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Abstract: In order to accurately obtain the real requirements of customers, improve the accuracy of decision-making in the
design and development of new products and customer satisfaction of products, In this article we propose a customer re-
quirement analysis method (IFS-KAQ) that integrates Kano model, analytic Hierarchy process (AHP) , quality function ex-
pansion (QFD) method and intuitionistic fuzzy set (IFS) , and further study and analyze user demand from multiple perspec-
tives. Firstly, IFS was used to process the Kano questionnaire results, obtain the intuitive preference information of custom-
ers, and determine the customer requirement category and the customer satisfaction coefficient (S,) . Then, IFS and AHP were
combined to determine the intuitive preference relationship through expert interviews, and the final weight of each cus-
tomer’s requirement was determined by combining the results of intuitions fuzzy Kano model (IFKM) and intuitions fuzzy
analytic Hierarchy process IFAHP). Finally, IFS and QFD were combined to obtain the correlation degree level between
customer requirements and technical requirements and construct the correlation matrix to establish the technical requirements
target and obtain the weight of each customer requirements and technical requirements. The analysis results were used to
guide the design of a passive waist-assisted exoskeleton. The experiment proved that the customer satisfaction of exoskeleton
products guided by the analysis results of customer requirements could be significantly improved by this method. This re-
search method can improve the accuracy of decision-making and the reliability of decision-making results in the design and
development of new products, improve the customer satisfaction of products, and provide reference for solving the decision-

making problems in the design and development of new products.
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Tab.1 Kano model evaluation form
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Fig.2 Customer requirements analysis technology roadmap
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Fig.4 Measurement of the Kano model scoring criteria
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Tab.3 Customer requirement analysis

sk SR e S, ek
cl A 0.1100 1
o I 0.0103 4
3 I 0.018 7 3
ca I 0.040 2 2
Cs 0 0.374 8 3
c6 A 0.1343 6
c7 0 0.395 1 2
o M 0.180 2 4
9 A 0.420 3 1
C10 A 0.171 4 5
Cll1 o 0.2553 4
C12 I 0.087 8 5
C13 0 0378 6 3
Cl4 o 0.709 9 1
Cl5 0 0.668 6 2




IFS-KAQ HI R MM s ik 5 55 i ©45-

5 3 (1) X6 T R A DB i e R 04 7 — X
PRI , 25 d(A, A)<0.1 , WG B SEASORJ DT v o

'—i-l/ J-1
! Hr:i+1 Cfﬁaff (9)

2023 4 10 A IRIRES, 4.
0 0.200 0.250  0.300 0.500
—0.100 0 0.050  0.075 0.900
v=|-0.125 —=0.025 0 0.100  1.000 W3 3o — B
—0.150 -0.038 —0.050 0 0.800
—0.250 —-0.450 —0.050 —0.400 0 =
(7)

5
S,=>>v,xu, (8)
i=1

i=l j=1

22 ETF IFAHPRIARPERNES
IFKM #] J T4 345 A [ —fE N2 Z R T
B P TR Z BB EH A Kano ZE5, (HICHE A%
L3 SR T AS [ o ) 2 2R 9 P 7 3K 22 (8] 1 AL
T TR S M I RE 2 SRR A IR B A dh S A
&, & AR X A Jy 1H H P A &,
KR IFAHP R1545 P K AR . RESR 4
o R N7 T AR U Ml S A A = ()., - FFIE S
K (9) L X (10) X Hgb A7 —E b Ab #7153 58 A0
— SRR A= (ry),,,, o
*4 EZWALBREER

Tab. 4 Scale of pairwise comparison of elements

brlE FE X IFN (¢, By, 7))
0.1 AT (0.10,0.90,0.00)
0.2 e AT (0.20,0.75,0.05)
0.3 R (0.30,0.60,0.10)
0.4 THAE % (0.40,0.45,0.15)
0.5 BR3¢ (0.50,0.30,0.20)
0.6 TR Z (0.60,0.25,0.15)
0.7 H T (0.70,0.20,0.10)
0.8 JeHHEE (0.80,0.15,0.05)
0.9 BN ERE (0.90,0.10,0.00)

il J-1 o Jj-1

! l\/Ht:Hl 0(1.’0(,/. +! l\/Hr:iH (1 -, )(1 —0(”-)
o J-1

n - Vl Hr:i+lﬂffﬂ?i

'Bz/ = = — =
ji[i\l/H‘r/:m ﬂi"gf/ + ﬁi\l/sz:m (1=g)a _ﬂf/)
A i<<e(i,j,1=1,2,3, -, n) WHHEFEPIT
R, oy AWIRIRITRIREE, B Awiin m iy B
a, N—B M RmE, B, h— Bkt Ak R R
oMY it i, = (a,, B,); Y j=i+l i,
m=(a,.B): 4 j<iif, 5 =(a,, B

