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Abstract—In the predictive control, it is often need to obtain 
the model which prediction accuracy is possible higher, 
however, in practice controlled objects are often exist non-
linear, parameter variation, model mismatch, disturbance and 
other factors, there is a big error between the controlled 
object-based prediction model and the actual output of the 
object. In this paper, using neural network to improve 
prediction model accuracy, at the same time feedback 
correction method is used to compensate for the lack of neural 
network prediction model, simulation results show that this 
method has better accuracy than conventional feedback 
correction.  
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I.  INTRODUCTION 
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Prediction model is only rough description of the 
dynamic characteristics of controlled object, actual 
controlled object often exist varies interference factors, there 
is a big error between model prediction and actual output. 
The inevitable model errors will definitely lower the control 
accuracy and robust performance of control system, may 
even lead to system instability [1]. Therefore, it is not only 
need to improve the accuracy of prediction model but also 
need to take additional necessary measures to supplement the 
lack of model predictions. 

According to this issue, introducing error prediction, the 
ideological of the multi-level added prediction is proposed 
based on error prediction supplement models.  In predictive 
control, the dynamics causal relationship described by 
predictive models can be reflected by model prediction, and 
uncertain factors which not included in prediction model can 
be described by error prediction, the introduction of 
prediction error can effectively compensate  the affect  which  
caused by some simplified or ignored factors in predictive 
control. 

 

I. COMMONLY USED FEEDBACK CORRECTION METHOD 

Prediction model has accuracy problem, in some extent 
feedback correction can overcome   the model error [2,3], 
calibration relations of recursive multi-step prediction output 
based on neural network shown in equation 1: 

c m( | ) ( | ) ( , , ), 1,2,y k i k y k i k NN i pϕ+ = + + = Y U  (1)             

Where Y , U are past control input values, NN is 
neural network model, p is the number of predict steps, 

c ( | )y k i k+  is output after corrected, m ( | )y k i k+  is 

direct output of neural network predict model, 
( , , )NNϕ Y U  is item of correction function, 

[ ( ), ( 1), ]y k y k= − Y  are past time output 

measurement values, [ ( ), ( 1), ]u k u k= − U  are past 

time input values. Obviously, the choice of ϕ  is crucial, 

which will affect the control performance. 
At present, the commonly used method of feedback 

correction is m( ) ( ) ( | 1)y k y k kϕ = − − , this part 

feedback correction represented as: 

c m m( | ) ( | ) ( ( ) ( | 1))y k i k y k i k y k y k k+ = + + − −  (2) 

Where ( )y k  represents the output measurement of 

time k , m ( | 1)y k k −  represents k  time predicted value 

based on 1k −  time. 

II. FEEDBACK CORRECTION METHOD BASED ON NEURAL 

NETWORK 

A. The Shortcomings of Common Feedback Correction 
Method 

From the above mentioned can be seen, regular feedback 
correction is used the previous time compensation error to 
correct predictive value. But in most cases, there is a big 

variation difference between ( )y k  and m ( | 1)y k k −
, it is 

difficult to accurately compensate for model error, it is 
necessary to find a new method of error compensation [4,5].  

B. Improved Feedback Correction Method 

Since the predictive control has been created, people 
have done a lot of research works about feedback correction, 
and also achieved some results. 
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a) The use of feedback filter for feedback correction of 
the DMC (Dynamic Matrix Control) algorithm, and DMC 
algorithm gives a simplified dynamic matrix model[6,7], and 
based on time series  error  prediction to rolling optimize 
system, has good control effect.  

b) GPC (the generalized predictive control) algorithm[8], 
using fuzzy reasoning method for the output error caused by 
environmental disturbances or model mismatch, proposed  
the integration of the two control strategies, obtained control 
the amount by the GPC algorithm, and  through  fuzzy 
reasoning get the  error step of control amount. 

c) Through an in-depth study for predictive functional 
control algorithm, using fuzzy reasoning method for possible 
model mismatch situation ,then find a fuzzy control volume 
as compensation volume, and compound added with 
predictive functional control to get  process control inputs 
volume, it is also an effective way[9,10]. 

