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Abstract: The accuracy of PID control system is a little poor on Stewart platform, and
parameters adjustment of PID controller cannot be adjusted in real time online, by
combining the advantage of BP neural network, which is good self-learning, self-
adaptation, and it can approach any nonlinear system with arbitrary precision. The closed
loop error between directly measured output and desired value of system, and desired
length is chosen to be the input of controller ,in order to achieve self-tuning real-time
online of controller parameters for motion platform, improve the accuracy of control
system at the same time. The dynamic simulation model of flight simulator based PID
neural network is built and utilized to verify the reliability in Matlab/Simluink. The result
shows that the PID neural network control algorithm can achieve adaptive parameter
adjustment, and system error have dropped significantly after neural network training. It is
proved that the PIDNN controller can achieve self-tuning real-time online of the parameter,
and the system has good adaptability and robustness.

1. Introduction

At present, most of the motion platform of flight simulator have applied Stewart parallel motion
mechanisms, because it has advantages of the better security, large load capacity, accurate position,
no accumulation error and so on [1].Electro-hydraulic servo control system in Stewart platform has
been found to best meet the performance requirements for many years [2][3], by regularly
controlling the length of hydraulic cylinder in the Stewart platform, flight simulator can fully
replicate the actual movement, thus the Stewart platform is usually known as the six-degree-of-
freedom (6-DOF) motion platform. The performance requirement for 6-DOF motion platform in
terms of high accuracy, good adaptability and robustness have generated continuous challenges in
the field of motion control system, because 6-DOF motion platform is a time-varying nonlinear
process control multi-input/multi-output (MIMO) system[4][5]. In motion platform control
applications, proportional-integral-derivative (PID) control is widely used as a control method
because of its simple architecture, high stability and strong robustness [6]. However, 6-DOF motion
platform has demonstrated significant internal interaction, because each every hydraulic cylinder
need be driven by individual actuator arrangement. Engineers choose the method that trial and error
techniques are inadequate to derive a good compromise between controller performance and
robustness [7][8]. In addition,PID controller parameters need to be set offline and the adjustment
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process is complicated,and the calculation is large.These problems have been plaguing engineers,
resulting in high engineering cost, low efficiency, and poor control accuracy,in order to overcome
the problems, PID controllers that mixed neural network control [9][10], adaptive control [11],
fuzzy control [12] were presented to researchers. With advantages like the abilities of adaptive
learning, fault tolerance and generalization, artificial neural networks combines with PID control,
which is one of the popular methods used for complexes nonlinear control system in design and
application fields. Cong and Liang [13] studied the effect of learning rates based on PID-like neural
network adaptive controller (PIDNNC) for multivariable SIMO systems with uncertainty and
disturbance. The updating weights of PIDNN should take consideration of uncertain factors, such as
modeling error and external disturbance.

In this paper, flight simulator dynamics control system model is built in Matlab/Simulink based
on PIDNN. The method that PID control combines with BP neural network is utilized to deal with
this problems,and two typical control algorithm are implemented and compared to verify the
method.

2. Flight Simulator Control System

Firstly, the driver accepts the task and output the operating signal into flight simulator dynamics
model.With the limited worksapce of motion platform, it can not completely repuduce aircraft’s
moving,so washout algorithm can be applied in the motion simulator [14~16],the instantaneous
acceleration of aircraft is simulated to get the displacement in the high-pass acceleration channel,
including surge, sway and heave. The principle of tilt coordination in the tilt coordination channel is
used to simulate the continuous acceleration of aircarft. The angular displacement of motion
platform is washed out by the tilt coordination channel and the high-pass angular velocity channel
in the pitch, roll and yaw direction. Then displacement and angular displacement would obatin the
hydraulic cylinder length of 6-DOF motion platform by kinematics inverse solution. Finally, PID
controller achieve the closed loop control of the length change to control system steadily,the
structure is showed in figure 1.
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Figure 1 Flight simulator control system
3. Self-tuning PID Neural Networks

Since Rumelhart et al. proposed a multi-layer back propagation (BP) neural network, it has
become the most widely used artificial neural network model because of its self-organization, self-
learning, self-adaptation and the ability to approximate any nonlinear continuous function with
arbitrary precision [17]. The BP neural network usually includes an input layer, an intermediate
layer (hidden layer), and an output layer. Each layer has several neurons, and the layers are
completely connected with each other. The upper and lower neurons of the same layer are not
connected, and the hidden layer may be one or multilayer structure. There are a feedforward
propagation and an error back propagation signal response between the layers. Because the PID
controller parameters cannot be real time online adaptively adjusted in the flight simulator motion
control system, so that the system control accuracy is low. This paper proposes and establishes a
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PID neural network controller to control the motion platform. The model is shown in Figure 2.
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Figure 2 Structure of PID neural network

