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Dynamic comprehensive evaluation of power grid emergency capability
based on fuzzy-two-stage super efficiency SBM

WANG Di't, FANG Xin-yan', CHEN Xiao-guo?®, SONG Yong-chao®, LI Zhen-yu?, DING Peng-kun'

(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
China; 2. Electric Power Research Institute, China Southern Power Grid Co., Itd., Guangzhou, 510663, China;
3. China Southern Power Grid Co., Itd., Guangzhou 510663, China)

Abstract: Firstly, the power grid emergency capability is disassembled based on time dimension and space dimension,
and the basic power grid emergency capability evaluation index system is constructed. Secondly, considering the dynamic
problem of the index evaluation standard, the index is quantified with triangular fuzzy numbers, and the optimization
model for the aggregation of multiple fuzzy numbers is established. Then, the triangular fuzzy numbers are processed
using the cut-off set, and the fuzzy two-stage super efficiency SBM model based on a single time node is established to
realize the static evaluation of power grid emergency capability. Finally, the dynamic comprehensive evaluation model
of power grid emergency capability is established based on the disassembly of time dimension, which realizes the overall
evaluation and sequencing of corresponding emergency capability, making the evaluation results more scientific and
reasonable. The results of case study show that the method can effectively distinguish the areas where the emergency
capability still needs to be improved, and to a certain extent, it overcomes the problem of that the evaluation criteria need
to change dynamically, and has strong objectivity.

Keywords: power grid emergency capability assessment; emergency capability disassembly; index system; fuzzy
number; two-stage super efficiency SBM; dynamic evaluation
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[T -1 S AU

(5) AR =X (15) A1 (16) X A5 i N Jn 6 b 2040
BEAT ARYEAL AL B, I 455 20 (11) ~ (14) SRR — 75 55
THIEAS LSRN E.

6) HEHE 2 (19) A1 (20) K A 18] K 7] &, - i1 20
(1) ~ (24) 3R 15 I3 2 HL WX B 2 RE 1 sh VA E, 34T
I HTERER.

3 SEfST

T R IARSCITVE R R, B TR A B
A\ RFEBL M C = AL X IAE RN 2018 429 H 13 H
BRI G R CH B I 1 5 L R SR i
1750 i, R B P IR I

1) febr AL E. 456 = A BRI BOE A
HSEZEIMNRKEELERXEINS A, B C=ANX
() 5 B A 0 AT 4R b 24k, o B TT R A
BT 18 b B = A B A B K e AR A R o
I = {8 2R 2, 2, 8 2, — M, BU0F, b, AR 4F, 3F
WU IX 9N TELY, HX R = A e L =
[0,0.1,0.2], I, = [0.1,0.2,0.3], 15 = [0.2,0.3,0.4], I
= [0.3,0.4,0.5],I5 = [0.4,0.5,0.6],]s = [0.5,0.6,
0.7),I; = [0.6,0.7,0.8], Is = [0.7,0.8,0.9], Iy = [0.8,



%6

T i & A TEM-BNEARAESBME R L ZREH

& 5 A

NSy =)

1339

0.9, 1.0]. JU T 5 b S 4h He e i 2 3 s,

*®3 ETENKE

ik S
B C

1 L7 Ipe I37 Iig Iz I37 Iig Iz7 I3
T2 Iis Ias I3y Iig Ips Iz Iig Iz7 Iss
x3 Lig Iy7 Isg Iig Iyo I37 Iig Ipg Iss
T4 Iis Iy I3y Iig Ips Is Iis Iog T34
Ts Iz Ize I36 Iig Iy7 Iss Tg Ipg Iss
T L7 Iy7 I3g Iig Ipg Is Iig Izg I3s
x7 Iig Ia7 Isg Iig Ips Iss Iig Izg Isg
Tg Iz Ias I3q Iig Ips I37 Ig Ipg I3
To Ii7 Iye Isg Iig Ing I3 Iig Ipg Isg
T1o I Ia7 I37 Iig Iy7 I3z Iig Ipg Iss
T11 Is Ing Is7 Iz Ise Iss Iig Iz7 I3
T12 Iig Iog Is7 Iig Iyo I37 Iig Izg I3
T13 I Ia7 I3e I Ipg I37 Iig Ipg I3
T14 Ii7 Iy7 I36 Iz Iso I3y Iig Izg Izs
Zis Iis Ia7 Iss I Ips Isg Iig Iz7 I3
T16 Iig Ipg Isg Iig Izo I37 Iig Izg I3s
Ti7 I Iz 137 Iig Ins I3z Iig Ipg I3
Tig I Ia7 I3q I Ipe Isg Ig Ipg I3
T1g L7 Iy7 Isg Iig Ing I3 Iig Izg I3
T2 Iz Iz I37 I Ipg Isg Iig Ipg Iss

TE: Ly 3R 55 00 50 2 ) = AR RIS 0N 5.

