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Methodology research for spherical fuzzy quality function deployment
considering psychological preferences

GENG Xiuli, LI Yiqun
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Quality function deployment ( QFD) is a commonly used demand-driven solution design
method and tool. To solve the fuzziness and uncertainty of evaluation information in QFD, spherical
fuzzy was considered as it has the advantage of independently determining membership degree, non-
membership degree and hesitation degree. Spherical fuzzy numbers were used to process expert
semantic evaluation information, and the needs of suppliers and customers were mapped to engineering
characteristics. To address the information loss problem due to inverse fuzzification in the existing fuzzy
QFD analysis and the failure to consider the psychological preferences of decision makers, TODIM
( Portuguese acronym for interactive multi-criteria decision-making) method was adopted to consider
the psychological preferences of experts for risk avoidance and perform their importance analysis by
calculating the overall dominance of engineering characteristics. In order to verify the effectiveness of
the method, an electric vehicle product service system was used as an example to conduct the

importance analysis of engineering characteristics, sensitivity analysis of loss avoidance coefficient, and
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to compare the results of ranking engineering characteristics of different multi-attribute decision

methods. The results show that the proposed method can deal with the ambiguity and uncertainty of

evaluation information, while taking into account of the risk preferences of decision makers, and is more

consistent with the actual decision context.

Keywords: quality control; quality function deployment; house of quality; spherical fuzzy sets;

TODIM ; engineering characteristics
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Ry —5.284 2981 1.207 -7.062 —5.825 0.000 1.627 —18.317

R;  —7.476 —5.493 —3.715 -8.168 -9.369 —9.113 0.000 —43.335

0.003)",
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Tab.4 Expert 1's semantic evaluation matrix for the rela-

tionship between supplier/customer requirements and

engineering characteristics

THRE R R, R, R, Rs R R,
E, AMI  AMI  EI ALl LI ALl  SLI
E, HI AMI LI ALl VLI VLI VLI
E; AMI  HI El ALl ALl HI  AMI
E, El EI LI EI  AMI ALl  SMI
Es VLI VLI  HI EI  SLI EI EI
Eg VLI LI VLI HI AMI VLI  ALI
E; ALl ALl ALl SLI ALl AMI AMI
Eq EI El  VHI  HI HI VLI VLI
Eq ALl  HI VLI  HI EI El  SMI
Eyo HI LI  SMI VHI  EI LI AMI

AR (7)), &L R MR . AR K T
FERRPE CHRPE VP MM M AT R G, BRI T
SWAM LR R . B 7oK 5 TR QIR PE T
ﬁl\zﬁéﬁy&%%ﬁlﬁﬁm g 6 s

c. TRERREEZ M.

TODIM 77 2 FH T Jr 2% &Y TR BRI A0
TP . TR TR R &M T, R AR
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Tab.5 Expert 1's spherical fuzzy number evaluation matrix for the relationship between supplier/customer requirements and
engineering characteristics

AR R, R, Ry R, Rs R R,
E, (0.9,0.1,0.1) (0.9,0.1,0.1) (0.5,0.5,0.5) (0.1,0.9,0.1) (0.3,0.7,0.3) (0.1,0.9,0.1) (0.4,0.6,0.4)
E, (0.7,0.3,0.3) (0.9,0.1,0.1) (0.3,0.7,0.3) (0.1,0.9,0.1) (0.2,0.8,0.2) (0.2,0.8,0.2) (0.2,0.8,0.2)
Ey (0.9,0.1,0.1) (0.7,0.3,0.3) (0.5,0.5,0.5) (0.1,0.9,0.1) (0.1,0.9,0.1) (0.7,0.3,0.3) (0.9,0.1,0.1)
E4 (0.5,0.5,0.5) (0.5,0.5,0.5) (0.3,0.7,0.3) (0.5,0.5,0.5) (0.9,0.1,0.1) (0.1,0.9,0.1) (0.6,0.4,0.4)
Es (0.2,0.8,0.2) (0.2,0.8,0.2) (0.7,0.3,0.3) (0.5,0.5,0.5) (0.4,0.6,0.4) (0.5,0.5,0.5) (0.5,0.5,0.5)
Eq (0.2,0.8,0.2) (0.3,0.7,0.3) (0.2,0.8,0.2) (0.7,0.3,0.3) (0.9,0.1,0.1) (0.2,0.8,0.2) (0.1,0.9,0.1)
E, (0.1,0.9,0.1) (0.1,0.9,0.1) (0.1,0.9,0.1) (0.4,0.6,0.4) (0.1,0.9,0.1) (0.9,0.1,0.1) (0.9,0.1,0.1)
Eg (0.5,0.5,0.5) (0.5,0.5,0.5) (0.8,0.2,0.2) (0.7,0.3,0.3) (0.7,0.3,0.3) (0.2,0.8,0.2) (0.2,0.8,0.2)
Ey (0.1,0.9,0.1) (0.7,0.3,0.3) (0.2,0.8,0.2) (0.7,0.3,0.3) (0.5,0.5,0.5) (0.5,0.5,0.5) (0.6,0.4,0.4)
Eyg (0.7,0.3,0.3) (0.3,0.7,0.3) (0.6,0.4,0.4) (0.8,0.2,0.2) (0.5,0.5,0.5) (0.3,0.7,0.3) (0.9,0.1,0.1)

Fzo6 ETSWAMHEEH., MEFRKES TEFEXRBKEITNRERRER
Tab.6 Aggregate decision matrix of relevance evaluation between supplier/customer requirements and engineering characteristics
based on SWAM