(10)

d(A,A)=— &
20n—1)n-2)
ii(&y —al.j|+ B, —ﬂ,j|+ e —zzl.j.|) (11)

Kh:m HVRMBIE, 7, h—HERBIE,
my=l-o =, 7, =1-0, _Bi/ °

AR LA — SO I AR B | @ =X (12) 118
25 FH P 5 SR A8 JIT A D0 J2 88 28 v (R R N AN TR 3 2ot
A (13) 2 (14) HEATR A FINAL, 152025 F P 75K 1
SR w(C)) o Zlad = (15) #4545 FH P 77 2R i AL
TN EIAE V;, SN ZE R PRI REL,
R1.R2.R3 WyIA#E RE5 510 2/3.1.5/6, IFi 74
—fRAbFR, PAIAS 20— AN BSE W, PR
AR Wl (16) 155, 4505 5.

%5 IFAHP ERRNETIF
Tab.5 Weight list of each factor of IFAHP

F sk 5 PR AR A )2 A AR w & R Z AN B b ZACEE
R1(0.274 3,0.596 6) R2(0.3339,0.5580)  R3(0.2354,0.659 8) w(Cy) Vi W, w
Cl (0.3337,0.595 1) — (0.0915,0.8367)  0.128 11 0.09404  0.104 38
C2 (0.2029,0.747 5) — (0.0357,09181)  0.05177  0.03800  0.038 39
3 (0.2570,0.681 5) — (0.0705,0.8715)  0.09986  0.07330  0.074 67
C4 (0.094 5,0.866 8) — (0.0259,0.9463)  0.03977  0.02919  0.03036
Cs — (0.1957,0.670 7) (0.0653,0.8544)  0.10485  0.11545  0.158 72
C6 — (0.137 6,0.740 0) (0.0459,0.8851)  0.07960  0.08765  0.099 42
Cc7 — (0.1229,0.776 6) (0.0410,0.9013)  0.06937  0.07638  0.106 56
C8 — (0.158 5,0.725 3) (0.0529,0.8786)  0.08662  0.09538  0.11257
9 — (0.076 6,0.843 7) (0.0256,0.9309)  0.04696  0.05171 0.073 44
C10 — (0.045 0,0.885 6) (0.0150,0.9494)  0.03243  0.03571 0.041 83
Cl1 — — (0.274 8,0.611 7) (0.0647,0.8679)  0.09831  0.090 21 0.113 24
C12 — — (0.174 8,0.705 3) (0.0411,0.8997)  0.07016  0.06438  0.070 03
Cl13 — — (0.1949,0.671 2) (0.0515,0.8820)  0.08366  0.07676  0.10582
Cl4 — — (0.086 5,0.840 2) (0.0204,0.9456)  0.03717  0.034 11 0.058 32
Cl5 — — (0.086 5,0.815 3) (0.020 4,0.937 2) 0.04113 0.037 74 0.062 97




. 46 .
" 1-4,
B D YV S DL 0] B
zx‘:lz/':l( _ﬁij) Z,-:l
w,®w, =(e,,,.B,,+b,-B.5,) (13)
Hrp (@,.B,), w,=(a,.B,)i,jel, nl.

