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Table 1  Deflection of an expressway section and the friction coefficient values

Ay 1989 1990 1991 1992 1993 1994 1995 1996 1997
Z5Y1/0. 01 mm 27.9 28.5 29.8 31.1 33.7 35.3 36.9 39.0 40.3
JEE 45 R A 49.0 48.4 46.7 45.3 43.2 41.8 39.9 38.7 37.2

F2 FEiSEQERERETIEERE GM(1,]1)EME
Table 2  Deflection and the friction coefficient
simulated values by GM(1,1)
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Table 3  Deflection and the friction coefficient

Z597/0. 01 mm [ESEX simulated values by GANN
o v "
.. GM(1,1 ) . GM(1,1 ) Z1/0.01 mm EEHE R EL
o g D e grg MDD e
B [UEIPRIEN P GM(1,1) GANN B GM(1,1) GANN
Z VN e e KPR e gy e Ly
1989 27.9 27.9 0 49 49 0 WU AEE i HEUE BRI
1990 28.5 28.27  0.23 48.4 48.48  -0.08 1991 29.8  29.89  29.81 46.7  46.72  46.72

1991  29.8 29. 89 -0.09 46.7 46.72 -0.02
1992 31.1 31.57 -0.47 45.3 45.02 0.28
1993 33.7 33.37 0.33 43.2 43.38 -0.18

MSE/mm
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Fig. 1 Map of deflection of neural network training process
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Fg. 2 Map of friction coefficient of neural network training process
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AT, IR A A e R 45 D7 ik A B A A AL
{EARBERLAL S GM (1, 1) Tk Ar T W i d i

1992 31.1 31.57 31.41 45.3 45.02 45.25
1993 33.7 33.37 33.39 43.2 43.38 43.37
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Fig. 3 Contrast prediction effect chart of deflection
GANN and GM (1,1)
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Fig. 4 Contrast prediction effect chart of coefficient of
friction GANN and GM (1,1)
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Table 4  Comparison of predicted deflection from 1994 to 1997
0.01 mm

TR 2 M 25 T

GM(1,1)HiR!

e prT— e
G AR B R
1994  35.3 35.28 0. 0567 35.38 -0.224
1995  36.9 37.31 -1.111 37.24 -0.925
1996 39 39.43 -1.103 39.23 -0.601
1997  40.3 40. 13 0.422 40. 15 0.377
%5 1994—1997 B R MFMERS 1t

Table 5 Comparison of predicted coefficient of friction

from 1994 to 1997
JRAB GM(1,1) B

RA P M T

e P S
G N B NI %
1994  41.8 42.2 -0.957 41. 81 -0.024
1995 39.9 40.9 -2.506 39. 87 0.075 2
1996 38.7 39.6 -2.326 38.52 0.465 1
1997 37.2 36. 1 2.957 36.90 0.806 5
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Asphalt pavement performance prediction model

based on hybrid artificial neural network

YU Jing-wei'?, FU Rui®, LI Xiong-wei’, WANG Xin-jun’
(1. College of Architacture, Southeast University, Nanjing 210096, China; 2. College of Civil Engineering and Archi-
tecture, Changzhou Institute of Technology, Changzhou 213002, China)

Abstract; The GM model has many advantages, with less calculation and easy operation. It needs neither larger
sample points nor better regulate distribution. While the BP neural network can feedback the corrected output
errors, it has the characteristics, such as parallel computation, distributed information storage, strong fault tol-
erance capability and learning adaptivity , et al. Thus a hybrid neural network prediction model is established,
with the advantages from both GM (1, 1) model and BP neural network model. It has been applied in test pre-
dictions with examples. The results showed that hybrid neural network model in forecast accuracy is better than
the traditional gray model. The model algorithm with advantages of clear concept, simple calculation, a higher
fitting and prediction accuracy, has good prospect of application.

Key words: asphalt pavement; performance; GM model; artificial neural network ; hybrid artificial neural net-

work model