TR R, R, Ry Ry Rs R R,
E, (0.88,0.12,0.13)  (0.88,0.12,0.13)  (0.50,0.50,0.50)  (0.18,0.83,0.18)  (0.50,0.55,0.25)  (0.13,0.88,0.13)  (0.49,0.52,0.47)
E, (0.70,0.31,0.31)  (0.89,0.11,0.12)  (0.33,0.67,0.34)  (0.14,0.87,0.14)  (0.14,0.87,0.14)  (0.16,0.85,0.16)  (0.18,0.82,0.19)
Es (0.87,0.13,0.14)  (0.85,0.15,0.16)  (0.47,0.54,0.48)  (0.20,0.82,020)  (0.51,0.56,027)  (0.77,0.23,0.24)  (0.86,0.14,0.15)
E, (0.50,0.50,0.50)  (0.50,0.50,0.50)  (0.24,0.77,024)  (0.52,0.48,0.47)  (0.81,0.19,0.23)  (0.14,0.87,0.14)  (0.56,0.44,0.45)
E; (0.26,0.75,026)  (0.23,0.78,0.23)  (0.78,0.23,024)  (0.53,0.47,047)  (0.29,0.73,0.29)  (0.45,0.55,0.46)  (0.45,0.55,0.46)
Eq (0.24,0.77,024)  (0.27,0.73,028)  (0.27,0.75,027)  (0.80,0.20,0.21)  (0.82,0.18,0.19)  (0.24,0.77,0.24)  (0.14,0.87,0.14)
E; (0.15,0.86,0.15)  (0.11,0.89,0.11)  (0.14,0.87,0.14)  (0.37,0.63,0.38)  (0.10,0.90,0.10)  (0.88,0.12,0.13)  (0.89,0.11,0.11)
Eg (0.52,0.48,0.48)  (0.44,0.57,045)  (0.77,024,024)  (0.73,027,028)  (0.76,0.24,025)  (0.21,0.79,0.21)  (0.22,0.78,0.23)
Eq (0.13,0.88,0.13)  (0.66,0.34,0.34)  (0.25,0.76,025)  (0.70,0.30,0.31)  (0.52,0.48,0.48)  (0.55,0.45,0.45)  (0.65,0.35,0.35)
Eyp (0.67,0.33,033)  (0.28,0.72,0.28)  (0.66,0.34,0.34)  (0.78,0.22,024)  (0.48,0.52,0.49)  (0.34,0.66,0.35)  (0.85,0.15,0.16)
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Tab.7 Engineering characteristic dominance matrix under R1 condition based on SWAM
AR E, E, Ey E, Es Eq o Ey E, Ey
E; 0.000 0.282 0.251 0.308 0.344 0.347 0.358 0.305 0.361 0.285
E, —1.836 0.000 —1.834 0.289 0.322 0.325 0.335 0.289 0.337 0.286
E; —-1.636 0.281 0.000 0.307 0.344 0.346 0.357 0.304 0.360 0.285
E, —2.008 —1.885 —2.002 0.000 0.295 0.297 0.305 —1.748 0.308 —-1.870
Es —2.244 —2.101 —2.240 -1.920 0.000 0.280 0.274 —1.941 0.273 —2.082
Eg -2.262 —2.117 —2.257 -1.934 —1.823 0.000 0.271 —1.956 0.270 —2.098
E; —2.334 —2.181 —2.329 —1.990 —1.786 -1.767 0.000 —2.013 0.253 —2.161
Eg —1.989 —1.880 —1.984 0.268 0.298 0.300 0.309 0.000 0.311 —1.867
Ey —2.352 -2.197 —2.347 —2.004 -1.779 -1.757 —1.649 —2.028 0.000 -2.178
Ey —1.858 —1.862 —1.856 0.287 0.320 0.322 0.332 0.287 0.334 0.000
K8 ET SWAM TERHFERBERHEFER
Tab.8 Dominance and ranking results of engineering characteristics based on SWAM
TR E, E, E E, Es Eq E; A E, Ey £ HEFP
E, 0.000 —2.421 —17.496 -17.291 —5.393 —4.156  -17.628 -7.310 —-18.311 —22.220 0.519 5
E, —21.641 0.000 —26.560 —17.342 —21.877 —4.450 —19.799 —21.074 —20.232 —24.580 0.078 9
E; =7.142 —0.446 0.000 -1.904 —3.151 —2.042 —14.011 —5.252 —1.961 —-5.106 1.000 1
E, —6.368 —8.002 —23.313 0.000 —5.634 —6.795 —15.382 —7.633 —21.608 —22.189 0.487 6
E;s —18.930 -3.591 -23.075 —18.567 0.000 —4.572 —15.955 —6.846 —20.875 —21.890 0.370 7
Eg —21.565 -19.213 —26.505 —18.343 —20.538 0.000  -18.190  —19.576 —19.284  -25.880 0.000 10
E; —9.113 —8.447 -9.119 —9.992 —9.849 -9.710 0.000 —10.785 —7.929 —10.468 0.700 3
Eg —17.643 —3.038 —22.455 -17.272 —17.614 —3.792 —17.600 0.000 —18.596 —20.980 0.338 8
Ey —6.452 —6.164 —22.568 —2.375 —3.788 —6.860 —16.292 =7.662 0.000 —19.748 0.656 4
Ey —3.256 —3.224 —-18.119 —2.680 —3.370 -1.797 —12.833 —5.731 —4.877 0.000 0.900 2
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Fig. 2 Sensitivity analysis sorting results
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Fig.3 Comparison of sorting results
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