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Abstract: During the process of the intelligent substation construction, reconstruction, expansion and daily operation and
maintenance, Substation Configuration Description (SCD) files need to be modified frequently, which makes version
management difficult. For this purpose, the control system of SCD file is designed and developed. The system ensures the
minimum scope of SCD file modification through the decoupling technology of relevant intervals. By using SVN
management technology to control the version of SCD document effectively, the correctness and traceability of the
configuration information in the entire life cycle of the substation can be guaranteed. Via visualization technology, the
modification of SCD file content is visually displayed to the user, which reduces the technical requirements for using
personnel. Several pilot projects indicate that the system fully meets the requirements for SCD file version control in
different stages and can effectively improve the security and implementation efficiency of SCD file upgrade and
modification.
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Fig. 1 Flowchart of decoupling SCD file by correlation bays

5 SCHR 1218 H 1) T8 5 5 ) o At e SR 1) 6
AN, ARICT7 %% SCD SCAF US4~ BCD X
o Hrr, Z—/ BCD UHAS METEAEI &
(WA [RIRE, FRR “AHOCIIBG BCD” SCfs 35 —A
BCD AR T AR S kg, AR “TCRMIRE
BCD” Xff. Li&PIA BCD SCIF 2 1058 4 fifthl .




LT ANSC R BA ALK SCD U B R Gt et 5T K - 159 -

AR 5 Fer s LASERs AR B o Faht, TR
AHICIAIBE BCD J& JG o< [AIKf BCD nf LA B AN (]
oH LG, ik T BCD SO — Sk H
TAE, S EER. £ 1 FIH T SCHR[12]15 A
FERE T R E s X

=1 ERREAENESILR

Table 1 Differences comparison of interval decoupling schemes

R % BCD S s
AR RIS
N, AT R
\ st RATTIRTE
12 - " B, TSRS I
) 5, Ink% BCD JCfF%%, .
UES N W, TELUATIF
Hee HE2ASC HATRg T
A THAEEIA KB
o AR U A
X LEARSC RIS BCD
K% BCD i STsctpg o KRR

i S A B
1.3 SCD X 4By cE

A1 1 ()R 1Y) SCD B , fe 2% B IRt A 5K
BB Aol K4 —A SCD SUH I il i TN i)
B TC ST, BEAT SZBIL SCD SCAH: (494 1) o T 5 B 14
(EEC P

725 P i ) 5 SR FH DA Rl 2 00 s AR T i (7
T L ARSI S A BEZRAIRE . REEEAIRE . 2
TR I AL R AE . REA ] B E S S
AR B Y R BE &« ARG, (RS E .
bl 4 TED R A GX 88 TED 22 1] () S L B3 L
M, WK 2 Fis. B, BCD SOl MAEL T4
AN A TED (1) CID SCAHES, 4 SCD —AN 14

| AmmtaED || AmkEED

IR

AN B Y A LED % AL i

[ 2 #AERRAT IED A
Fig. 2 IED in a typical bay

SCD 455 714 AN (][] 5 22 [R) A7 A 2 B G BR BE
L, EERFENE LT A PR B R R A,
X EESCIENC B 5 S AE SCD R A o ¥ 46 2 1] 1)
GOOSE ¥ 1K1k, B4 hnalifs ot — e i &
T (PRSI SN, 5 L T B IR P A ) I P i
BAR BE RIS NAE St T TR BE AL AR S
IR—IRAG T, IR IEA KR, K]
CLIEIE 04T SCD ST AH G HC B A5 21 I B - [H] ic

BRI R

Fi [ f0S SCD SCAEAT RS, 32 2 PRIMEAE T~
A iff 32 R0 B 75 1190 TED LA KL %A 18] i -2 1] 1) SR Bk
5, 1M H AT R AR AR i SCD A I 20 A0 i X
o R o H R SSD B AL T — ks 7% S dLi%E
FRR, —IRBEAE IR &I RO R N
Ko B A5 5L, i A% IEC61850 ki, SSD A7 i
24y <substation> ] P4 7% X BE (4 & 4E SCD U
o DR, AR RES 2 SCER[12] RS, AL SCD
T [F)<substation>17 13 JF 4, 3 3 i 1ED A& (5
B AR, B 3 2k SCD BRI E T ) —,
TR A Z AR R UML .

