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Product Image M odeling Design Based on Triangular Fuzzy and BP Neural Networ k
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ABSTRACT: Aiming at the problem of poor adaptability between target product modeling and user fuzzy perception
image, an image modeling design method based on triangular fuzzy and BP neural network is proposed. On the basis of
analyzing the process of product image modeling design, triangular fuzzy method is used as the preprocessing tool of im-
age input data of BP neural network model to transform the user’s fuzzy perception image quantitatively; Factor analysis
was used to reduce dimensions to obtain superior perception image; With the help of KJ and expert evaluation method,
large difference samples are obtained. According to the shape analysis and modeling characteristics, the product parts
modeling characteristics are divided, and the dominant samples are selected by Delphi method; Based on MATLAB plat-
form, traingdx network training algorithm with adjustable weight inertia and variable learning rate is adopted, By learn-
ing, training and forecasting the product advantage samples, the relationship model between the component modeling
elements and user perception is constructed, and the optimal quantitative combination of modeling design elementsis re-
alized, which makes the BP neural network more effective in the qualitative analysis of user fuzzy image. This method is
applied to the modeling design of lumbar traction device. Experiments show that this method can effectively realize the
guantitative analysis of fuzzy images. The neural network model output of the established lumbar traction device meets
the design requirements and promotes the transformation of design concepts.

KEY WORDS: product design; triangular fuzzy; lumbar traction device; BP neural network

s HEE: 2021-04-03

EEWMB: TEINHEGFARTRA (C20190370); ML E ZHFFRALALHFAILAR K (SD191077)
EER/: A (1977—), F, bARA, Hd, RLXFEHKK, TEAFHRRXTFTEFT DT,
BEEE: 299 (1995—), %, LEA, RLKXFMALA, T FAHBET . B EEKE KT,



186 fu, %%

R GE HLP AME IR SUR ELE A AT, 7
ail i [ BIESNR, Ei, &%, ok, USRS
T = it 5 A TRE i AR O B IR K L
R B RO A IR R, P A
SRAMUAE T HIRE, HiEE AR RS, Nt
Ui LA 3 R R AL VS o FLR, $24 0 Ik
MBEREGRE - ERREZ RN E B R, =
SRE BT S DB A e B i T 2%
BTN | 27N SN = T U E o L A N v Y o RS
AN R E T, LAFEHUAE R B, SR A S i
RN R, R HBOHRE, Gz 1] BP #i2 X
265 T A5 PP RVE TS R I 78 G 5 AP 5
Bbg R BEAL BT, BB RIL, SkiE . XX, &
SEAF PRSI AR BT (AR T A 5 I
LI RURPEPEOY, R T . R R BP A
MRS, A R R R A O R AR
Laia %5 O B IR 6 0GR 2 I 45, LA FHL R i
XA, BRI RS BN R ) A AR, A
11 S 43 45 S BT 1) o SR S B A R 58
ARSI PE, HRTRZ 56 TRA R SO AL T, 55
PR P BOM BN E B RSB B e 5, 7ok
TR X TR S B IR 22 , R L
A R EOAE BB AL BEAY IR , i B R A
P i ) Lo A BIE 5 5 AR LB SR LA 3
AEWFTEATAL, BP 22 R 45 A8 7 il it 2 e g oz P 32
AR T FE R P REE ST, X
RS MEMERS 51 SR BTS8P 20 BP
22 W 25 0 Hts R A T B HR T o

I, ARBIESEAE 73T i T G R R R A A (R
I, G A = A ASURY BELTE AR P 6 7 i G R A
Ho PR A IERURIETCER , a3 I A > R
g1 BP R4, SiBlE M on R i e
G fe)n DUEMES 51 dr i BTt o B, de il
BT AR BP MR M 2RSS 5 1Y R G B S
Titho

1 BREEHREBHK

G RVBE T B e 2 T P AR S R AR R
E B St R P LR R R R B A
FE BRI E 4, BB R R 25
ia AR E AR F BT ik, P 75 R 577 i
TIE 5 5 B LA s BRI 75 P DT 9 HE 42 T MBS hy oK
Brie, UL 1.

1.1 BIVBEMBRANESR T EMNERE

AR P B B 2 T SR JE 77 i BT 38— B3,
BRERNTERE T HOM T — & $t 1y 7= i e 5
WIE 4T oK Bl S AL . iRk SA s, R
A 1 TR o5 7 R R S [ I B4 5 7 AR AR T

XX

2021 %7 A
I -
E ! ! ALl
[ mmms— | P |
: * lr ": punipullsiop gt fonbuniys il :'_'_'_‘_':
[ ompmmw | [ EEEE )
E v : ! L REED: !
| mamsk |l ! e
sl Syiiefas sl 173 PN
[ mm=ame | LRPE
| RAEIITE !
[ mre | L_Beas ]
! s :
! T -
! v K 1 L=
| mmmmg | |eeeeesmeg] T
RS, FEn S BRATINER | .
7 L |