2) X AR RO K B AT S 45 5 L e AR 4R X
(2) ~ (4) R 23 IR A B A RSO B AT SR 405, {1
&5 SR 2 72 SV /I AN R ACLPE e v JER DU AR 4 X
(5) A1 (6) R 15 1] (A 12 A = A1 B B0 45 P - BSR4
T e S BUE Y 0.9, o U 9 0.8, 45 21 5 28 e

3) FEFRECAE I TE A AL FE . AR 2K (15) AT (16) X

4 PRI A A b R AT VA AR T, A5 I AL

N AR 2 HUR U, R A B 3 5 .

x5 ERACEHEIER

X 45

B

C

[0.3102,0.348 4]
[0.3779,0.438 1]
[0.3171,0.3504]
[0.3241,0.3937]
[0.3761,0.4255]
[0.2881,0.3214]
[0.3171,0.3504]
[0.3442,0.384 2]
[0.3571,0.398 0]
[0.3009,0.336 4]
[0.3289,0.3679]
[0.3296,0.363 6]
[0.3603,0.408 4]
[0.3289,0.3679]
[0.2222,0.254 9]
[0.3171,0.3504]
[0.3603,0.408 4]
[0.3442,0.384 2]
[0.3571,0.398 0]
[0.2881,0.3214]

[0.3603,0.408 4]
[0.3169,0.362 6]
[0.3171,0.3504]
[0.2618,0.3116]
[0.2844,0.3164]
[0.3305,0.366 1]
[0.3171,0.3504]
[0.3023,0.3349]
[0.3136,0.3469]
[0.3009,0.3364]
[0.3289,0.3679]
[0.3296,0.363 6]
[0.3102,0.348 4]
[0.3289,0.3679]
[0.3611,0.4020]
[0.3171,0.3504 ]
[0.3102,0.3484 ]
[0.3023,0.3349]
[0.3136,0.3469]
[0.3305,0.366 1]

[0.2724,0.3037]
[0.2396,0.269 6]
[0.3171,0.3504]
[0.3241,0.3937]
[0.2844,0.3164]
[0.3305,0.366 1]
[0.3171,0.3504]
[0.3023,0.3349]
[0.2795,0.307 5]
[0.3451,0.383 2]
[0.2888,0.3207]
[0.2937,0.3223]
[0.2724,0.3037]
[0.2888,0.3207]
[0.3611,0.4020]
[0.3171,0.3504]
[0.2724,0.3037]
[0.3023,0.3349]
[0.2795,0.307 5]
[0.3305,0.366 1]

4) TFELA I RN BT B SR DR O 45 R 4
B ~ (14) R 3R 5 B HE 2 AT AL BE, 7T 45455 ok

SRR TCAE B I [A) 248 52 T 1) 7 25 I S RE B LT A

HE K4,
<4 IeinkEi(E
Ei=L7N P
A B C
z1  [0.6800,0.7200]  [0.5800,0.6200] [0.7800,0.8200]
z2  [0.4800,0.5200] [0.5800,0.6200] [0.7800,0.8200]
z3  [0.7800,0.8200] [0.7800,0.8200] [0.7800,0.8200]
x4 [0.3800,0.4200] [0.4800,0.5200] [0.3800,0.4200]
x5 [0.5800,0.6200] [0.7800,0.8200] [0.7800,0.8200]
ze  [0.6800,0.7200]  [0.7800,0.8200] [0.7800,0.8200]
z7  [0.7800,0.8200] [0.7800,0.8200] [0.7800,0.8200]
zs  [0.6800,0.7200]  [0.7800,0.8200] [0.7800,0.8200]
zo  [0.6800,0.7200]  [0.7800,0.8200]  [0.8800,0.9200]
z10  [0.6800,0.7200] [0.6800,0.7200] [0.7800,0.8200]
z11 [0.6800,0.7200] [0.6800,0.7200] [0.7800,0.8200]
z12  [0.7800,0.8200] [0.7800,0.8200] [0.8800,0.9200]
z13  [0.5800,0.6200] [0.6800,0.7200] [0.7800,0.8200]
z14  [0.6800,0.7200] [0.6800,0.7200] [0.7800,0.8200]
z15  [0.4800,0.5200] [0.7800,0.8200] [0.7800,0.8200]
z16  [0.7800,0.8200] [0.7800,0.8200] [0.7800,0.8200]
z17  [0.5800,0.6200] [0.6800,0.7200] [0.7800,0.8200]
x5 [0.6800,0.7200] [0.7800,0.8200] [0.7800,0.8200]
z19  [0.6800,0.7200] [0.7800,0.8200] [0.8800,0.9200]
] ]