DLAE ARSI BCD S, 5t BH 2 ) Bt A A
S BRI R o

FLHL SCD U iy 4 25 1045 Bl “Header”
5 5. “Private” 5. “Substation” A BCD X
5 ¥ U1 SCD U7 M{5 B2 BCD S0, il
b3 7 BT AT V5 ) s, $2HL IEDName JE P, HIWTZ
BEE AR MATHIAG BCD 1, WA
U o %o 7 P 5 ) i LA 45 6L 5 3 77 1% 1) B BCD
SO PRI A2, A SCD SCAE PRI
BEIK) IED H5 55, S BCD 3XCf; #EHL SCD 3+
(1) “DataTypeTemplates” 17 i, JH5¢# 5 N BCD
A

Vohage
level

LNode

ConnectivityNode
D-F
ponis :

[ 3 SCD B ——Rig & KKK R UML &
Fig. 3 UML diagram of the relationship between primary

and secondary devices in the SCD model
2 SCD 5 BCD XHRYEEH SRt

2.1 SCD 5 BCD X#pyE#nie
TER AR L Tt TR Bk R el 4%
ZA AL T 1ICD BAUE I R[] AR AL 2%
$3 SCD XAHMEMIITTRE, Rk SCD AR %4
PR R AR H S I SO RGN A
SCD SCAFETEBY B H e v B (B G AR 7Y )



- 160 - ® LRGP B R

DTS AT Bt IR AT i A IR St . AE
o TR s R, e T B i T MR
HRG 2 SCD A, 58 & ol s TR N
AL AT SCD U i R S LA Th g
WK 4 R, ZRGHRAET RS LG THAR
G S AT BEARSS #5 SEIUAC PR BE . L& SO
WASEE . SCHRRE . fERAREG S AT AL LU 25 T G
THRSGMHASN S T A, IED & T HAW.

LA i 2% P 3l Ty S Ay 497 06 AT M) R 11D s i
BCD S F#E4T SCD SCAFHIME BtifiiAE «

(1) P42 ol SCD Ui, R
AT E AR R o SRR PR DR P T 64 A
Iy BCVT IR AN S IR 25 2 (L B o TP B PR
LA I W) AT AR5 1) S B SO RO, IR
NI S R AR (K 4 255 1L 2).

1

ARAE A 5 AR 1)

FrBRAE AT

__________________

SRR ELA AT I R T R

IR ST Craws

e A

BTG
Eexs

[EEEGEEEN
G AN

e
|
| [
LT A A Oy WA
I et Gl S P
| T E SRR AL A .
: P B SR A2 JEE
b :
! ®o| o
I PR B A
! 3| S |4
| <~TI 0—" RY 4.
! R S R xR T) WE: B
|
|
|
|
U RIS R AL SO
|
|
|
1 9
|
: 15 J5SCD A
| teskkei g o
|
|
|
|
R
SCRFLERS
AL 5T,
JEAT TR
SRHCIE D ORE ST i

&l 4 SCD XHEEHRE

Fig. 4 SCD files management and control process

(2) B EE ST RRAS R A A7 i i 2 SCAFH(SCD 3
S TED FCE SO & D s oA, FHER I 7
W RABWIET R S22 g R E S
P RRAS ZENG JE Hh ST RRAS. SCD AR I 45 A
WASKIK 4 D% 3).

(3) MEASUAERE R S5, ¥ SCD SCAHFRE 4 “AH
KIEKE” BCD F “JCoCIKa” BCD 3CHF. Kl
Ja 1) “HOCIIBE” BCD SCAFIR I H B, RIS
“ToRIEINE” BCD SCAFAFAl T SCAFR AR R SE, JFpk
BleEIEH B 4 25K 4).

(4) H P B 20 A 5 AR Gl BCD SCF
Ja, EEEE TR ST BN AR
(Kl 4 25 5).

