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Product Gene Network Modeling Based on Form Aesthetics

JIANG Xin-yu, LIU Zhen-ming, ZHOU Feng, WANG Tao, PAN Hou-yu, WANG Xin-yi
(College of Mechanical Engineering, Donghua University, Shanghai 201620, China)

ABSTRACT: By using the aesthetic gene network of product form, the paper aims to comprehensively analyze the cor-
relation of exterior contour curve of desk lamp, and identify the key elements of product optimization or innovative de-
sign. The cubic Bezier curve is used to encode the exterior profile curve of the lamp, and the coordinates of the control
points are adjusted regularly to generate a new curve shape. The visual perception of the curve is carried out to identify
the correlation between the curves; Taking the curve gene as the node and the correlation as the edge, the aesthetic gene
network of product form is constructed, the topology of the network is analyzed, and the key design knowledge is ex-
tracted to assist the designer in product design. Using the theory of product form gene network to find the key nodes of
prototype design, the design is optimized to make the product modeling design more in line with the aesthetic habits and
preferences of consumers. Through the case study of table lamp contour, it is proved that the product form gene network is
practical and reliable in product detail optimization and innovative design, and can help designers find key design nodes
and coordinate the design of the gene group.

KEY WORDS: product modeling visual power; cubic Bezier curve; curve shape; product form gene network; design op-
timization
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Fig.1 Transformation rules of cubic Bezier curve

FET UL L SR, ASBIE Y R AR AR A R 3R Y R
AN E, a=(0,r), rhAEFESNERE, ik 23 FEREASHIEERMZ
Ya it 1 A B D SRR A R AR AR A, @ SR 4 il R

g 2 = N1 s — r_ ror
HIEREACE I, a= 00> =001) e ke R R R 25t H

Hp g =0+A0 ,r'=r+Ar . WK 2 R, a=06r)— . . b o
_ e W _ FEHTIFHRERZ B APFESCR, ATk r A
bzz(ﬁl;rl)o *&%@FE@%K%KI@1’ET$@§%QQ1&F E%’ Fﬁn%@%?ﬁ%ﬁ?ﬁﬁﬁﬁ‘%ﬁ?ﬂ “I%K/l\ﬁi—l‘

Hiz AR T, BRI AR B 0 AR e I T A R A R D22 0 oy Skl <RS2 2 (1A FE S 5 A i 700

(@, ') SEMRR R B ™ 7 i 1 B A T B S B Y R
7 EFER

PR IR AT R 45 e B TAE AT 1 8

Af EEFERE, DLW S A G5 B, BG4,

T A S O L SRR B AR R AT, Al S A

T O R S TR B R B o 7 S DR 2 A AE

—EMFENCER, TR, T A B R AT AR

P Al AR R = A E e DS Hodh ) SR

TS A S BB, B R iR A

B E R, AR RS, BRI A A

KM% ( Gene Regulatory Network ) 23

az(o, r )

B2 bl A bRy AR S FRRE R, BT O BT R SCHETY R 7
Fig.2 Polar coordinate representation of control points v T 25 5 DR P 45 ) e i 7 DL 1 3,
FrRRR :
” ooees REHAERDEEES
o I , e
| mEmeRs | | shesmioRg | ) TERERTER
N ! n !

EB ARG | osEmemeen | Wt
BOOSEE | | - I -~ |
BRNENES | | MBI B RIRAS 5 TS
NN S
pouieRE | BRI |

[ 3 Sl I A S5 PR ) 2% 4y i e
Fig.3 Construction process of product morphological gene network
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Tab.1 Coordinates of control points of transformation curve

2k 5 1 S AR bR 5% 2yl S AR bR 5% 3 il S AL bR 5 4 v S AR bR
a (0, 344) (12, 391.28) (166, 391.28) (180, 344)

a, (0, 164) (60, 328) (120, 328) (180, 328)

ag (655 , 323.46) (81.76, 320.94) (98.02, 318.40) (114.14, 315.88)
ay (80, 250) (80, 242) (90, 102) (64, 12)

2N (8.36, 15.12) (65.04, 15.12) (117.72, 15.12) (171.64, 15.12)
ay, (8.36, 15.12) (7.32, 15.12) (4, 14) (1.62, 12.06)
a, (1.62, 7) (6.72, 15.12) (14.86, 0) (19.10, 0)
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Fig.5 Change form of each curve
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Tab.2 Transformation critical value and minimum transfor mation value of each curve control point

P il e AR AL AS (A ) AS, (fR/NEHAE)
iz 1 (++) /(=) (14.4°14.4) | (12°,12) (1.8°,1.8) /(3°,3)
ik 3 (++) /1 (==) (11°11) / (9.9°,9.9) (5.5°5.5) / (4.95°4.95)
ik 5 (++) /1 (==) (9.0°9.0) / (8.9°,8.9) (4.5°45) | (4.45°4.45)
ik 8 (++) /1 (==) (7.4°,7.4) / (10.1°,10.1) (3.7°,3.7) / (5.05°,5.05)
ik 9 (++) /1 (==) (7.0°,70) / (6.8°,6.8) (35°35)/(34°34)
ik 10 (++) /1 (==) (7.0°,70) / (6.1°6.1) (3.5°3.5) / (3.05°,3.05)
ik 12 (++) /(=) (6.8°,6.8) / (6.6°6.6) (34°34)/(33,33)
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Fig.6 Profile curve combination of some products after transformation
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Tab.3 Pear son correlation coefficient between gene nodes
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Fig.7 Product form aesthetic gene network under different R values
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