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Grey Relational Analysis of Flybridge Yacht Modeling
Based on Kansei Engineering

ZHANG Yang®, SONG Lei®®, LI Xue-lin®, LIN Hai-hua*®, SUN Hong-yuan™®
(1.a.Naval Architecture and Port Engineering College, b.Weihai Yacht Intelligent Integrated Design Engineering
Technology Research Center, Shandong Jiaotong University, Shandong Weihai 264209, Ching;
2.School of Art and Design, Qilu University of Technology, Jinan 250353, China)

ABSTRACT: The work aims to explore the evolution trend of flybridge yacht modeling and the importance priority of
various modeling elements and improve the efficiency of modeling design. A yacht modeling design method based on
Kansei engineering and grey relational model was proposed. Through collection of flybridge yacht samples and perceptual
vocabulary, factor analysis and cluster analysis were used to divide the flybridge yacht modeling evolution into different
stages, and the structure lines of 27 newer samples in one stage were extracted and summarized, and then grey relational
analysis was applied to obtain the priority ranking of various modeling elements of flybridge yacht under different per-
ceptual vocabulary. Designers could decide the priority of design under different perceptual vocabulary according to the
importance of each modeling element. User-oriented product design can provide designers with reference data based on
this method. At the same time, the stage division of yacht modeling evolution based on Kansei engineering can avoid the
impact of modeling that is not accepted by users on subsequent results. While improving the design efficiency of flybridge
yacht, it can better meet the psychological needs of users.

KEY WORDS: industrial design; Kansei engineering; grey relational analysis; flybridge yacht; modeling element
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Fig.1 Priority model for modeling elements of
flybridge yacht
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Fig.2 80 samples of flybridge yacht
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Tab.1 Perceptual vocabulary to describe flybridge yachts

F5 SRR XS 5 RHE TR

1 b Y-y Y 7 R 1 -3 1Y
2 ZEAE-FNER 1Y 8 U Y- Ra
3 kB -EER 9 8 B - AR
4 B -EE W 10 FER-2I0H
5 BB - YT 11 RIS B -SEBRAY
6 HEAR -/ NI 1 12 TR - TR 2 1

PR AR 20T . I AEE A TR T A O A 7] 45 4%
10 fy, Walnl 20 £y, JEAF AR A T 4B AL
S SPSS 19.0 M TR AL B, L, K
s PYASCHE, W&k 2, Hh KMO ( Kaser-Meyer-
Olkin ) J& T b2 £ 1] 1] BRLAH OC 22 BRI AH 5 R 4L
FIFERR, FLEUE A 0~1, KMO RYfEBHEIT 1 W k5
g [A] AR DG PE G , A 78 i S S R 4T
AW i fS KMO fE >l 0.854, & B A4 #d iE 4118
I HT A
% 2 KMO 5 Bartlett £7&
Tab.2 Verification by KMO and Bartlett

K aiser-Meyer-Olkin i BURE 1 257 0.854
Bartlett HERIEAG & 312.296
df 66
M 0.000

RS BRI T o b, A9 B0 R TT R RE
W 3, R24AHETFHEA 3ANHETFRFFIEERT 1,
HHEr 3 AT 23T DTlkEE A F 79.7%, 2 80%.
I, $RBC 3L FE R 124 F R e As i

R T AR R AR A AR AR B B A SRR
X LR BRI TR, e IR AR B R, LR
A, 25N LR 2 (B RO B BT e, A3

T L, REEURT AT CTRIE R CSEARET R
FERYT CHEFREYT ARG O 14, R CREEUN-
KAREY” BUEERK; AT 29, “skiHy” “BHE
A7 R O 14, Hp Cskm-EERT BUE
R AWT 3, CRIT CEERT 5 14, K
HORERA-EE AT B, NI, KRR 3 5%
A A8, BV 3 XTI« Rk
(97 S-SR T R AT AR R St

FERI R AL
x3 BRFEMR
Tab.3 Total variance explained

+ ‘ AR AR AR
giit 75 %1% Fn/%
1 6.105 50.877 50.877
2 2.142 17.854 68.731
3 1.316 10.970 79.701
4 0.798 6.650 86.351
5 0.570 4.750 91.101
6 0.356 2.969 94.070
7 0.222 1.851 95.921
8 0.177 1.476 97.397
9 0.125 1.039 98.436
10 0.096 0.799 99.235
11 0.054 0.453 99.688
12 0.037 0.312 100.000