(5) A= AIBE BCD SCAF AR EEm N 5, H P

HIEZBNEEUGE T BCD CfF. FRASE BERSS 28 %
WA SR, SRR RSP A7 %1 BCD
A K SERETT SCD 52N BCD ST 34k
LEXT I AL B 22 5, BRI P g (A8 e (B 4
IR 6).

(6) P HfMME S N R TC R » B AR IR ARG ™ A2
(1) “JCIR[RIBE” BCD 3CHF, 5 H P48 B SR 1
“HCRIBE " BCD Uik N SIS R AT
HIFE 42T, 8).

(7) BCD X485, A Riseds 43 SCD X
o BT HRGNE A SCD XX, S
IED SHi# IED (MRCE S, ARGk 4 Bt & St
(W2 R, AP AT N 4 D38 9), Wik
RIMAFAE R, LA T2, WHREIE 4 [0 5%



s, %

HLT R R ] BRI SCD S R Gt it 5Tk - 161 -

5 RSN ffR I G B SO T B O

(8) FrfT i IED BLEIMP P2 E A,
SCD XAHESGER, HHESGEREN SCD U/ IED
e B SO AR R AL E SO E T . AR Z
U2t N ERR IO B (B 18 RS, Rea il it
TV NPT AL T L B SO HCAR . L SCD Sefk:
Je KRR TED L& SR FH G — Sl A5 18 7
AT ER . BLE SRR LU, 1EL4%
B W HOE AR I BT AR 1) SCD e LA & TED Pt &
SCARTEC A B AT AR AR B

X RhAS SCD S22 P AT AL 136 FA -

(1) X FREIR SO R R G0 A AN A SO
(K 4 558 5), a] HFHAb R AR Bl () 5147 A
PR, R IFAT RO BRSO, DR R
R A AR DG IS BCD SO SR VF s AN A A
FATERAE L REAE TR B SO 2oy . i =
PR ARG R, RG0S5 ok 2 ' al )
i A2 5 56 A E TG DR ] B ST R B B 1 S v,
Ty SR R 2 g ) O 4 0 T 5 ) i v D 4k i AT
ZEHITRE, AR AR IME S

(2) XFF AN P A = A 17 TG SR R) B k1 2L
L P K AT RERJL AR AR DG ARG, B A i — 2
T2 H P R AE DG TAI R o AH G [R] BE RN TG G [R) B A2 %) 2
HUFH PR UL, SCARAR 5 I T0AH 5 a) B A1 G G 1) B
JE .

(3) B AR o O SR, G SR AN TR S &
e R BN SCEEARAS RSB Y A —AN A1 1 AE 4
HAA R, RS A ENFARREE R R4
[ FaE e BN R G, B FHESGE UG )
[F) g8 SCA H 23 SCD & IF5¢ . SCD A - 5¢ ik
Ja P NRRAEH
2.2 SRR EEXF AT AL FE AR

2.1 THEERETUE S, BARENZ
AT T SCD 8 BCD X EfxfEL . HRTEL
HI T HEZ RN SCD X g i) oA i
UL ] S(a), WA TR UZ T AR R .

(a) AT AR

(b) BB R
5 SCD X#xf LL4EREIR T
Fig. 5 Merging BCD files according to the bays

RITFRINZRGRT SCD 122 7t AT AR R R
(R FRIINY, 3R] AR A TED 4 bR i 1% 525 K
St E R, W 50)R. EIEARE R E2
BFGLAUN 7 TP fESH . GOOSE if5Z
. SV lfE S8 CRC . Kiki T
HEAE LR 1T B A LA .

2.3 BCD XHHIE F1ai

¥ SCD SCH-ffAR A A~ BCD U FF28 H Five:
O TE R G, W EDERR A OGBS BCD 5oEk
(8] k% BCD SCAFH8 &5 1 SCD 3CAF:, SRIGZENE
R, K 6 keIt BCD XL,

Kl 6 & IR T R SR T ) BCD 3
PTG FERT PR SSAT I, 1A 58 B R) BRI A R
(1) 5E B AT B RN SR, DAARAUE 25 AR 5 2
) SCD U454 TEC 61850 Frifk Al Sz s TRE 2R,

X} BCD UG HHEAE R SR LR =
ANJTTH

(1) Communication 5 il

Communication 7 £ [T IIGRAZ WK 7 Fros o

(2) IED 5 gl

IED 5 s (ks ke an B 8

(3) DataTypeTemplates 715 s A il

£t X%} DataTypeTemplates A5AR F T 2551 FH 14




-162 - ® LRGP B R

TRAE, RN RS, EgOTR T EE . K
b, AU O 3, KUK BT EnumType
DAType. DOType. LNodeType. DataTypeTemplates
A R IR A 9 TR

A% EBCD TEKIAFEBCD

~.