______________________________________________________

K1 BT
Fig.1 Research plan

— P ToA 5 S A AS 2 A R AU AS R P T, SRR
PEAAEAT A E S AR RIS IS FIRE A,
HE LR AR 2 D) S50 N Bl e A0 S 6 7 A ) A 7
e R(ETEIE SV TP R/ RER LN iRLIE IR R
SR AR
1.2 BERBRABRMAB=RER

X — B B RIFRIBOT] P fi 475 oK, it — 2P M
WIS AR R, R ORI S S JLAS B AT SR 1 Y
FEAES . RTIREZESRE (SD %) MELR, @
T BOR LS 82 3R 502 FN e A 4
Br. P trdsdrid; e BAEARHIE, 189:bnik
B 5 I T B IR A A1 RN BT X g
TISZ A P I Al R A I =S (I 4R 8, W KOk &
FIF IR MR LT
1.3 MR mERFFIEE

T VR AR i AR R T R 4 A LA BT T R Y
R E SO L A TN S B H 2R, B
FHRIFEIAA ZAIEH , XL F A 0™ dhig BT
R ISR AR, S RS B R
RIS R TRAFIE S, IR 2500 7 i i AT A ) R PE A
My, TERE DIRESSERYIERE b, J0 b H IR AR 1F
A3 BT 25 LB G TOAR TT AR Y T4 o 3 RURRAIE 5 AR A0

vty ZEL BT P AR AR P 7 TR RN LARE , 38R
KA H: . AL HIES i 5% .

1.4 BIYF@mERIEITEER

RV g 7 T A5 BT AL B B A
PR R, — AL T Matlab, Python i) 1 i %
DREE L BB — A LSRN B R A B = 0 i Y



8428 5 143

LA MRS SEF = ArBORIA BP 2 4 7= h 25 0 3% i 187

AR, 2T —E M0 AR R BP M M2
Zx, AT A HE BRTORI T MIER TR, B4
RIS BR BP MR 285N, BN FHBOAREAT WU
RN U [ A7 Z I 0 s

2 ARRBRMBEREMTILIE

H T R RO M N R s, PPN B
SRREAER G A | 10 = A R RN B
(B Ak s BB T3 5 iR L A 2 3k i mT
Hi Zadeh BB A2 BHUEHES, & X B=(a,b,c),
C=(d,e, [) JIPiINFESIMIE, WEE BN F IR .

B®C=(a+b,c+b,d+f) (1)

B®C =(axd,bxe,cx f) (2)

2.1 FEBRMEZHIENEE

BBE n LI T v DAY ¢ DA Gt
FIpROr, I HPEA ]l O B 5 1, ik
SRR, FR N

R} = (0}, py»4q5) 3)

Hobs v MREAE; ¢ W ESAGE; n HIIE
i

i=1,2, =, v

j:l, 2’ e t

k=1,2, -, n

W) A2 DG T v AN FEAS R ASORS PV 1 o ]
INH
R - Iélnl ]éllz 1§1"2 Rllv R}

l e n Nl e Nn e ~l e n
fe R:21 : R:21 R:22 : R:22 : RZZV . R‘ZV 4)

]élll Rtnl 1}}2 ﬁtnz ﬁtlv ]él'z

FE MHAE E BB ICh Wy, W onfi
D35 A A [ O

Wn:(Wl1 W21“', Wn) (5)
22 BAEBZR=-"ASEEMREKESHEMLE

n MR EXFEAR | BHES j 2 AP
J D, N,

B =(DE, D, L) (6)

LA 25 A O R D P i AN I0 R DY AR =
FABIE, 4

Nk k ko _k
Dj = (x5, 52;) (7)
Her: 4y =3 af-w (8)
k=1
My =3"bi-w 9)
k=1

F;;{ = ZC: . Wk (10)
k=1

X

WMAR

BEZE

K2 BPHMIZMZIHIIESHY
Fig.2 BPneural network topology diagram
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Fig.3 Schematic diagram of coding features of
lumbar traction device
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Tab.4 Individual tester evaluation
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Tab.5 Partsof theimagetriangle fuzzy overall evaluation