2.3 kHEREEAKRES N

Tt Ui A A 1 i B BE AT B B o0 I 1
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R A RIS LR AT RIS T, 15 5 4 a] B4 SRS
RERTE (il 3 Fro )o MR A Am 25 2H 18] B 25 n] Xf
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Tab.4 Component matrix after rotation

VAS
W N FE T
1 2 3
B - KA 0.928 -0.119 0.105
1R G -fRT 29 Y 0.883 0.243 0.108
YR8 1Y -5 BRI 0.879 0.019 0.156
ZEARI)-FNE 0.870 0.123 0.309
BB -SRI 0.768 0.095 0.271
TEAR -/ NI 1) 0.768 0.419 0.140
I -2 TOHY 0.644 -0.328 0.336
K-S EN 0.144 0.859 0.338
Bl 1 -7t S 0.350 0.774 0.230
PR Y -3t 1Y —-0.306 0.717 -0.344
By -EE= 0.168 0.043 0.906
HE Ry -SRI 0.291 0.217 0.845
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Fig.3 Connection tree diagram of 80 sample
groups of flybridge yacht
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Fig.4 Scatterplot of flybridge yacht modeling trend

4 TEHHEREEENS TR R KBRS AR

41 XNHREEREZRSHE

WA Bk N W EREAS 27 A, $RIR
R A AU AL P S A R 2, BEAT I B BRI

FEARFRAE L SEATIH G 025, LA 6 Fhas B2 &
5 26 #h26 H, HRNFE 5 FrRrY I IE i 5 5
£zHH,

% 5 FP AR T LU A 5 625 FOR ] 1 K
PR REREAS o N R IESS /AT, T#E 5 625 FiAEAS hit
5 AR LA T T 5 S K IR AT o B 1 iR %L
P 5 A SPSS 19.0 # 4, 1HEINER 6 s iR
FEASL 25 A4, AEAEEAKT R TSR] B 2R R Bk
25 H, #EItE T Rhino B4 Lk 25 NFEA RS T
P A (& 5 i ) FEHETER 2 IRIAE G



184 fo %% TR 2023 4 8 H
x5 XMIFEEREREE
Tab.5 Flybridge yacht modeling elements category
MR XH1 FH2 XH3 XH4 XH5
ZX1 ZX11 ZX12 ZX13
AR T AL - B - .
ZX2 ZX21 ZX22 ZX23 ZX24 ZX25
kR —_— =
ZX3 ZX31 ZX32 ZX33 ZX34 ZX35
AR < = — T T —
ZX4 ZX41 ZX42 ZX43
L - < =
ZX5 ZX51 ZX52 ZX53 ZX54 ZX55
R R P — N o — Y —
ZX6 ZX61 ZX62 ZX63 ZX64 ZX65
JUE A 1 R 25 —— —_— E— Py

@ \,
S
&

_ — —= =
e —— e
® ® ® — ®
;%%%fﬁl- (jgéfiz—— i ;;fi:;__ /5E%§EE§7
———  A— —_'_' —_— AP——T ——
e |° e s |° = [T
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Fig.5 25 flybridge yacht samples
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PRI R, il I T 45 BB R A 4514

A5 3 RO Ui R A% 1 R 2 M T A B )
FREE, HEAT 45 2 AU 28 X B P A 45 SR 114 K S B 43
Mro B LR CAFUAIE S A B R 2R AR D, HITE I
K (1) —(2)

D =[x; (k)] (1)