X ANBCD -3k
AT HSAR T

A
L IFWASBCD AT, ESIRESIEV S (B
A HSCDI HPppse

A

16 A SCDILAF ¥y 26
B g full

v
4k
6 1% EME&F BCD X HiiiE
Fig. 6 Merging BCD files according to the bays

A ] FEBCD LA T K[ BEBCD LAt
Communication 15 ;iMMS Communication 1 s

TSR, 0 ohPL MMSi BRI, W AP2

\ 4

WP, P2 <

A AT AT AR R
TEDERIPH LA 1

E
TSR AN SO AR ]
IPHEHEA SR [ #—»| IEDIPHIES BAS
[Ff R e 2R R A5
72
v
WRWAN A AR FIEDHIP

HeBEAE Rt R K DL E 35

Hig

7 Communication 5 & #5752

Fig. 7 Communication node detection process

RIS REBCD XA T A 1ED | | $2IE 54 M FEBCD A Fi A 1ED
0, TR 4 Arqmapl W5, TR B8R frqmap2

A 4

i figmapl. gmap2#H[RIIED

HWASCRCAE 5, AS—HUl)
AR

A 4
PEMIED T IR BT LR, A8
CYN 2T

JRINGOOSERE il KA HIIAE A
HEATLEHR, AN B0 S NASIAR 5

FEWUEDPURE (S BT HLAL, A -3
DU NS D 7

8 IED T1miilllifti2
Fig. 8 IED node detection process

FRHUAR G ] FABCD L 4 FETE K ) FBCD LA
DataTypeTemplates™7 /% Eic HT1 | | DataTypeTemplates ™3 515 id T2

> WITL, T2 AH M s A5

l

L EnumType 15 40, A5
KR

}

LEADAType s st A B S AR IR

)

LEADOType it A BB AR IR

)

L LNodeType 15 s, A—E
GO

Y

Hin

9 DataTypeTemplates ¥7 /#2752
Fig. 9 DataTypeTemplates node detection process

3 REIIEILHK

AITFRPIRG ORI TR A 110 kV
]I AR HL . 110 KV SCPP AR H b 25 2 AN AN



LT ANSC R BA ALK SCD U B R Gt et 5T K

- 163 -

S A AR F st TR S B AR ST TR A,
W FrF R SCD S R 4E, 10Tl N
HE R IRAL S ICD SCF RN R $2 A IR W) 4R
SCD AT A LRI, JHkHE SCD SC3ET
ARG . IR R R AR H AR X BCD X
PERATE Y, SCL T ARG AT R 2k 51
B URAF BCD SCHFIMEM. kU5, m&Hess s
EYERGN T BCD SCHEIAFER I, K ik
TE IR 241 SCD U AECky e TARE R, il 15 A
SCD U4 #8248 Hh 25 H ARl 2 A R i 760 K K i)
4 BCD 30, B G HiEk BCD XA
SCD RS, RS Ashoe i FER AR
AR,

4 i

Oy 3 A AR FL KRR RO 4 A i o S
BRI D) TR U200, T BT S A A
BRI REAL HLuh SCD B E S R B 1 %
G55 IMRE AR BOR 5 SRR B, Wik 1758
HEI R REAZ Fl SCD WU E U e, TP T
BERG . KMZERRAENRG AT LLE SCD A
SCAFR) A R 1, WIS 2B B SCD 3B 2
R, BRI TR R A TR B
HR, HMLEZR SCD SUAFRIE AL, et H
RNEARRC S SRS

WA TR N S5 KRN, B ERGET AR
i H TR AR AT L I AT YR AN i A
HAirh SCD BB SCIHETE T R, $5 T SCD
AT B eI R, ARk
MR TR AR SRR KT
Sk
(1] sz, s, tRase, 5. 1EC 61850 W HIHIMT &

HRBHENI]. B RGERYS5#E], 2018, 46(1):

162-169.