B [l i (g il

V; (0.1458, 02833, 04333) (06333, 0.7833, 09125) (0.0975, 01821, 0.3427) (0.1165, 0.2490, 0.3978)
V, (01042, 01991, 0.3133) (0.6667, 0.8167, 0.9375) (0.1833, 0.3333, 04833) (0.1917, 0.3333, 0.4833)
V; (05667, 07167, 0.8542) (07208, 0.8583, 0.9500) (05000, 0.6500, 0.7958) (0.6833, 0.8333, 0.9500)
V, (0.7875, 09250, 1.0000) (0.6500, 0.8000, 0.9250) (0.0917, 02167, 0.3667) (0.6000, 0.7500, 0.8875)
Vs (0.1365, 02177, 03157) (0.7623, 0.8104, 09169) (0.3252, 04324, 0.6068) (0.2156, 0.3587, 0.4002)
Ve (02123, 03937, 04711) (07764, 09723, 1.1790) (01452, 0.2924, 0.3724) (05087, 0.6641, 0.696 3)
V; (00731, 01042, 01585) (13365, 1.7966, 2.1539) (0.0961, 0.1943, 0.3445) (0.2046, 0.3406, 0.4474)
Vg (03123, 04221, 05103) (02433, 04726, 0.6115) (0.1644, 02173, 04218) (0.0983, 0.1683, 0.2025)
Ve (00241, 00719, 0.1814) (07396, 0.8937, 0.9783) (0.0550, 0.1397, 0.2101) (0.1670, 0.2576, 0.4523)
Vi (02454, 03095, 0.3849) (06121, 0.7677, 0.9178) (0.1730, 0.3431, 0.4233) (0.0425, 01853, 0.2974)
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Tab.6 Part of the perceptual image evaluation
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vV, 028664 07781 02011 05323 03833 08094 03188 03198 02875 09021 02531
V, 02039 08094 03333 04147 03667 07448 02831 06323 02719 08698 0.3354
V3 07136 08469 06489 08563 05990 08771 07469 07771 07469 09459 0.8250
V, 09094 07938 02230 08937 04524 09385 07938 01333 08261 0.6625 0.7469
Vs 02219 08250 04492 07615 04000 09313 02375 03833 05000 07615 0.3333
Ve 03677 09750 02756 09240 05917 03177 04167 02688 05167 09240 0.6333
V; 01100 17709 02073 09240 04500 0.8406 02073 02875 02698 09240 0.3333
Vg 04167 04500 02552 04333 03833 07938 02073 03521 02875 04333 0.1594
Vo 0.0873 08763 01361 07681 0.1272 08733 02875 02719 02719 09873 0.2836
Vi 03123 07663 03201 08723 02966 0.7655 01923 00924 01271 0.8436 0.1776
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Tab.7 Sample moderation test Tab.8 Principal component extraction
N Bartlett BE K 5 , PR e 38 -y Al
KMO #i5 — — i
ALK T A B 2 KT B s i T R2H pent il T YA

= = N=U=X =] AR ELEL PR EL L
0.7710 411.3620 190 0.000 0 A ASStaE S AR
1 6.3981 329905 32.9905 4.8942 254708 254708
2 21185 109240 439145 3.4459 157297 41.2005
61 3 18221 91107 53.0252 1.9198 9.0992 50.299 7
4 14312 7.2558 60.2810 1.7053 8.8264 59.126 1
g 4 5 13142 6.3710 66.6520 1.4086 6.5431 65.669 2
& 6 10698 53492 72.0012 1.3000 6.3320 72.0012
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Tab.9 Factor rotation component matrix
F S F AL
1 2 3 4 5 6 1 2 3 4 5 6
AfY  0.827 0281 -0.237 0035 0049 0.054| {54 0265 0672 0156 0.383 0.170 -0.083
XA 0715 0104 0127 0.003 -0.195 0.092| Zf 0456 0505 0.056 -0.275 0.132 0.239
Pt 0603 0.115 0.293 0.007 -0.044 0.060| ¥ 0360 0435 0042 -0.105 -0420 0.011
A% 0683 0056 0033 -0190 -0.315 0137 | %4  0.064 0159 0.897 -0.069 -0.027 0.120
fai# 0731 0.085 0.126 0.115 0.107 0.020| #f#  0.177 -0.089 0778 -0.215 0.027 -0.022
M 0720 0393 0004 -0173 0.038 -0175| Fa#E  0.058 0.120 -0.078 0.765 -0.039 0.053
FE® 0522 0212 0332 -0021 0241 0089| A -0131 -0.062 -0.180 0.749 -0.039 0.018
fifiy 0052 0820 0.169 0.175 0.015 0.244| [y -0.009 0.053 0.024 -0.103 0.854 0.052
+#¥ 0108 0.759 -0.103 0.003 -0.183 -0.115| &K  0.027 0.012 0049 0.085 0.109 0.900
IRBE 0415 0.701 -0.041 -0.206 0238 0.177| 4Fi& 0334 0378 0110 -0.052 -0.195 0477
x 10 HMHBERIFMN LW RHERERD
Tab.10 Part of the sample evaluation experiment and sample code
A BN ESR WITEZE
F5 mn Wy w4s BE R Bk X, X2 Xs Xa Xs Xe Xy
1 2.05 6.90 2.80 455 1.05 6.35 000 100 001 100 01 101 001
2 4.30 1.90 6.65 5.65 5.20 3.10 001 110 001 010 01 110 010
3 5.00 2.75 3.25 6.45 3.20 3.40 010 001 000 001 10 000  OO1
4 1.90 6.85 2.85 4.25 1.55 6.55 000 000 010 000 10 101 001
5 3.75 2.20 3.30 475 4.95 3.00 001 010 100 000 01 110 001
6 2.25 6.35 2.45 4.85 2.10 3.80 010 100 010 000 01 101 001
7 2.05 3.55 5.35 3.30 3.65 3.75 011 000 000 001 10 000  OO1
8 1.55 5.20 6.70 4.20 3.45 3.25 100 011 100 100 01 011 000
9 5.60 1.55 3.30 2.00 6.40 1.75 101 101 100 011 11 010 011
10 6.85 1.15 2.45 1.40 5.45 1.35 110 010 101 011 10 100 100
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