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BT 2 2U% T R L 1 B R T B
i, AT RUIA SR 2 AN FE 2 2R o i) Kl s T 3 AL R
Aol ST RS B RS RO AR B
A BTG B . 22 AL 2 0N

Dl <& (14)

A Deper R A BT A5 A B BT S BUR I REA
B JFC G I B Y 2 RO P SR R A B
sEMIEL R AR, N NBUE M — M E/NMIE.

wmiE 1 iR, B D, > e, Dy>e, HILEZ A
SR 2 A T SRR N 5 BRI T S R Y
Rl AR AR 22 57 ek K, ANREAE N B BT OT 5
IMiD,<e, Dy<e, Ds<eRW 5 Z M KM 344
BTT S5 5 B RO SR % A 22 S/l DL
N A BT S

ARG B EIR ) 2 A T7 Ik, DN T A
DR TR & B Ir AT 6 P F KR
Wi o JFA HE LT AR A BT S BOT RIE R IR S
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Fig. 1 Difference evaluation process
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Fig. 2 Process of fuzzy inference system
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D(x})) =

Ad.b=1,2,....B; B.e{l,2,.... N= 1} FiIh 2
HRO 5y r= 1.2, T, T F ™ 2 [ 4t

TSI 2 (1= e (5) ) 35 A i g i 14
FA. ST, KRR (O (8, A A 4 1

&7 R
= Ax, —x,)+x? (16)
e xS E AT A AR T 5 x O

BRI 0T R x, S x, AL s A N A
AR 2 A ) o

1.3 AR EIFHE

1) £ESCHR [18] F, A iy S5 4 7E M AL & 07
FEBTh i A P B B RN BT S B R R, 55
T R S PR R oK, X A T7 2T B B AR A
FH PAARE & 7 S8 A e — E TR L 2 i g T B
Ko MAEMAIE ST et & b, 0P R TE
A E AR W E RO, FE A AT,
L2 AR 2 7 ST e R .
e, ARBEFE BT B 2R 25 40 1 1 BE S B {3
BEAY, R 08 1 1k 68X i R A A O R BT R B2
M, U584k 1P R AR LT T5 58 B B SR A

2) SCHK [18] 7% R AR & T S i ad
BT Y 240 R R 2 18] ] 5B — X 22 A G
A, —E R Lo IR R BT S Bl iR 5
KA o T AR L R v A B A 45 RN S
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ARG, P A GRESHOIN G r e, Br A 248
139 S 4R TR A48 2R, A LA E RN
J et SRAE A i AR, 6 T R A R A T AR A
PR I 7R DL KPR e

2.1 EHlHR

AR ST R R 1) BSOHE PR SR TR - T R 00 LA
T ROBE 0 BB o BRI A S 2 A T,
O3 SR A U B S RUE MU R S S RO . A
PERES SR 12 R HEK = L S R A
2RSS B AL, AL TS5 R 120 4%
AR . 5855 68 M IRIT S EM L. 2 > FIF
Z I REAS AEAE R B E R, — M RE S BU(E, *T
RS 10 ST RGBT S 8, 10 I 56
Z AN 0 & SRAR 2l R AE
PRI A TG v AR B2 19 FH P 7 R DA B P s oK
F4 1 i B P ot 7 4 1863 B8, B LAAR R 5% % 1
FAAE R A o 4 5 — 25 Pk RE S B DR B U P
SR, A B AN RO B AR G i A o SRR R A
S FH M RE S B0 DA SRERIE 5 A8 S i i, BR TP
RE S B0 v I R BERUMEL AL, 0 75 W BTG &5 5 &
SERBEE R CETT, N 2 PR
F2 EHAAEK

Table 2 Simulated user requirements

St AL PERERUE EEAE
HEK & 7200 &1
S B A% /km 9 000 &T
Fatk2 1.25 &1
| Byt 8.6 &T
RHER 24 &T
105 B3 22 ET
AR IS 3 %
HEKF A 6 000 &T
S B A% /km 6 000 &T
Ttk 1 ET
, RN 8 %
RHER 16 &T
B 2 ET
AREH RS 2 ET

Wi B BE 2 BU% 5 BT S BB AR AR X K
Z, W 3 FTon o AR RE S B B AR v R
FCM Ak iR R 26 bt L R U7 22, FCM AR E 5
R B I 40 0 WS R HE B P AR 1 BT
F 5 R RN BT S BUR BT T R 2= 5, T
B A SCPP-Ak ASOR H 228 40 00 HE 3O 2 5 4 LM