GAO Zhiyuan, HUANG Haifeng, XU Haoliang, et al.

Discussion on applications of IEC 61850 and its

development[J]. Power System Protection and Control,

2018, 46(1): 162-169.

(2] #RMG, 9k, TREE, % SCD FHEON IR MG
FLEALIFTI]. W) RGARY 545, 2016, 44(18):
140-144.

XU Peng, ZHANG Zhe, DING Xiaobing, et al. Research

on positioning the influence scope in secondary circuit by

upgrading SCD[J]. Power System Protection and Control,

2016, 44(18): 140-144.

[3]

(4]

(5]

(6]

[7]

(8]

(9]

FAL, EBHE, BT R ReAS ke B SO RO
FLTVEN]. B RS A Bk, 2013, 37(17): 95-98.
WANG Song, XUAN Xiaohua, LU Chengyu. Version
management method of smart substation configuration
file[J]. Automation of Electric Power Systems, 2013,
37(17): 95-98.

A, o, R, A B IR ARG e
FEE AU S SR O RGRY 5], 2013,
41(2): 67-72.

MA lJie, LI Lei, HUANG Debin, et al. Research and
practice on the whole process management platform of
the secondary system in smart substation[J]. Power
System Protection and Control, 2013, 41(2): 67-72.

rdE, AT, MR, AR RE A b NC B A SR
RS ST ]. R, 2014, 38(12):
3328-3332.

GAO Lei, SHI Hui, YANG Yi, et al. Research and
implementation of configuration description file
management system for smart substation[J]. Power System
Technology, 2014, 38(12): 3328-3332.

TR, U, AR, SE R AR RS SCD S E M
B A ) E AR RIS, ) R GRS
#ill, 2017, 45(17): 106-111.

HUANG Zhigao, LI Yan, LI Teng, et al. Design and
implementation of automatic generation technology of
SCD file virtual circuit in smart substation[J]. Power
System Protection and Control, 2017, 45(17): 106-111.
KMRLL, HI& 2, 2R, S5, T RV A4 REAR
RO 5 B H SR BRI W RGER S SR,
2018, 46(2): 137-143.

LIU Junhong, DENG Zhaoyun, LI Zeke, et al. Automatic
information verification technology of smart substation
based plug and play[J]. Power System Protection and
Control, 2018, 46(2): 137-143.

REfEnR, J7 o, REANEL, AR RIReAS il SCD AR AT
WAL B AT R RGN S 9 BLT]. W A3l
¥ %%, 2015, 35(5): 166-171.

XIONG Huagiang, WAN Yong, GUI Xiaozhi, et al.
Design and implementation of visual management and
analytical decision system for smart substation SCD files[J].
Electric Power Automation Equipment, 2015, 35(5):
166-171.

EHF, BSCI, ERH, SRR HLE T SCD
RLGMBIIUI]. M IR REN, 2017, 33(2): 68-74.
WANG Xuan, YANG Wenli, WANG Fengyue, et al.
Research on SCD management and control system in
smart substation[J]. Power System and Clean Energy, 2017,
33(2): 68-74.