[0.6800,0.7200

[0.7800,0.8200

[0.7800,0.820 0]

8, Has RanzL 6 fiis.
F+T 6 FESEMNEM
) A TSNS BNESHE pNaltBES HERES
TOROBME R Bt RUEM B EEM B
o 1.0000 1.0000 1.0000 1.0000
A, 1.0608 1.0350 1.0000 1.0000
o 1.0080 1.0000 1.0000 1.0000
B, 1.1443 1.0710 1.0000 1.0359
o 1.0724 1.0066 1.0238 1.0137
c L. 1.2460 11513 1.2662 12093

5) SREUE AL E [ & &S = 0.6, BIAH X H AL
T 7 5 7 2 4 % AR M 0 5 o A A I 1) B P S,
KA 3 (15) F(16), 75 21 I [A] AL 7] & T HUE A W =
(0.3400, 0.2800, 0.2200, 0.1600).

6) I HANALEE M A R it (21) ~ (24) X
IR A BRI VP AN R AT I TR IR, 15 2 S 4 (1 3
ALV, IR 7 PR,

=71 BEETMER
A B C
LB 2 e RS EE 4 0.0000  0.2318  1.0000
HE7 3 2 1
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HR T LLEH, A B C =X Ik H R 8 &
BEJAKCFHEF N € > B > A, BAHE T B. CHANX
B, AX BB 2R 116 R R4 T 23 (). R 6]
DU H, X3 A B C IR B SL2URE J138 4 T R
FI7KFAE BPIR A, FF HLIX 45 C 1 25 Ha o B S A
BRIV B 5 A B 3 HUAH LR AL — AN SE AR
s T REEN S E SRR B A BRI

DX SR T L S RE FI KT AT AR AR A R, (B CIX B
T3 A 3 DX LA R S B AR TH 2 AT e 55
IR, DRLEAE 4> i 0 AR v, 250 3 79 A 3 [X ) 12
UL SRR B B Z2RE A B R o
BEA, O T ARSI 1A RN & B 2 AT 56
IE, SR FH SCHR [10] 7 F LR TOPSIS BEAT L, 15 321
B (B AN 3 R G PPUME AR 8 s,

&8 HEMITOPSIS EMBHSITFMESHISEREITNE

AR A (A
Xig #pisma mNs  MeakES  fERELS ISESNE HE
MEME BUERE RURME EENE
A 0.1111 0 0 0 0.0378 3
B 0.5556 0.5 0.5 0.6667 0.5456 2
C 0.8889 1 1 1 0.9622 1

H1# 8 1] LA H, B8 TOPSIS ¥2: 5 A XC 45
2 BA — 3L N C > B > A, HILIRIE T A0
R 5 3R 6 B A VRN 45 T AR TR IR, %
JIEALREA 24X 3 H A I B ) S S e T HE P A L, 2D
TCIEFR B LN 28 ) 2 5 A T B /K P, H e ER B
AT A B
4 & ®

AR ST MBS ] 4 55 R0 2% ) 4 55 79 AN 5 T ) R TR 87
SREJRAT YRR, M T AR B R I VAN TR AR A
Fas XS FE AR PP b A4 TF ZE 30 A5 A 20 T 19 1) 7, R
= AR B P AR AT B AL B SR AR, D T A RLX
I3 LR 7K ST AR R T 55 1R X, 3 ST 6 T AR
B Bt 0 SBM AR L X Ha o 7 2 6 S idEAT 1 s i
B3 N B VEAS RIS, 5 S 3 S 2 Ak B T AR B A 3)
AU B L A SOl R ST B A LR A VRN AR R S B T
Xof L L LR T B A A« HEFR, VT 45 SR TE
IR AHE.
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