According to the strcture described above,the input of nodes in input layer ri(t) and
ei(t),(i=1,2...6),where vector r represents the desired displacement of the six hydraulic cylinders
stroke length, the output error of closed loop system is described by vector e. The weight value is
Wmi and wj; between input layer, hidden layer and output layer,respectively. Let the activation
function of the hidden layer and the output layer be an S-function f (x) = ¢(x) = 1/(1+€™),s0 the
output of the output layer are as follows:

ok o= 3 G ) )

=1

Where, vector kp, kjand kp are the input parameters of the PID controller, and the final output of
PID controller is

u(t) =k,e(t) +k vel(t) + k, (%) (2)

The system performance cost function is as follows, where i represents the amount of six
hydraulic cylinders:

EQ =220 =2>0O-y,®F ()

Without loss of generality,the rules of upating weigths are obtaibed by means of minimizing the
cost function E(t).Here,the method of gradient descent are adopted to get updating rules.The weight
values are updated from the output layer J to the hidden layer I:

OE(t : L
8wij((t)) - _(;en ®)-(v} (1)) )j'Vi ® (4)

The final rule of updating weigths from the hidden layer | to the input layer M, as shown in the
following formula 5:

OE(t d JECRR R . oo
W((i)}[;en(t)-(vj))]-fi(;wmi(t)xma»-wi,-(t)-xm(o (i=1234; j=123) (9

Where,, _ f_(iw ) and ZA:WijViI) represent the output of the hidden layer and output layer,

J
mi “*m ijgoj(.

respectively.so that (6) can commonly express the rule of updating weigths in the hidden layer and
output layer.

w(t +AT) = aw(t) + Aw(t) (6)

Where Aw (t)=-7-(0E/ow),in which «a is the momentum factor and 7 is the learning rate.
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4. Simulation model and simulation results

In [18],the paper builds the flight simulator control system model based on PID control,but the
PID control can achieve the goal tediously.By comparing,the dynamic verification model of flight
simulator is established in Matlab/Simulink in figure 3.The control system mainly splitted into four
components:washout algorithm,kinematics inverse solution,PIDNN controller and motion platform.
According to the classical washout algorithm, displacement and angular displacement are obtained
to adjust the attitude of Stewart mtion platform.The desired length variation and the length of six
hydraulic cylinders can be computed by the kinematic inverse solution, and they will be accepted as
the input parameters of BPNN and PID controller.Then, the actual length variation and velocity of

the stroke are measured by sensors in the cylinder of the motion platform. Parameters Kp , K, and

Kp of PID controller are real-time online adaptive adjusted by BP neural network, and the force
computed by PIDNN controller drives the electro-hydraulic servo system of motion
palatform.Finally,the PID-BPNN controller can continuously reduce the accumulated error during
the process of motion simulation, to precisely achieve the purpose that the dynamic fidelity of flight
simulator can be developed.
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Figure 3 Flight simulator control system model
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In order to ensure the accuracy of the flight simulation, acceleration of the surge direction is
selected, the acceleration and angular velocity are zero in other directions. The signal of input
simulation acceleration is shown in figure 4. The stroke length of the six hydraulic cylinders is
calculated by the classical washout algorithm and the kinematics inverse solution of the motion
platform. Figure 5 shows the desired stroke length variation. Comparatively, the BP neural network
that gradient descent method is used to train the parameters of the PID controller implements the
real-time online self-tuning of the PID parameters based BPNN control.
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Figure 4 simulation acceleration Figure 5 desired stroke length variation

In figure 6,dashed line represents PID controller system,solid line represnets PIDNN controller
system,the length variation error of the PIDNN algorithm is significantly lower than that of the PID
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algorithm. Duing to the initial weight value selection of the BP neural network , all of the initial
fluctuation of the length variation error is a little vibration at the beginning, but its margin can be
quickly reduced by the training of BP neural network,and the fluctuation of later margin is no more
than 10-7 after 0.1 seconds.it demonstrates that BPNN controller has superior adaptive performance
and the accuracy of control system has significantly improvement.As can be seen form figure 7, by
comparing the value of cost function E(t),PID algorithm sharply shocks in the early period and
gradually stabilizes in the position of 10-5 after 3 second.The experiment verifies that PIDNN can
effectively guaranteed system accuracy,and inherit the self-learning of BP neural network. The
adaptivity and robustness of PIDNN control system can achieve better effectness with the flight
simulator.
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Figure 6 PID and PIDNN length variation error
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Figure 7 Performance value of the system
5. Conclusion

The self-tuning PIDNN algorithm that PID control combines with the advantages of BP neural
network is proposed to solve the problems in this paper, which parameters of PID controller can’t
be adaptive adjusted in real time online, and the accuracy of PID control system is poor on Stewart
platform. The paper builds the closed loop dynamic control system of flight simulator by
PIDNN,the result is a proof that the method presented is not only effective for adaptive parameter
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adjustment and improves the control accuracy of system, but also effective for the process
robustness.
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