.
ZHANG Jun, GAO Shi-qi, HU Yang, et al. Study on
mixed communication networking in power distribustion
access network[J]. Telecommunications for Electric
Power System, 2011, 32(9): 36-40.

E, &%, THR, . EPON SHEREAETERIM B3l
e N I R GRAE, 2012, 33(11): 7-10.



- 146 -

&) &GS

[17]

(18]

[19]

[20]

LI Xin, JIN Shen, YU Ran, et al. Application of mixed
communications based on EPON and PLC in distribution
automation system[J]. Telecommunications for Electric
Power System, 2012, 33(11): 7-10.

UCACIT, SRBE, LS. BCH B S TR RS R
LS o B 0. W R S8 A Bk, 2012, 36(18):
27-32.

SHEN Bing-bing, WU Lin, WANG Peng. Technological
characteristics and application effects analysis of
distribution automation pilot projects[J]. Automation of
Electric Power Systems, 2012, 36(18): 27-32.

W, XU, A, ) R RE G T L 45 1
NHLEEWMERTTED]. B RE BN, 2013,
37(11): 76-80.

CAO lJin-ping, LIU Jian-ming, LI Xiang-zhen. A power
wireless broadband technology scheme for smart power
distribution and utilization network[J]. Automation of
Electric Power Systems, 2013, 37(11): 76-80.

TRAERE, IRER, WO, MduR AR REC H HaEAE
WX [I]. RS B Bk, 2013, 37(10): 1-5.

XU Kun-yao, XU Xin, HOU Xing-zhe. Suggestions on
next generation communication network for smart
distribution and consumption network[J]. Automation of
Electric Power Systems, 2013, 37(10): 1-5.

Pl oK F R 2 )L LA R N R TR R L R
2011.

State Grid Corporation of China. The guiding opinions of

communications terminal access network construction[R].

(21]

[22]

(23]

2011.

KL, AR, HHHRMB. PTN S HAE 4L LRI AR L) 2R
SUEFET RN BRI, 2010, 31(5): 25-31.
LIU Ping-xin, SONG lJie, XIE Ni-na. Application of PTN
and carrier-class Ethernet in power communication
system[J]. Telecommunications for Electric Power
System, 2010, 31(5): 25-31.

VUMK, TN, R, G5 PTN G Re b gt e
MG BEEFEU]. B RSEE, 2010, 31(7):
20-23.

JIA Xiao-tie, LEI Xue-yi, WU Yun-feng, et al. PTN
provides an ideal information communication plat for
smart grid[J]. Telecommunications for Electric Power
System, 2010, 31(7): 20-23.

AR/, R, AR T BT MPLS (W) IS R4
REHHFEVET]. W THARR, 2013, 28(6): 257-263
XIONG Xiao-ping, TAN lJian-cheng, LIN Xiang-ning.
Routing algorithm for communication system in
wide-area protection based on MPLS[J]. Transactions of

China Electrotechnical Society, 2013, 28(6): 257-263.

et HEA: 2013-12-13;

& HHF: 2014-03-18

1EEEN:

EOIR(1978-), ¥, SRR, TEBMNEW Hilfz

FARHR; E-mail: wangqiang8139@163.com

kiEE (1964-), B, SHAIAEIF, TEAEY Hid1Z

FARFR;

B (1975-), B, T4, T BAEE H@EHAK



