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Abstract. Large-sized flexible structure is widely used in industrial production areas, such as 
aircrafts, automobiles, ships and so on. There will be dynamic deformation in working process which 
will affect the normal use of structure carrier. In addition, current deformation measurement methods 
have certain hysteresis, so the research on deformation prediction method must be carried out to 
forecast deformation trend. Firstly deformation mathematical model of large-sized structure based on 
mechanism is analyzed. Secondly the deformation trend time series model of large-sized structure is 
researched. Then the Radial-Basis Function (RBF) neural network is used to complete modeling and 
training process, to realize short-term deformation forecasting of large-sized structure. The 
simulation result show that the prediction error is limited within the range of 0.02' .  

Introduction 

Large-sized flexible structure is widely used in industrial production areas, such as aircrafts, 
automobiles, ships and so on. The detection of dynamic deformation in working process, is 
particularly important [1][2]. Dynamic deformation will affect the normal use of the structure carrier, 
therefore it is necessary to detect and predict the dynamic deformation angle, and gasp the trend of 
deformation in a short time [3]. With the development of real-time deformation measurement 
technology theory, there is more and more study on inertial device matching measurement 
technology. The dynamic deformation angle of large-sized flexible structure can be estimated by 
matching inertial parameters [4][5]. But inertial device matching technology have certain hysteresis, 
which cannot forecast deformation trend [6]. 

Because large-sized flexible structure’s deformation has the dynamic random characteristics of 
short changing cycle and uncertain changing trend, the linear model fitting prediction method has 
lower accuracy and the deformation prediction method has limitation. Radial-Basis Function (RBF) 
neural network can ignore the specific physical parameters in the process and system, and has the 
advantages of strong generalization ability [7][8].Therefore RBF neural network is used in this paper 
to establish large-sized structure’s deformation trend time series model, and realize short-term 
deformation forecasting of large-sized structure. 

Deformation Mathematic Model of Large-Sized Structure 

The deformation angle of large-sized structure can be divided into two kinds qualitatively: static 
deformation angle and dynamic deformation angle. Static deformation angle is not absolute constant, 
but its changing cycle is usually longer. So generally some structural mechanics methods can be used 
to model and compensate static deformation angle. While dynamic deformation angle, generated due 
to large-sized structure’s external force and change, has shorter changing cycle. In this paper, just the 
dynamic deformation prediction method is studied. 

Dynamic deformation has the random characteristics of short changing cycle and uncertain 
changing trend. In the current theory, dynamic deformation is usually considered as two-step Markov 

6th International Conference on Machinery, Materials, Environment, Biotechnology and Computer (MMEBC 2016) 

© 2016. The authors - Published by Atlantis Press 1758



 

process energized by white noise. Assume that dynamic deformation angle is (t)i ( , ,i x y z ), which 

is independent of other direction. Deformation rate is (t) (t)   . Then the dynamic deformation 

model can be expressed as: 
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Where,  i is the related time and 2.146 / i i , (t)i is white noise, 2 24 n i iQ is spectral density, 
2 i  is the variance of deformation angle. 
According to the empirical formula, the maximum longitudinal deformation deflection of 

large-sized flexible structure is related with longitudinal length: 

max / 500f L                                                                                                                                            (2) 
Where, L is the longitudinal length, maxf  is the maximum longitudinal deformation deflection. 

Assume that 10L m , then max 0.02f m . So the maximum deformation angle of A and B points is: 

3
max 0.02 / (10 / 2) 4 10 rad                                                                                                                (3) 

Where, max is the maximum deformation angle. 

 

Fig.1 The deformation deflection curve of large-sized flexible structure 
Suppose the longitudinal deformation deflection curve is a circular arc, the maximum deformation 

angle of any point can be calculated by ellipse fitting equation. The ellipse fitting equation of A-C-B 
arc is: 
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Assuming that K point is located at 1m, its maximum deformation angle is calculated: 

2
K max 1.96 10   rad                                                                                                                          (5) 

Deformation Prediction Method Of Large-Sized Structure Based on Time Series Model 

Time Series Model. The deformation mathematical model of large-sized flexible structure is shown 
in equation (1). The deformation, caused by the comprehend influence of various factors, has a 
random nonlinear relationship with time affected by the trend of certain factors. So according to the 
past changing trend, the deformation angle can be forecasted in a short period of time by 
mathematical statistics method, to realize short-term prediction of dynamic deformation. Therefore 
the time series model of large-sized flexible structure’ deformation is established: 

(t) ( (t 1), (t 2),..., (t N))        f                                                                                                  (6) 
Where, N  is the prediction period, (t)  is the deformation angle to be predicted,   is the 

prediction error, ( )f  is the prediction function. 
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Time Series Model Based On RBF Neural Network. Large-sized flexible structure’s dynamic 
deformation has the random characteristics of short changing cycle and uncertain changing trend, so 
linear model fitting prediction method has lower accuracy. Neural network method can ignore the 
specific physical parameters in the process or system, and establish the complex nonlinear mapping 
relationship between input and output by studying and training samples, which has the strong 
generalization ability. RBF neural network is a forward network with great performance. It can 
realize the best global approximation, its training is easy and quick, and there is no local optimum. 
The prediction of dynamic deformation can be realized by establishing the functional relationship 
between deformation angle to be predicted and former N moments’ deformation angles. 

The time series model based on RBF neural network is shown in Fig.2. 

(t)(t 2) 

(t )N 

(t 1) 

 

Fig.2 RBF neural network 
Where input vector is ( (t 1), (t 2),..., (t ))     x N , output vector is (t)y . 

Simulation and Verification 

Take the pitching deformation angle for example to simulate and verify the deformation prediction 
method, because the other two predictions’ regularities are the same. K point located at 1m is took as 
an example. The pitching deformation angle of 100 seconds in two-step Markov modelis produced, 
shown in Fig.3. 
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Fig.3 The pitching deformation angle of 100 seconds 
The pitching deformation angle data is used to established the time series model based on RBF 

neural network, between ( (t 1), (t 2), (t 3), (t 4))       x and (t)y . Where the prediction cycle 
is chosen as 4N , RBF neural network fitting error is 0.005. The former 40s data is used to train 
shown in Fig.4. While last 60s data is used to verify, and the test data is shown in Fig.5. 

1760



 

0 200 400 600 800 1000 1200 1400 1600 1800 2000
-15

-10

-5

0

5
Train data

Sampling point/0.01s

P
itc

hi
ng

 d
ef

or
m

at
io

n 
an

gl
e(

′)

 

 

True value

Resulting value

0 200 400 600 800 1000 1200 1400 1600 1800 2000
-0.2

0

0.2

0.4

0.6
Train data error

Sampling point/0.01s

P
itc

hi
ng

 d
ef

or
m

at
io

n 
an

gl
e(

′)

 
Fig.4 Training data and its error 
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Fig.5 Test data and its error 

As is shown in Fig.5, the deformation time series prediction method of large-sized flexible 
structure based on RBF neural network has a great prediction effect. This method can predict the 
dynamic deformation angle in a short period of time with high precision, with the error in the range of 
0.02' . 
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Conclusion 

First of all, deformation mathematical model of large-sized structure based on mechanism is analyzed 
in this paper. Second, the deformation trend time series model is studied. Then the Radial-Basis 
Function (RBF) neural network is used to complete modeling and training process, realizing 
short-term deformation forecasting of large-sized structure. The simulation results show that the 
prediction method has a great prediction effect, which can predict the dynamic deformation angle in a 
short period of time with high precision, with the error in the range of 0.02' . 
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