x; (k) =[x,(0),x;(2),-+, x;(m)] (2
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Tab.6 Matrix of modeling element category for each sample
FEAS ZX1 ZX2 ZX3 ZX4 ZX5 ZX6  EEUN-KARE KHR-EERN RI-EE
1 1.00 3.00 2.00 1.00 3.00 2.00 4.32 3.28 2.24
2 2.00 3.00 5.00 1.00 5.00 4.00 2.32 1.26 2.42
3 1.00 1.00 1.00 1.00 1.00 1.00 4.32 3.28 2.32
4 2.00 5.00 5.00 2.00 3.00 1.00 3.32 2.34 3.28
5 1.00 4.00 5.00 3.00 4.00 5.00 2.28 1.28 2.32
6 1.00 3.00 3.00 3.00 2.00 1.00 4.32 4.24 1.24
7 2.00 4.00 3.00 2.00 1.00 2.00 4.3 4.28 4.2
8 1.00 1.00 2.00 2.00 5.00 5.00 3.28 3.3 2.32
9 2.00 3.00 4.00 2.00 1.00 5.00 4.38 4.28 3.26
10 3.00 5.00 2.00 3.00 1.00 4.00 1.42 3.38 3.34
11 3.00 3.00 1.00 2.00 4.00 3.00 3.36 3.26 4.36
12 1.00 5.00 3.00 2.00 5.00 3.00 1.34 23 3.28
13 1.00 5.00 4.00 1.00 4.00 2.00 2.32 1.24 2.38
14 2.00 5.00 1.00 1.00 2.00 5.00 3.28 3.3 2.28
15 2.00 2.00 2.00 2.00 4.00 1.00 4.3 2.32 2.28
16 1.00 2.00 5.00 1.00 1.00 3.00 4.34 4.3 1.26
17 2.00 2.00 1.00 3.00 5.00 2.00 3.28 2.28 3.24
18 2.00 1.00 4.00 3.00 3.00 3.00 3.32 3.34 3.28
19 3.00 4.00 4.00 1.00 5.00 1.00 2.26 1.24 4.3
20 1.00 2.00 4.00 2.00 2.00 4.00 2.28 3.26 2.26
21 1.00 4.00 1.00 2.00 3.00 4.00 3.26 2.32 4.3
22 3.00 2.00 3.00 1.00 3.00 5.00 3.28 3.42 1.2
23 3.00 1.00 5.00 2.00 2.00 2.00 2.28 4.34 2.26
24 2.00 1.00 3.00 1.00 4.00 4.00 1.32 23 1.38
25 2.00 4.00 2.00 1.00 2.00 3.00 2.26 2.36 3.44
FALHERE S, Hiata W= (3). X Ay = max max | x; (k) — xq (k) | B R Al ;
S=[x (k)] _[ﬂl (3) Ain =rqinrr}jnlx§(k)—x8(k)| ol A 5 Ay (k) =
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F A5 20 I IR R BN B ORI BE | K
DRI BE Ay I IR R A A, Wl (6),

(i,5) =23 7L50(K), ()] (6)
k=1
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Tab.7 Prioritization of modeling elements under different perceptual vocabularies

REPEIEIL XS @EAIER £=05 HEF  £=04 ¥ £=03 HH¥ =02 ¥  £=01 HiF
ZX1  0.640 2 0.598 2 0.544 2 0.470 3 0.358 3
ZX2  0.589 4 0.542 4 0.482 4 0.402 4 0.284 4
S AR ZX3 0576 6 0.528 6 0.468 6 0.387 6 0.270 6
ZX4  0.667 1 0.626 1 0.572 1 0.496 1 0.380 1
ZX5  0.632 3 0.593 3 0.542 3 0.472 2 0.363 2
ZX6  0.582 5 0.536 5 0.476 5 0.397 5 0.280 5
ZX1 0713 1 0.673 1 0.618 1 0.538 1 0.410 1
ZX2  0.637 5 0.591 5 0.531 5 0.448 5 0.322 5
p— ZX3  0.685 4 0.643 4 0.586 4 0.504 4 0.372 4
ZX4  0.689 3 0.648 3 0.594 3 0.517 2 0.395 2
ZX5  0.620 6 0.574 6 0.515 6 0.434 6 0.310 6
ZX6  0.696 2 0.654 2 0.597 2 0.516 3 0.384 3
ZX1  0.754 1 0.722 1 0.678 1 0.616 1 0.515 1
ZX2  0.701 3 0.662 3 0.609 3 0.535 3 0.420 3
R ZX3 0617 6 0.574 6 0.519 6 0.444 6 0.335 6
ZX4  0.717 2 0.680 2 0.631 2 0.563 2 0.458 2
ZX5  0.662 4 0.621 4 0.567 4 0.494 4 0.383 4
ZX6  0.635 5 0.593 5 0.539 5 0.465 5 0.356 5

Wit 7 TS, 7E CREBEUN-RAR T
PEIBICRTT , I3 2 ZX4 785 ML d B i e
HWKh ZX1 MER R RIZ | ZX5 it Lk, ik
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JIN, U446 3 oF i 1O | DR Ik Ay ok — 2B R A 4
FHRIA T EBUE M 0.4, 0.3, 0.2, 0.1 BF4EHE,
LEAAGSTE EBUE 0.2 1 0.1 B, fRSCEESS 2 FIs 3
PRI A T2, HARTFRAMAE , I, £ K
Y- KA BRI, A Z e ARIK
Jo. BB KT R AR R | R
ISR AR L . AL

FHTRVEE 025 3R B UG T IR B X sk 19 -
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T AT LA A A58 A B AT T A B0 B R 4, it e
TR IR AR B — B SR R U AT R AR 1
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