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Analysis Method of Customer Requirements for QFD
Based on Fuzzy Theory
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Abstract: As customer requirements are often uncertain, random and discrete, a method integrating fuzzy clustering with
fuzzy extended AHP (FEAHP) was proposed. Classification and grading of ambiguous customer requirements can be done by
using fuzzy similar matrix and dynamic clustering chart. Customer requirements are analyzed based on FEAHP. This method
can translate the uncertain or ambiguous customer requirements into accurate and quantitative ones. It is a valid method for
analysing customer requirements for building product planning house of quality, and the waterfall decomposition of
QFD. Taking the elastic reciprocating seal as an example, the effectiveness of this method was illustrated.
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Fig. 1 Structure of product planning house of quality
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Tab.1 Characteristics of sealing customer requirements

FEEg S i RRFIE FHIES > it KRR
Cn HERIN Ciio Jolett
Co o T Cni TR
Cs T T Cn Myl i A 55 A8 TE
Cu Vi i Cus Hi LT
Cis HAEAZAIL Cia T FH i R R A
Cis Jo ki Cus i i A IS 4 R B
Cy v SN Cuis A
Cs SR Cor FAT
Co PR

b X e Y P R SR AT R 43T, S ) T AL
R (D1) AEE 1 (D)) | BR B B (Ds) | 2 T
(D) &T51E (Ds) | %41 (De) /\/I\tlkjjé?ﬁi"a PER—
P PR MR P R SR HA R AR SR bR )
FRRE, 7E[0, 11X [H] FFf THUA, ﬁiﬂﬂ‘ﬁﬂﬂifﬁﬁﬂ
2% 2.

¢ C, G C, Cs Co Cy Cg

C.y | 1.00 0.16 0.96 0.48 0.

C:| 0.16 1.00 0.20 0.60 0.56 0.28 0.36 0.24 0.32 0.40 0.20 0.20 0.36 0.12 0.16 0.32 0.00
Cs| 0.96 0.20 1.00 0.52 0.16 0.52 0.68 0.48 0.72 0.64 0.60 0.60 0.20 0.28 0.24 0.24 0.08
C.| 0.48 0.60 0.52 1.00 0.48 0.60 0.68 0.56 0.64 0.64 0.44 0.44 0.44 0.28 0.24 0.40 0.24
Cs| 0.12 0.56 0.16 0.48 1.00 0.40 0.24 0.44 0.28 0.28 0.08 0.08 0.80 0.00 0.04 0.76 0.28
Cys| 0.48 0.28 0.52 0.60 0.40 1.00 0.44 0.96 0.48 0.40 0.44 0.44 0.36 0.04 0.08 0.32 0.08
Ci | 0.64 0.36 0.68 0.68 0.24 0.44 1.00 0.40 0.96 0.96 0.60 0.60 0.28 0.60 0.56 0.32 0.24
Cy| 0.44 0.24 0.48 0.56 0.44 0.96 0.40 1.00 0.44 0.36 0.40 0.40 0.40 0.00 0.04 0.36 0.12
C,| 0.68 0.32 0.72 0.64 0.28 0.48 0.96 0.44 1.00 0.92 0.56 0.56 0.32 0.56 0.52 0.36 0.20
Cqo| 0.60 0.40 0.64 0.64 0.28 0.40 0.96 0.36 0.92 1.00 0.56 0.56 0.32 0.64 0.60 0.36 0.20
C.i| 0.56 0.20 0.60 0.44 0.08 0.44 0.60 0.40 0.56 0.56 1.00 1.00 0.12 0.52 0.56 0.16 0.08
Ciz[ 0.56 0.20 0.60 0.44 0.08 0.44 0.60 0.40 0.56 0.56 1.00 1.00 0.12 0.52 0.56 0.16 0.08
Ci:] 0.16 0.36 0.20 0.44 0.80 0.36 0.28 0.40 0.32 0.32 0.12 0.12 1.00 0.04 0.08 0.96 0.32
C.u| 0.24 0.12 0.28 0.28 0.00 0.04 0.60 0.00 0.56 0.64 0.52 0.52 0.04 1.00 0.96 0.08 0.16
Cas[ 0.20 0.16 0.24 0.24 0.04 0.08 0.56 0.04 0.52 0.60 0.56 0.56 0.08 0.96 1.00 0.12 0.20

Cas| 0.20 0.32 0.24 0.40 0.76 0.32 0.32 0.36 0.36 0.36 0.16 0.16 0.96 0.08 0.12 1.00 0.36

C,,10.12 0.00 0.08 0.24 0.28 0.08 0.24 0.12 0.20 0.20 0.08 0.08 0.32 0.16 0.20 0.36 1.00

R s A A 2 s (RASTRAR DL e, T A%
o P AL I, A 5 WA A4S BT 25 A0 4 1
t(R). t(R) F YR AT B EdkfT4025. 2418

