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Abstract:

vehicles in a relatively objective way, the method of using

In order to evaluate the exterior design of

BP neural network is proposed to evaluate vehicle
exterior design after analyzing theory of artificial neural
network. Based on the advantages of BP neural network
such as self-learning, self-organization, self-adaption and
nonlinear dynamic processing, a BP neural network
evaluation model for vehicle exterior design was
established. Twenty vehicle samples were selected as
learning samples, and eight vehicle samples were used as
test samples. The training and verification of the example
of BP network were conducted using MATLAB software.
The simulation results show that BP neural network is an
efficient and accurate method to evaluate vehicle exterior

design.
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Fig. 1 Multi-index comprehensive evaluation model

of three-layer neural network
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Fig.2 Block diagram of BP algorithm
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Fig.3 Location of 27 local design elements
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Fig.4 An example of exterior styling display of a certain car in the questionnaire
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Tab.2 Critical value test of Grubbs test

; R SE ; RS

95% 99% 95% 99%
3 1.15 1.15 15 2.55 2.81
4 1.48 1.50 16 2.59 2.85
5 1.71 1.76 17 2.62 2.89
6 1.89 1.97 18 2.65 2.93
7 2.02 2.14 19 2.68 2.97
38 2.13 2.27 20 2.71 3.00
9 2.21 2.39 21 2.74 3.03
10 2.29 2.48 22 2.76 3.06
11 2.36 2.56 23 2.78 3.09
12 2.41 2.64 24 2.80 3.11
13 2.46 2.70 25 2.82 3.14
14 2.51 2.76
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Tab.3 Data of input layer of neural network model(partial)

Kl
2R 1 2 3 4 5 6 7
GO 75.7 76.7 75.7 86.1 82.3 74.3 68.0
LATH 64.2 74.7 63.7 85.9 82.1 76.7 53.7
iiiaus 66.3 74.5 63.7 85.9 82.1 78.2 53.7
TRBFT 59.5 69.9 74.3 84.3 81.4 68.6 64.3
THER A 45.6 71.9 73.6 85.7 82.4 70.9 66.7
7 64.4 78.6 77.4 83.6 86.7 71.3 63.6
ik 66.2 75.0 75.7 86.4 85.7 71.4 64.3
JH 2k 59.7 71.3 77.9 86.7 84.7 75.7 64.3
L 71.2 76.4 75.6 85.9 79.0 74.3 67.0
LY 74.3 73.1 74.7 86.7 84.3 72.0 65.0
TRk 88.3 73.3 75.4 86.3 82.3 76.0 60.7
=15 84.3 72.9 67.9 83.6 83.1 73.7 60.0
T4 87.3 73.1 75.7 85.7 90.0 71.9 59.1
JE RB T 91.1 74.0 75.0 82.3 86.0 73.4 60.9
HAE 73.0 71.4 77.9 82.1 87.6 76.4 60.7
F i e 89.2 78.2 73.2 81.2 88.3 63.2 54.5
ENTS 86.3 67.2 79.3 84.3 78.3 67.3 56.7
O 91.2 76.2 88.2 78.7 84.2 70.1 60. 4
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Tab.4 Original and normalized data of total score

of training samples
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Tab.7 Training error of different neurons in hidden

layers of four-layer BP neural network

BEARGHS R A [ BEARSGS RIAE R—fk(E
1 71.2 0.225 11 83.0 0.815
2 69.8 0.155 12 80.0 0. 665
3 83.3 0.830 13 81.6 0. 745
4 86.7 1.000 14 81.5 0. 740
5 80. 1 0.670 15 73.3 0.330
6 68.3 0. 080 16 67.2 0.025
7 83.2 0.825 17 73.2 0.325
8 78.0 0. 565 18 81.6 0.745
9 67.5 0. 040 19 66.7 0
10 78.3 0. 580 20 73.3 0. 330
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Tab.5 Original and normalized data of overall score

of test samples

FEA 5 JEUG{E U —fRfE

21 71.2 0.158
22 69.8 0.082
23 83.3 0.815
24 86.7 1. 000
25 80.1 0.641
26 68.3 0

27 83.2 0.810
28 78.0 0. 527
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Tab.6 Training error of different neurons in hidden

layers of three-layer BP neural network

RaEmZE s O
s i s Pkinz

4 8.732X107° 10 2.457X107°
5 7.348X107° 11 3.024 X106
6 3.547X107° 12 3.233X107°
7 1.734X10°° 13 3.132X10°°¢
8 2.051X10°°¢ 14 2.882X10°°
9 3.122X10°¢

BEERCRIFABILE, O 1 B 1k B 2 8o
Z e A BEIZRAY T DL , 1% BP M 2 M4 5 2

Hidden Layer 1

Hidden Layer 2

Vo2 ph e W or 2 M 2%
T Plgis s T Plgiis s
TR TR

4 9.233X10°° 10 3.464 <106
5 5.643X10° 11 4. 3441076
6 3.132X10°° 12 3.437X10°°6
7 1.435X10°° 13 3.560>X 106
8 3.765X10°6 14 3.782X10°°6
9 4.433%X10°6
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Fig.5 MATLAB model of BP neural network
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Fig.6 Variation of output error of BP neural net-

work

x8 MEMEKIGER

Tab.8 Training results of neural network

A BB VIZRES AIXTUR | REAGE WIS IZRES AR

7 Hh BB/ |5 h ROE/MN
1 71.2  70.1 1.54 11 83.0 83.3 0.36
2 69.8 66.2  5.15 12 80.0 78.1 2.30
3 83.3 81.3  2.40 13 8.6 84.0 2.94
4 86.7 86.3  0.46 14 8.5 81.9  0.49
5 80.1 82.4  2.87 15 73.3 69.7 4.91
6 68.3 67.6 1.02 16 67.2 68.4 1.79
7 83.2 &4.1 1.08 17 73.2  74.3 1.50
8 78.0 75.5 3.20 18 8.6 81.5 0.12
9 67.5 68.4 1.33 19 66.7 65.2 1.53
10 78.3 80.1 2.30 20 73.3 73.4 0.14
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Fig.7 Comparison of training results of BP neural

network model and expected output
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Tab.9 Test results of neural network

FEA s o) 4% i 14 AT iR22/ %
21 71.2 69.8 1.97
22 69. 8 68.8 1.43
23 83.3 76.7 7.92
24 86.7 84.8 2.19
25 80. 1 83.2 3.87
26 68.3 72.5 6.15
27 83.2 80.5 3.25
28 78.0 79.2 1.54
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§ 18
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e X
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Fig.8 Comparison of predicted value of BP neural

network model and expected output
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