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Comprehensive benefit evaluation of smart substation construction projects from hybrid information

YANG Dianging, YE Kunfeng

(School of Economics and Management, Fuzhou University, Fuzhou 350108, China)

Abstract: A comprehensive benefit evaluation index system of a smart substation construction project is constructed from
four dimensions of intelligent, economic, green and safety benefits. The attribute values of the evaluation indicators are
the hybrid information containing linguistic variables, exact numbers and normal distribution interval numbers. A hybrid
multi-criteria decision making model for hybrid information is constructed based on intuitionistic fuzzy sets and a
combined weighting method. First, different transformation rules are used to uniformly convert the hybrid information
into the form of intuitionistic fuzzy numbers. Then the GEM-IFE combination weighting method based on a cooperative
game model is used to determine the comprehensive weight of indicators, and an improved TOPSIS evaluation model is
established based on intuitionistic fuzzy sets. Finally, 10 smart substation construction projects are taken as cases for
analysis, and this model is compared with the traditional TOPSIS method and single weighting method. The results show
that the hybrid multi-criteria decision-making model has good robustness.
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Table 1 Comprehensive benefit evaluation index system of smart substation construction projects
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Table 2 Linguistic variables to represent attribute values
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Table 4 Index information of smart substation

construction projects
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A23 <0.214,0.786 > <0.174,0.826 >
A24 <0.175,0.825 > <0.165,0.835 >
A25 <0.036,0.964 > <0.694,0.306 >
A26 <0.551,0.449 > <0.529,0.471>
A31 <0.865,0.135 > <0.615,0.385 >
A32 <0.60,0.30 > <0.10,0.90 >
A33 <0.883,0.000 > <0.115,0.382 >
A34 <0.915,0.000 > <0.661,0.036 >
A35 <0.577,0.000 > <0.482,0.091>
A36 <0.354,0.008 > <0.888,0.000 >
A37 <0.845,0.155 > <0.497,0.503 >
A4l <0.667,0.333 > <0.333,0.667 >
A42 <0.500,0.500 > <1.000,0.000 >
A43 <0.943,0.057 > <0.374,0.626 >
Ad4 <0.333,0.667 > <0.000,1.000 >
A45 <0.70,0.20 > <0.10,0.90 >
A46 <0.70,0.20 > <0.60,0.30 >
A47 <0.90,0.10 > <0.10,0.90 >

WHEAER: o =0.7857, o) =02143 , FitH R (22)
B RIS RS Ew , SRk 6 i “w”
FR .
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Table 6 Weight table of comprehensive benefit evaluation index of smart substation construction project
Hirz — R dabn W, w, w TR W, w; w

— IR FE R ALL 0.0335  0.0368  0.0342
TR AL2 0.0335  0.0396  0.0348
BREA I BT A13 0.0313  0.0403  0.0332
B3 Al 02310 02598 0.2372 RF ) [ 20 TG SE AR B A14 0.0315  0.0341 0.0320
FELIRAS WM Dh e SLILAREE A15 0.0364  0.0376  0.0366
TELEHE T TR AT BE A6 0.0349  0.0360  0.0352
R a2 W RE ) A7 0.0300  0.0355  0.0312
TR EA R R A EE A21 0.0413  0.0365  0.0403
T R GUAT I 21 D 22 R B A22 0.0402  0.0419  0.0406
o M I A % A23 0.0504  0.0440  0.0490

BT A2 02609  0.2416  0.2568
R GI 55IUE A24 0.0504  0.0430  0.0488
| B %&ATR A25 0.0384  0.0405  0.0388
et Zﬁizgi A26 0.0403  0.0358  0.0394

BT H &%

PRvEI LR A3 0.0361  0.0396  0.0368
SRR Z A “PUHT” HRBFHFREE A32 0.0370  0.0336  0.0363
T TR A33 0.0278  0.0287  0.0280
S A3 02366 0.2375 0.2368 THHRIZ R A34 0.0357  0.0359  0.0357
TR SR EE A3S 0.0349  0.0274  0.0333
Wk 75 G BE A36 0.0348  0.0324  0.0343
IMRIL T LB A37 0.0302  0.0399  0.0323
SR HRLRE UL B R CHL A4 0.0393  0.0391 0.0393
4k R R R B RS THEhRE A42  0.0394  0.0400  0.0395
BRI EG%% A43 0.0362  0.0398  0.0369
YA A4 02716 0.2611 0.2693 LAREHCRAREL Ad4 0.0410  0.0391 0.0406
HL LK BETT A4S 0.0403  0.0362  0.0394
FH PR [ TR T A46 0.0344  0.0336  0.0342
W2 (5 B2 4 SiagkRe 71 A47 0.0411 0.0333  0.039%4
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Fig. 2 Comparison of the weights of the primary indicators
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Fig. 3 Comparison of the weights of secondary indicators under different weighting methods

*® 7 BT ERRMWSEHZUE TOPSIS iHHELER
Table 7 Improved TOPSIS calculation results based on

intuitionistic fuzzy sets

Wi H %5 o/ o; C,
WA 1 0.6965 0.5444 0.5613
TiH 2 0.6052 0.6309 0.4896
WA 3 0.7572 0.4659 0.6191
TiH 4 0.4965 0.6639 0.4279
WiH s 0.6099 0.6534 0.4828
WH 6 0.8418 0.3384 0.7132
TiH 7 0.6695 0.5798 0.5359
TiH 8 0.6447 0.6474 0.4990
BiH 9 0.6832 0.5671 0.5464
TiH 10 0.4958 0.7408 0.4009

HHER 7 nl%n, IUH 6 MMM & A e, Hk
ATH 3, TUH 10 FAEX T E 5 %. TH 6 HiAH
SHIGITFE A 0.7132, T H 3 BARXS ST 0.6191,
XA H 2R A a2 s i TUH 10 FIAR X
TN 0.4009, ZIH MZEA G AR ZEM .