W(C,) = Wy, ® W, ki€ [1,n] (14)
Horps we, AAPTER CAERTTEENZ AL, wy,
NHPAER Co SR i N JZ 231 AE B AR )2 9L
=, w(C,) AR CAE A bpE i BAE

1+a. -7

FUHBLEEHB H38% 5

2.3 ET IFS#1 QFD HISMB BRI IT AR T RIKEL
ARSI A it BTN R 5 B K
IFKM F IFAHP ZEA 1580 PR EARE FA
Jo 2 FH P R SR AR R D 5 8 B S e A E i S
PR G B H AR TR (R 6) AR ZE MR
IRV, IRl T R P TR S EAR T R
RIEIATVE S BIAHOCHERL S , PEOMARE L2 7,
R I BORTG SRAH I OC R & ZE A X S AR
TR Z R SR AT RN 40 BT A 21, E b v L 26
8o BLAN, il TR 4T 3 SRIFIZEAISE S =i, IF
Wit 5 9 Likert R HTH AT H I MBS

Vi=o+ é -7, (15) 15 B as R e A R P R R A i e A
o R
W:WVX(1+S,,) (16) ﬁi%@%io
+
G+
+
+
+ +
+ +
HIX R TR W, S, W Pl AlL|A2|A3|A4|AS|A6|AT|AS|A9 IOl AFEIT | AFE2 | AFHD3 HE
C1 [(0.0915,0.8367){0.09404| 0.1100 [0.10438 |A | @ |O|O | A © 2.25 2.50 1.75 6
ﬁg C2 ((0.0357,0.9181)/0.03800] 0.0103 {0.03839| I |©@ O [O [ A © 3.50 3.50 4.00 14
% C3 {(0.0705,0.8715)[0.07330| 0.0187 |0.07467 | 1 © © 1.75 175 1.50 8
N C4 {(0.0259,0.9463)[0.02919 0.0402 |0.03036| I © © 3.75 3.75 3.75 15
C5 [(0.0653,0.8544)[0.11545] 0.3748 |0.15872|0 [0 |0 |©|O olo|0O 2.25 2.25 4.50 1
C6 [(0.0459,0.8851)/0.08765] 0.1343 {0.09942|A |© |A [O|©| A|O olojo| 225 2.25 4.25 7
E EE C7 |(0.0410.0.9013){0.07638] 0.3951 |0.10656 | O | A AlOoloe|eo [©) 4.50 4.50 5.00 4
o g C8 [(0.0529.0.8786)[0.09538| 0.1802 [0.11257 |[M | A Alo|ofe o|o| 1.00 1.00 1.25 3
ES C9 [(0.0256,0.9309)|0.05171| 0.4203 |0.07344 | A 0 © ) 5.00 5.00 1.25 9
C10 [(0.0150,0.9494)[0.03571| 0.1714 [0.04183 | A Ao ©|0 1.00 1.00 1.00 13
C11 [(0.0647,0.8679)|0.09021| 0.2553 {0.11324|0 | A e|o|A © 2.25 2.25 4.25 2
| C12 |(0.0411,0.8997)|0.06438] 0.0878 {0.07003| 1 | O Alo | A [©) 4.25 4.25 4.75 10
Erg C13 |(0.0515,0.8820)(0.07676| 0.3786 [0.10582|O | A AlO|O|© oAl 425 4.25 4.75 5
X c14 (0.0204,0.9456)0.03411| 0.7099 {0.05832 | O @) Ollo 1.75 1.75 3.00 12
C15 (0.0204,0.9372)[0.03774 | 0.6686 [0.06297 | O | A o|o Alo 2.00 2.00 4.50 11
e - - 1 B S Y - D ol B
HRER = wlal<]|w|alals]|=]a ]|
e weee | 313(2[2]2]2]2]E]z]5 85551
SRl A N L R 1
T S N R R
o o o Lagl <t o — — [ag} [\l el
S EA L A E A A =]
Nl =] — | 7
T3 AR NI EIEIEIN
et~ — || |[n
Hey Tl |ofajeln]lo o |~ e
Es5 REEREDR

Fig.5 House of quality model



2023 4£ 10 H

FRIRES, 5. IFS-KAQ MR r i 5 i H] - 47 -

®6 HAFTKIFE

Tab. 6 Technical requirements list
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Tab.7 Correlation matrix level of relationship between
customer requirements and technical requirements
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Tab.8 Level of relationship between technical require-

ments
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Fig. 6 Design scheme framework
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Fig.7 Model of passive waist-assisted exoskeleton
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Tab.9 Comparison of customer satisfaction evaluation
questionnaire results
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R 7.50 8.33
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