®3 BHUAPERME M BEN SRR ITSHERDN
BT SHIE

Table3 Corresponding design parameters in parent vessel

database for simulated user requirement hull perfor-

mance values

A5 Bt 23 EULELE)
Hit/m 142.8
fE 98 /m 15.7
RR/m 11.6
1 "Z7K/m 5.8
R 19/(%) 17.87
FZ O TR A 22/(%) 19.86
AiK/m 154.5
i 8 /m 15.9
B /m 11.6
2 Iz 7K/m 5.8
R 19/(%) 2038
RZ IR A 22/(%) 18.28
x4 FCM BEILE
Table 4 Parameter settings of FCM
R EAS ZHUAE
ORI /m 1.7
IER BRI 1000
WSk 0.000 01

22 EMRESHEIHER

BRI P 5 SCHK [18] B4 1 RES B B
WAV, W 5 Al LI 2], AP 5L
RI5, FR AR T 5 AL i A T,
WP R GEER 1 B Bl 2R AT 15 1 PR RE S (B S5 A
SR 5 SR A PR BERUEL AR AT, R IAAS BT 5 42 Hh 110
RGLTELS 1 B BOSOR HE 21 b B P R RE A oK
(1 AR RE 7, B A% o A A LR T P R RE
Koo [R)INF X G SCRR [18] (445548 $fE B 2% 252 B 4 B
A RE S B, 7046 R 2 8L RE S 8 b A X
BT P f R A PERE S R0 22 5/ o RS ER
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Table 5 Comparison of fuzzy inference performance indica-

tors and simulated user requirement parameters

®o6 BHPEEMGEMEETSHERMARERILIEZITS
itk
Table 6 Comparison of hull design parameters from fuzzy in-
ference and simulated user requirement design pa-
rameters

O MR RRHAL g
HeKk &/t 7200 7222 70 58
B A /km 9 000 9061 8613
Fatk2R 1.25 1.253 1.23
| BYE 8.6 8.61 8.5
R 24 24.08 23.48
I 22 2.202 2.18
AREA LIRS 3 3.02 2.87
HeK &/ 6000 6012 6193
S A /km 6000 5760 6254
Fark£sk 1 1.09 1.11
, BHtE 8 8.06 8.14
RIER 16 19.68 20.34
pnlip i) 2 2.09 2.11
AR EA LIRS 2 1.92 2.08

BRI SO

i BitSH

MM Oy Cemtps))

fE/m 142.8 141.37 148.79

M FE/m 15.7 15.83 15.91

B /m 11.6 11.54 11.68

1 Hz7K/m 5.8 5.86 5.83
REAR A 19/C)  17.87 17.9 18.35
RZANERLM22/°)  19.86 19.79 18.67
Mi/m 154.5 154.8 158.48

A5 /m 15.9 15.95 16.05

PR /m 11.6 11.6 11.7

2 1z 7K /m 5.8 5.79 5.83
RZMBAA19/) 2038 19.05 18.52
RZMRfA22/(0)  18.28 18.43 18.37

2.3 MRENG TS AR IR

B AT FE $ 1 ARSI B AR LR 2R 1 B BOH
P SR BE S BOSOR HE BEAE 9 5 2 B B A et
2RO B 0 e A K RE 2 MO S A D Y
B S XA BETE 5 SRR (18] i st 2 8K
T 22, W3 6 T o AR FE R H i) 2R G0 4 AR
B2 8UE S U B2 2E A D 22 B /)
FICHK [18]0 X R R W 2 el i A Y it 7
SEASUA A B 28 G0 RE A8 AR Bl FH ™ 1) SR A AR X
O BL LT 7 58, TRl AR FE BRI A AR U4k 1
(19 28 G0 HAT 5 oy 14 RO 0 2

2.4 HEAREIT R IEMEH BT

ABIETE AR H AR BT T 58 A AR Gl e A
YA FEORE T P 55 R e A A PERE S 8, P WS S iy
RS, ST E R 2 AP RE ok i,
F G030 5L A 2 4 and” iz BB AU A S R0 o
i 1 RN AF 5 PAE ROE SR . AR,
FRAF SRR G KR, WL — DR oK
A8 BT I8 8 AT BE 2 R 5 — 1k B 5 5K B9 58 42 5
Blo G, AR BTT5 59 PR S & AR 21 Y
SR, FAEAR T & SE PRI bR HE R AT REAE , 5 2