-164 - ® &R B
[10] Hyflise, Rk, #MWHE, 25 JLT IEC 61850 5 —pRAX the control of virtual terminal modification[J]. Smart
FEL 3t A 4 B AR R (D). L R AL AL, Grid, 2015, 3(9): 792-796.
2016, 40(11): 132-136. [16] XBwvE, F5, Mo, . T hmif b R F2 S0
MEI Dedong, ZHOU Bin, HUANG Shubang, et al. SCD FRAS LEt (AL AT 0], HE ) R G AR L5 P b,
Decoupling integrated configuration of substation 2016, 44(14): 95-99.
configuration description based on IEC 61850 edition DENG lJieqing, CHE Yong, SHAN Qiang, et al. Optimal
2.0[J]. Automation of Electric Power Systems, 2016, research of SCD version comparison based on the standard
40(11): 132-136. middle process files[J]. Power System Protection and
(1] aBPes, Fhebiat, 2280, 5. R ReAs bt (s S 4] Control, 2016, 44(14): 95-99.
AR EARMFIEI). HEE T, 2018, 51(1): 78-82. [17] W4, IEC 61850 SCL EL & S0 Lbxt T = wkoT 5 S8
ZOU Zhenyu, SUN Zhongwei, XIU Liming, et al. The [7]. R4 AL, 2013, 37(20): 88-91.
research of decoupling technology used to smart substation GAO Lei. Research and implementation of comparison
model configuration[J]. Electric Power, 2018, 51(1): tool for IEC61850 SCL configuration file[J]. Automation
78-82. of Electric Power Systems, 2013, 37(20): 88-91.
[12] M, Bianle, TRiEAR, &6, 7 AEAC Pl bl iC B A A (18] EHEi, Emd. Wi SCA S A B AR SCA HLEL
M2 e AR ST IR AR AR EOR ] B RE A, SO, VHEHLNA, 2010, 30(4 T 1): 133-134.
2016, 40(22): 15-21. WANG Yanqing, WANG Yunwei. Text comparison
HUANG Shubang, NI Yimin, ZHANG Haidong, et al. algorithm for detecting content change in text files[J].
Multi-dimensional  information section decoupling Journal of Computer Applications, 2010, 30(S1): 133-134.
technology of substation configuration description model [19] BEWEH], ZWRAS, K8, & HEA TR A RR RS
for smart substations[J]. Automation of Electric Power R [I]. TE T, 2017, 5009): 25-30.
Systems, 2016, 40(22): 15-21. HUANG Xiaoli, LI Zhenjie, ZHANG Tao, et al. Needs
[13] sk, BEWHE, B, &, My @ si & b for energy development and smart grid construction
IR B A R R R B R R T (I, B R % A Bk, under the new situation[J]. Electric Power, 2017, 50(9):
2017,41(10): 129-134. 25-30.
ZHANG Haidong, HUANG Shubang, YANG Qing, et al. [20] #ile, 242, BRVEH, 5. B ReA e & AR &
Discussion on technology of substation configuration G T R[], A E L), 2017, 45(8): 75-81.
description model bay decoupling for expansion project HE Xiao, LI Jun, CHEN lJieyu, et al. Study on the
of smart substation[J]. Automation of Electric Power construction scheme of configuration file management
Systems, 2017, 41(10): 129-134. and control system for intelligent substation[J]. Smart
[14] Ph—R, XIZEAR, 24T, 55 Feednl SCD Xt Power, 2017, 45(8): 75-81.
RN & AT B RS B, 2014,
38(16): 105-109. Yis HER: 2018-07-11; &5 HEf: 2018-09-28
SUN Yimin, LIU Hongjun, JIANG Jianning, et al. Analysis 1’E%|"éﬁ'f|\:‘ .
. . o EHhE01988—), F, ML, TRIF, HALFTEOAHCH
on completeness of substation configuration description
file control strategy for smart substation[J]. Automation RAAI AL
of Electric Power Systems, 2014, 38(16): 105-109. X988, F, A TRIF, HRAT @A)
[15) H3cHy, . T BEE T Bl miahy  FRARADR,

SCD filt A BB
792-796.
ZHENG Wenbin, WANG Ruibiao. Authority management

technique of SCD version of smart substation based on

SHEARD] BReHM, 2015, 3(9):

BB (1988—), %, #idt, TEIF, MARFT@ALH

AGRHE A .