20.48 0.64 0.44 0.68 0.60 0.56 0.56 0.16 0.24 0.20 0.20 0.12

®2 RAPRERFENENESR

Tab. 2 Relative indicators of characteristics of customer

requirements
S HIXHALE

D, D, D; Dy Ds Ds
Cu 0.9 0.8 0.2 0.1 0.1 0.3
Cn 0.7 0.3 0.3 0.9 0.5 0.2
Cs 0.9 0.7 0.2 0.1 0.1 0.3
Cu 0.8 0.5 0.3 0.3 0.5 0.1
Cis 0.2 0.3 0.2 0.5 0.6 0.2
Ci 0.5 0.5 0.1 0.3 0.1 01
Cy 0.8 0.5 0.3 0.1 0.3 0.5
Cs 0.4 0.5 0.1 0.3 0.1 0
Co 0.8 0.5 0.1 0.1 0.3 0.5
Cio 0.8 0.4 0.3 0.1 0.3 0.1
Ci 0.7 0.5 0.7 0 0.1 0.3
Ciz 0.8 0.5 0.7 0 0.1 0.2
Cus 0.2 0.3 0.2 0.2 0.8 0.2
Cis 0.8 0.3 0.9 0.1 0.3 0.7
Cus 0.7 0.3 0.9 0.1 0.3 0.7
Ciie 0.2 0.3 0.2 0.2 0.8 0.3
Ch7 0.3 0.8 0.5 0.3 0.7 0.8
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Fig. 4 Dynamic clustering figure of the user requirements
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Fig. 5 Hierarchy of customer requirements
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Tab.3 Pairwise comparison of categories of customer requirements

G C Cs Cy W,
C (1,1,1) (3/2,2,5/2) (2/3,1,3/2) (5/2,3,7/2) 0.42
C, (2/5,1/2,2/3) (1,1,1) (2/3,1,3/2) (3/2,2,5/2) 0.21
G (2/3,1,3/2) (2/3,1,3/2) (1,1,1) (3/2,2,5/2) 0.28
C, (2/7,1/3,2/5) (2/5,1/2,2/3) (2/5,1/2,2/3) (1,1,1) 0.09

10 (4) —=X (7)) AT
F =(5.67,78.5)®(1/23.4,1/18.83,1/15.15) =
(0.24,0.37,0.56)
F,=(3.57,4.5,5.67)®(1/23.4,1/18.83,1/15.15) =
(0.15,0.24,0.37)
(2.83,5,6.5)®(1/23.4,1/18.83,1/15.15) =
(0.12,0.27,0.43)

£

F,=(2.09,2.33,2.73)®(1/23.4,1/18.83,1/15.15) =
(0.09,0.12,0.18)
A1 (8) — L (10) IR F 55 F Z IRl AR XA A
V(C=C)=1V(C=C)=1V(C=C,)=1

0.24-0.37
v(c,=c¢C)= =0.5
(=) (0.24-0.37)(0.37 - 0.24)

V(C,=C,)=0.89,7(C,=C,)=1
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FHE A V(C=C)=066V(C=C)=1V(C,=
C,)=1V(C,=C)=032,V(C,=C,)= 02,V (C,=
C,)=0.29.

A= (1), RANRRAE & 1 1 e /M E R K
m(C,)=minV (F, = F,,F,,F,)=min(LL1)=1 , KMl F
m(C,)=0.5,m(C,)=0.66,m(C,)=02 . H I, C, C,,
Cy, Cy ZIANALTE T 7R 4 W, = (1,0.5,0.66,02)" , ]
—ALJF AL W, = (0.42,0.21,0.28,0.09) " .

FRIRER L n R I TR m ik SiG=1, 2,
3, -, 10) B ALEAE R W, =(0.332, 0.467, 0.212,
0.097, 0.345, 0.558, 0.68, 0.32, 0.316, 0.648) ", J-—
fbJa B w! = (0.139, 0.196, 0.089, 0.02, 0.072,
0.117,0.19, 0.009, 0.028, 0.058) .

220 (13) AR R PR BGE SR bk 4 B
IR RN HEAE N R R R QFD A
oRHA.

W =W xWg (13)

R4 MEFTRUEER

Tab.4 Importance weights of customer requirements

JB 5 SR AR B 5 i >R
. FESERE J7 8, (0.139)
SR SR
,M’F#ﬂt(lzb‘jz;i# e W S5 (0.196)
] FIEHE S5(0.089)
) SR 8,(0.020)
Aifl 4
’E%Oi‘f © S 5. (0.072)
' A BHFAL S60.117)
WEEE R Cs ifit s L Tl S5 (0.190)
(0 28) il A FES T S5(0.09)
200 Gy JRAAE S5 (0.028)
(0.09) HrK $10(0.058)
5 & &

A X B AR R T SRR ST, Rl
L0 17 DB FOR AR FFIEIAZE D 10 DEARKHIE,
WY 1 AR BACE R AR , I LA s 2 B
JiCRE DI RE R IT (QFD) Hh ™ iy AL o o J28 I 2 7 >K 114
A, S T 2 A A R TR B A B A E
S AT AL

M ERGEPE i1 R BILBH ™ it JB 5 75 5K A T 5 1

ALY, G T B SERE BT R T RRY R A

Jrik.

TEE AL T T8I, 35 H BSOS BIIE FIASOR J=
OIATIE BROTRE A AT | RO 2 %o 7 i ) i SR AR AL A
WER BN 53 AT B4 TR H AR E R,

i AR A R TSR TS 1, Bk
T TR IAT R %7 FAALAE™ ik R
WA —EMSH N E.
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