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Offshore Wind Turbine Selection Based on Intuitionistic Fuzzy Environment

SHAO Meng, MAO Zhi-mou, SUN Jin-wei” , GUAN Xiao, YI Chuan-xiu
(College of Engineering, Ocean University of China, Qingdao 266100, China)

[ Abstract] The proper selection of offshore wind turhines is crucial for the long-term efficient operation of offshore wind farms.
Aiming at the problems of uncertainty and subjective preference of decision-makers in the decision-making process of wind turbine se-
lection, an improved multi-criteria decision making (MCDM) framework and method was proposed: in the weight solving algorithm,
group decision and intuitionistic fuzzy numbers were combined with analytic hierarchy process, and the group intuitionistic fuzzy analytic
hierarchy process ( GIAHP) was proposed to calculate the index weight, in the alternative ranking algorithm, the cosine distance was in-
troduced into the technique for order preference by similarity to an ideal solution (TOPSIS) , and the multi-distance TOPSIS was proposed
to determine the alternative ordering. Finally, taking the selection of wind turbines in offshore wind farms in Shandong Province as an ex-
ample, the robustness of the framework and method was verified by sensitivity analysis. The framework and method provide a theoretical
basis for the selection of offshore wind turbines in China, which can ensure the long-term stable operation of offshore wind farms.

[ Keywords] offshore wind turbine selection; intuitionistic fuzzy numbers; group intuitionistic fuzzy analytic hierarchy process

(GIAHP) ; multi-distance technique for order preference by similarity to an ideal solution( TOPSIS)
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A, (0.8,0.15) (0.7,0.2) (0.6,0.25) (0.8,0.2) (0.8,0.2) (0.6,0.25) (0.7,0.2) (0.7,0.2)  (0.7,0.2)
A, (0.7,0.2)  (0.6,0.25) (0.6,0.25) (0.7,0.2) (0.7,0.25) (0.7,0.2) (0.6,0.3) (0.8,0.15) (0.8,0.15)
A, (0.8,0.15) (0.8,0.15) (0.7,0.2) (0.6,0.25) (0.6,0.25) (0.7,0.25) (0.6,0.25) (0.7,0.2)  (0.7,0.2)
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S SU SI EQ I SI VU VU VU] x5 BEFKRBHFEMNIBRNE
SI S VI SI VI VI U U VU Table 5 Criteria weights from each expert
U VU S U Sl EQ EU EU EU s BUR/%
LRl LER2 LR3I LR4 LRSS
EQ U I S Vil VW v w GV C, 12.8 11.6 11.1 12.7 12.5
B;=|VU EU SU VU S SU EU EU EU| MR C, 10.4 114 1.1 10.4 10.1
U VU EQ U SI S EU EU EU ey, 154 13.6 13.4 154 15.1
1 SI Y| 1 EI VI S U U myﬁfﬁﬂfﬁc}%ﬁc 12.4 11.5 11.2 12.3 12.1
Rkt #Cs 16.2 155 152  16.3 16.2
I SI El 1 El El SIS EQ PR RA Cq 13.5  15.5 15.2  13.4 15.1
LVvi T El VI EI EI SI EQ S | B C, 7.5 80 1.5 6.6 1.2
HER BTBE T Cq 6.1 8.0 7.9 6.6 6.1
IR (8) ~ (1), A3 5% i 0 Ui 2 o G M% Cy 5.7 5.0 7.4 6.2 5.7
[ — BOPERE TR S, 2B E /N T 0. 1, 16 22— Bt .
ZoR. MR (12) ~ 3(16) X4 5 10 41 P 3 0] L
SRR 1] £, I E AT S AORI AL Fn U — b Ab PR 45 3 ;;’H 14.0 ) s ]
BLRNARICE IR S Bk, 2X07) s A& 2 108 '
LW R A BRI ED  E g s,
Kl 3 s, fE4& R Fatn i, D3 i 318 H = 6of > 8
P A A BT R AT 15. 8% i
TR U 1 9% A G 7 50OF 0005 B9 A 0
X N o oo X 2 (3 C4 C5 C6 C7 C8 @
fE R H AP E R e B Z R A, AR N 14. 6% |, T
7k 3 B > & Xl B > BB W il 3%
%)&KIERij Zi EE'T‘}L'{WJXL Hh%’pﬁj‘j % He E’J )‘iz , K3 RS kRNE

WE N 14. 4% , 2480 B0 E fE B E %
WK FZ M T K K B HLLE AR P s 4T TR B IR iB
e A e HOACE 4> B 12% 11, 8% FI
10. 8% , ok 3 MIEMFEARA T 10% , fufh iz 4t
AR R RS RE N IR S5 A B 7. 5%
7.0% F15.8%

0.0714 0.0621 0.0804 0.0730 O.
U=10.0653 0.0565 0.0804 0.0689 O.
0.0714 0.0679 0.0883 0.0627 O.