(hH KEED)



	DOI: 10.19783/j.cnki.pspc.180854 
	基于相关间隔解耦的SCD文件管控系统设计与开发 
	Design and development of SCD file control system based on correlation interval decoupling 
	GAO Zhiyuan, HUANG Haifeng, XU Haoliang, et al. Discussion on applications of IEC 61850 and its development[J]. Power System Protection and Control, 2018, 46(1): 162-169. 
	XU Peng, ZHANG Zhe, DING Xiaobing, et al. Research on positioning the influence scope in secondary circuit by upgrading SCD[J]. Power System Protection and Control, 2016, 44(18): 140-144. 
	WANG Song, XUAN Xiaohua, LU Chengyu. Version management method of smart substation configuration file[J]. Automation of Electric Power Systems, 2013, 37(17): 95-98. 
	MA Jie, LI Lei, HUANG Debin, et al. Research and practice on the whole process management platform of the secondary system in smart substation[J]. Power System Protection and Control, 2013, 41(2): 67-72. 
	GAO Lei, SHI Hui, YANG Yi, et al. Research and implementation of configuration description file management system for smart substation[J]. Power System Technology, 2014, 38(12): 3328-3332. 
	HUANG Zhigao, LI Yan, LI Teng, et al. Design and implementation of automatic generation technology of SCD file virtual circuit in smart substation[J]. Power System Protection and Control, 2017, 45(17): 106-111. 
	LIU Junhong, DENG Zhaoyun, LI Zeke, et al. Automatic information verification technology of smart substation based plug and play[J]. Power System Protection and Control, 2018, 46(2): 137-143. 
	XIONG Huaqiang, WAN Yong, GUI Xiaozhi, et al. Design and implementation of visual management and analytical decision system for smart substation SCD files[J]. Electric Power Automation Equipment, 2015, 35(5): 166-171. 
	WANG Xuan, YANG Wenli, WANG Fengyue, et al. Research on SCD management and control system in smart substation[J]. Power System and Clean Energy, 2017, 33(2): 68-74. 
	[10] 梅德冬, 周斌, 黄树帮, 等. 基于IEC 61850第二版变电站配置描述的集成配置解耦[J]. 电力系统自动化, 2016, 40(11): 132-136. 
	MEI Dedong, ZHOU Bin, HUANG Shubang, et al. Decoupling integrated configuration of substation configuration description based on IEC 61850 edition 2.0[J]. Automation of Electric Power Systems, 2016, 40(11): 132-136. 
	ZOU Zhenyu, SUN Zhongwei, XIU Liming, et al. The research of decoupling technology used to smart substation model configuration[J]. Electric Power, 2018, 51(1): 78-82. 
	HUANG Shubang, NI Yimin, ZHANG Haidong, et al. Multi-dimensional information section decoupling technology of substation configuration description model for smart substations[J]. Automation of Electric Power Systems, 2016, 40(22): 15-21. 
	ZHANG Haidong, HUANG Shubang, YANG Qing, et al. Discussion on technology of substation configuration description model bay decoupling for expansion project of smart substation[J]. Automation of Electric Power Systems, 2017, 41(10): 129-134. 
	SUN Yimin, LIU Hongjun, JIANG Jianning, et al. Analysis on completeness of substation configuration description file control strategy for smart substation[J]. Automation of Electric Power Systems, 2014, 38(16): 105-109. 
	ZHENG Wenbin, WANG Ruibiao. Authority management technique of SCD version of smart substation based on  the control of virtual terminal modification[J]. Smart Grid, 2015, 3(9): 792-796. 
	DENG Jieqing, CHE Yong, SHAN Qiang, et al. Optimal research of SCD version comparison based on the standard middle process files[J]. Power System Protection and Control, 2016, 44(14): 95-99. 
	GAO Lei. Research and implementation of comparison tool for IEC61850 SCL configuration file[J]. Automation of Electric Power Systems, 2013, 37(20): 88-91. 
	WANG Yanqing, WANG Yunwei. Text comparison algorithm for detecting content change in text files[J]. Journal of Computer Applications, 2010, 30(S1): 133-134. 
	HUANG Xiaoli, LI Zhenjie, ZHANG Tao, et al. Needs for energy development and smart grid construction under the new situation[J]. Electric Power, 2017, 50(9): 25-30. 
	HE Xiao, LI Jun, CHEN Jieyu, et al. Study on the construction scheme of configuration file management and control system for intelligent substation[J]. Smart Power, 2017, 45(8): 75-81. 