XoF BT A A R R AT A BRI Ak, LR 7 3 11 IR
e P it SRS AR AR HE R BT %6

A SCOREE RES B S B BB B 5 58 R 3 4y
12 R, R 2 R A — AU P R
P RES BB S HOG L A A 2 7 S8 F ) TR B A
SR (R Ak B2 B(E S O B B2 77 56
Xf L AR BIF 5 5 Sk (18] 4 BE AT 2 /Y i BB J7
ESEE - SMEIE S s X raa et LR T
22, RYUE A BT A B

B EPETE R A IR

N
Z (DPi«nfﬂ _ DP:?ar)/DPfar

i=1

score =
1-

x 100 (17)

N
A DPM RN R 5 | N BOHSEG DP
Fon RN OT RS i RTS8 N SRR — &
A N AR BT S
el 3 prs, 12 U8 e 2l AWk s
AR A A A B D7 S B 5 B PE o WD R T
SCHR [18] BRSEAY B 45 R R WY, AR T 4 1Y
PR &7 S BT HE B R S RE S TRAIE A LAY
BT AR R R R, A5 S ST 5
Bt

3 & &

ASCEE XA T BT M ST ik A7 A
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Fig.3 Comparison of rationality scores between optimized and

non-optimized solutions
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Fast fuzzy reasoning and optimization using
a stacked-like-based ship conceptual scheme

YANG Yuanging', YANG Meng’, WANG Hao®, Huang Zhigang', Chen Shuai’,
LIU Weigqin™, YANG Xibei', ZHOU Ta""

1 School of Computer, Jiangsu University of Science and Technology, Zhenjiang 212114, China
2 Hanjiang National Laboratory, Wuhan 430060, China
3 China Ship Sciertifc Research Center, Wuxi 214082, China
4 School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology,
Wuhan 430063, China

Abstract: [ Objective | The design of conceptual schemes for ship types often faces challenges in managing
the complex coupling relationships among various design parameters. Traditionally, conceptual schemes for
different ship types and corresponding requirements rely heavily on the domain knowledge and engineering
experience of ship experts. This approach leads to long design cycles and high costs. Therefore, this study
proposes a fuzzy reasoning strategy based on a stacked-like structure, aimed at rapidly generating initial
solutions for ship conceptual scheme. [ Method ] This strategy employs fuzzy reasoning based on the user's
requirements to derive the performance parameter values of the ship type that meet the user's requirements.
These values are then matched with the design scheme library of the master ship to obtain the conceptual
scheme of the ship type that meets the user's requirements. Drawing upon the principle of stacked generalization,
the method introduces a stack-like structure to systematically combine the initially inferred valid information
with the input user requirements in a hierarchical manner. This approach reduces reasoning bias by applying
multi-stage verification. Finally, a clustering algorithm is designed to optimize the fusion of the performance
parameter library and the master ship design scheme library. This optimization enhances the rationality of the
ship conceptual scheme by establishing quantitative relationships between new designs and proven reference
solutions. [ Results ] The numerical examples demonstrate that both the performance parameters of the ship
type derived through reasoning and the corresponding conceptual schemes effectively address the real needs of
users. [ Conclusion ] To address the significant inference bias in performance parameters observed in
existing methods, this study proposes a rapid fuzzy inference system based on a stack-like structure for ship
conceptual design. This system enhances computational efficiency while effectively reducing reasoning
deviations during the inference process. By leveraging hierarchical reasoning layers, it improves decision-making
accuracy in the early stages of ship design. Existing methods for ship conceptual schemes design often result in
unreasonable coupling relationships among the solutions generated through reasoning technology. This study
thoroughly explores the commonalities between the fuzzy reasoning results and the parent ship, ensuring that
the user's requirements are met while eliminating the imbalance in the design parameter coupling of the ship
conceptual schemes. As a result, the efficiency and rationality of generating ship conceptual scheme solutions
are significantly improved.

Key words: ship hull conceptual scheme; fuzzy logic; stacked-like structure; performance parameters;
cluster analysis



	0 引　言
	1 基于类栈式结构的模糊快速推理模型
	1.1 相关性工作
	1.1.1 性能参数生成
	1.1.2 模糊推理

	1.2 模型优化
	1.2.1 性能参数模糊推理优化
	1.2.2 设计方案合理性优化
	1.2.2.1 聚类初始化
	1.2.2.2 聚类计算过程
	1.2.2.3 方案合理性优化


	1.3 本研究创新性

	2 算例验证
	2.1 算例描述
	2.2 算性能参数推理
	2.3 船型设计参数模糊推理
	2.4 船舶设计合理性判断

	3 结　论
	参考文献