WL (21) ~2(26) 43R A5 IE AR AR | 3
REVAA RN 45 7 5 %oF o %) IR X 8 A 5% B S 40 il
F6 . £KTFn, WIER(27) 00 555 7 AR
PR P i R B 0. 5, SR 1545 7 22 B AR X 432

Fig. 3 Final criteria weight

3.3 EEARHERE

7 ZHEF i F 2 BE B TOPSIS &S5, MR
K (18) ~ 2 (20) Xty @ PEH B AT 2 1k
JEAL AL BE | SRAS A IE AL U Ry

0988 0.0799 0.0468 0.0391 0.0327
0897 0.0877 0.0406 0.0428 0.0357 |-
0849 0.0844 0.0426 0.0391 0.0327

R7T SEARIEEEEMGEBEEN
RN BE B NALEE s
Table 7 Euclidean and cosine distances of the
alternatives to positive and negative ideal solutions

JERET = (0.5260,0.280 4,0.5935) ,H A, >A, > P T RIS
Ay o AT SRINHEG T 205 D3 i 4 i 558 IR A B £ F F
PIRRBE G RARE IO A B B K T HEAR A Mo 00162 0080 0081 00034
N g \ N N A . 02 .01 . 004 .001
W5, WL, A J7r 02 b XL B B 1k ? 0-0203 001007 0.0043 00013
EE,HL A, 0.015 5 0.019 1 0.002 6 0.004 5
*6 TFHEEMSHEER
Table 6 Positive ideal solution and negative ideal solution
W e bR
THLAE fifp
o C, C, C, Cs Ce (ol Cq Co
A* 0.071 4 0.067 9 0.088 3 0.062 7 0.098 8 0.079 9 0.040 6 0.042 8 0.0357
A~ 0.065 3 0.056 5 0.080 4 0.073 0 0.084 9 0.087 7 0.046 8 0.039 1 0.0327
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3.4 HRMEST

TETT R ZHE P, 5 UK [) B et 47 22 8%
ARES TR AR g, IR X R G R 5 A 19
AN 25 F B S AT AT, R R A
160 ~1 A5, AR IR BE S 0. 1, AH X 22 3T 3 5 1 &
P E 4 froR, BRI 4 R
B A 23 5 i AR 6 2230 B AR Ak, (H X BB AR R AN 2
DABRZAE £ 1 7 R A e G, oh AR 22 40T B A9 AR Ak itk
AT & KA sZ R B 51 A TOPSIS H, n] LA 3L
BEIRTA) 7 6 22 B A 22 vk, R, G UM A
BIE , RPAEfi 4 22 0% A — 8 R B A el AR, A7 g
TEAR TR (1 5 e P AT ] S e

=0
y)

P4 AS[Rdf RE BE T 4 8 75 58 B AR X 4 0T B2
Fig. 4 Relative proximity of alternatives at

different levels of preference

4 g

BEE RTFEAE RE R A0 T GEUR TR T b XUR A fI 4
MR AR 3 A DI b XU T A b AN T /D Y S5 B
WA, B XU K i AL e BN B XUH 3 Y A B
BusATilH BRE B, DU I 1 XL ik
RIRBITFEAT IR, ELAE DR R v AE AN R A IR &R
AN AT R S B B 7 A WL 22 R, Oy TR
Y Mo fifp o B XURIL 06 28 [ AT 9 Bl v b XUR 7l Ak
R BT —FhHT I MCDM HE B2 K J7 vk, 4% 3
I T UL AR A b AUR 3 AL e 0 S g o, i
BEURAE 23 A7, 6 TR A% HE Z B 5 3k B 5 R A R ]
P, AT LA b KU 3 KUPL G B $R B e 2 1
AR 45ie,

(1) iy BB IR BY 25 5 W R AR R 52, 7T
A4 S eite b XU AL SE PR DL, 3 g D 3
4 B

(2) R E MRS AP FE PR R R T E
BRI R 7 S IR YR, BE SRR BE I A i 5
SR o TR R AR DR SR 5 LR AR AL i 7
REAGIE— 2 [ AR DR B A 52 T 0 i 22 X ke 5 45

SRR, A i WA A SR AR P R TS

(3)5IAZ REH L PR i, SR BB AR X
PR MR B, B o e 45 SR A S R B
Mo SRAMBUEIE AT, S bR P 7 ik & R

(4) 4t gt b XUHLE RUAE 2R, n] LAVRE Al A3 2L
W ERMTTSE, W HRMA NS5 il
RO 5 b A0 42 8, I AHE 2R 0T URE T H A
T7 SRR AR
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