FANYEFE R ST H BIARRT G R CF 4
B 4 Fror. A 4 0 Hr e 1E:

1) (ERRERLE4ESS, TiH 6 Maaimft, Hik
FTH 2, TH 10 MR R ZER. TiH 6 £k T
TE 2B 43 BT B pe SR T e AN REAL 08 E g A 3L
RIEAr P IEEARER IR Lr, RATHE 6 MR Retk
RGMBEARG T RIZE IS T RIFIIRE, EER
&, TiH 2 fERR T MR Rz ae J1 o
fabr AR R 4F I H 10 {AELEZRE 0 A
W TIRE LRI R, TEHRER ERAAE, R

RIFETPIOTIH, — IR R B LA ki
ALK f R A, TR R A IF
HBBHCORAEAR

2) FEA TR MERE, TUH 6 Bkat i, HiX
RIUH 3, TH 2 ka2 RzER. WH 6 fE475
Rzt IR P A R bs EARSIIR S, BESKIL 7 & REAR
KB AT R, SUORAIE 1 %0 H BB R AT 4
FE I MEEGRE T BUH 3 £ 5T AR &
FERDGHIIH 6 4 — a5, fEH 4RI EASHLITH
6 MR th—2, SETAELT R B A R
EEmiH 2 bt — . TH 2 FER A BE I I EE fit
AE /1T HIARBUASIE AT L, (ESRAE T H A2 AT 2% 5 1
RIOAEE,  Hedge KA I 2 T 2 DO T RE AR e 2%
KB RIAE, VBRI R B, AR
JRERZE, MR TR, i3 BUR Rz
TR 2 A Rk

3) FESR AR YERE, TUH 1 ke i, HX
FEWH 8, WiH 4 fas RN WH 1 fERREE:
FHEBGR AN EARILR G, HAEL R
THRREE F R IH RIS R . BUH 8 1E
B P HE R AT VU3 HAR R R E AR AR
FHERRILR G, FAE TN 98 T AR D2 P
AIH PR BUH 4 4E “PUEr SoRHFE
JERELAFRTTHRIAE, 7EHRIEE EAHRIA
s RWIHAE BRI BT 12 18 it 7% SN BT,
R RERE BT YA 28ty B i » ol s 75 HE TS BE T 35
TUH 4 PREME RS IR R SR, HORAE B IR 4%
PR 2 B B — 2 e JEE ) 7 o Pt o
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Fig. 4 Relative closeness of four different dimensions of benefit
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Table 8 Different evaluation models
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Table 9 Comparison of ranking results of different evaluation models

s RERY WA 1 WiH 2 TiH 3 TiH 4 EIR TiH 6 N TiH 8 WH9  WiH 10 Ws
B 1 3 7 2 9 8 1 5 6 4 10 1.0000
oty R 2 3 6 2 9 8 1 5 7 4 10 0.9956
e i) 3 7 2 9 8 1 5 6 4 10 1.0000
HR 4 3 6 2 9 8 1 5 7 4 10 0.9956
FA 1 9 2 5 6 4 1 3 8 7 10 1.0000
B 7 2 9 2 5 6 4 1 3 8 7 10 1.0000
Wi 57 3 9 2 4 6 5 1 3 8 7 10 0.9833
i 4 9 2 5 6 4 1 3 7 8 10 0.9981
A 1 4 10 2 7 8 1 9 6 5 3 1.0000
2% T 2 3 10 2 6 8 1 9 7 5 4 0.9673
ek PR 3 4 10 2 7 8 1 9 6 5 3 1.0000
P 4 4 10 2 7 8 1 9 6 5 3 1.0000
T 1 1 3 9 10 6 8 5 2 4 7 1.0000
okt A 2 1 3 9 10 6 8 5 2 4 7 1.0000
B i) 1 3 9 10 6 8 5 2 4 7 1.0000
HR 4 1 3 9 10 6 8 5 2 4 7 1.0000
B 1 3 9 2 7 6 1 4 8 5 10 1.0000
w2 3 8 2 7 6 1 4 9 5 10 0.9992
Wi i 3 3 9 2 7 6 1 4 8 5 10 1.0000
iR 4 3 9 2 7 6 1 4 8 5 10 1.0000




- 56 - B 2GR 54

2) AR R AL

R TR {1 SR AP A 96 A W R 5 2 v U PR SR Y
He 45 RA WA B 2T B A IR vP i R RS
A P fE AR £ BRI HE R o 7 Rl c, .

" 5,-8)
o= ZFI(—’) (36)
m

c, = (37)

v

Reb: 5, %5 R EHA T ZIGHGH IS 6
NS .

W EOMAB7)RITFER 8 A 1(Kit
TOPSIS PR FIAR Y 2(F 48 TOPSIS PEA AR 7Y)
IR WG BE € F CF AR ZE AR S R %, 1 E
25 RANER 10 fiw.

£10 BRRHELL

Table 10 Sensitivity contrast of different models
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