There are other ways to improve forecasting, dynamic 
generalized method of combining the matrix, multiple 
feedback methods, cascade control, control weight, have 
been conducted in-depth research. 

C. Feedback Error Correction Method Based on Neural 
Network 

In this section, combination with neural network 
proposed a new compensation correction method based on 
general error compensation method, the calibration 
relationship shows as: 

c m m( | ) ( | ) ( , , ) 1,2,y k i k y k i k NN i pϕ+ = + + = Y Y          (3) 

Where c ( | )y k i k+
 is the output value after correct, 

m ( | )y k i k+
is the direct prediction output value of neural 

network model. m( , , )NNϕ Y Y
 is item of correction 

function, [ ( ), ( 1), ]y k y k= − Y  are past time output 

measurement values, m m m[ ( ), ( 1), ]y k y k= − Y
 are 

past time Predicted output values, p is the number of 
prediction steps. Use historical error information to construct 

neural network ϕ  about the error e , to complete the error 
compensation correction, making the predicted value closer 
to the actual value. This calibration relationship fully 
leverages neural network function approximation ability and 
generalization ability, since error correction is based on a 
collection of historical information, which can effectively 
prevent the impact of uncertainty, to maintain robustness of 
the system. 

Feedback compensation correction algorithms steps 
based on neural network are as follows: 

a) Using neural network prediction model to recursive 

the predictive value mY
for a future time. 

b) By actual output values of controlled object Y  and 

mY
 to structure a function of prediction error e which based 

on feedback neural network model, as the error correction 
term. 

c) Using actual predictive value E for the predictive 
control, derive Predictive control law, complete the 
predictive control. 

III. SIMULATION EXAMPLES 

A nonlinear discrete model used for simulation is shown 
as: 

2

( 1)
( ) ( 1)

1 ( 1)

y k
y k u k

y k

−= + −
+ −         (4) 

A. Expectation Is The Unit Step Signal 

When prediction step is 3, control field is 2, expectation 
is the unit step signal, and simulation results are shown in 
Fig.1 and Fig.2. Fig.1 shows simulation result of 
conventional feedback correction control, Fig.2 shows 
simulation result of feedback correction based on neural 
network. 
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Figure 1 simulation result of conventional feedback correction control 

In Fig.1 and Fig. 2, dy
 is system Expectation value, 

( )y k  is system Actual output value, ( )u k  is the control 
variable, compare two Figures can be seen that neural 
network error correction can reflect the trend of the error in 
general, feedback correction by the neural network can speed 
up response time. 
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Figure 2 simulation result of feedback correction based on neural network 

B. Expectation is The Square Wave Signal Which 
Amplitude Is 1. 

Prediction step is 3, control field is 2, and expectation is 
the square wave signal which amplitude is 1. Fig.3 shows 
simulation result of conventional feedback correction control, 
Fig.4 shows simulation result of feedback correction based 
on neural network. 

When the signal is mutated, neural network error 
correction can get faster and better compensation for the 
forecasting error. 

 

0 10 20 30 40 50 60 70 80
-1

-0.5

0

0.5

1

t/s

y d,
y(

k)

 

 
yd

y(k)

0 10 20 30 40 50 60 70 80
-0.5

0

0.5

t/s

u(
k)

 

Figure 3 simulation result of conventional feedback correction control 

0 10 20 30 40 50 60 70 80
-2

-1

0

1

2

t/s

y d,
y(

k)

 

yd

y(k)

0 10 20 30 40 50 60 70 80
-1

-0.5

0

0.5

1

t/s

u(
k)

 

Figure 4 simulation result of feedback correction based on neural network 

IV. CONCLUSION 

This paper focuses on neural network-based error 
feedback correction method, compared with the conventional 
error feedback correction; Feedback error correction based 
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on neural network can be more effective compensation 
model prediction error and improve the quality of control. 
The simulation study validates this point. 
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