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Abstract 

The control parameters optimization of the servosystem in 
parallel robots, which is the basis of the control system design 
of the robot, is very important. In this paper, the parameters 
optimization of the servosystem based on the genetic 
algorithm method is introduced. In the servosystem of parallel 
robots, a three-closed-loop PID control method is usually 
used. So the control parameters of the speed control loop and 
position control loop of the servosystem have great influence 
on the performance of the motor. To meet the requirement of 
the control system, a three-closed-loop PID control structure 
of the servosystem is designed according to the hardware 
system of the AC servo. With the time-domain performance 
and dynamic characteristic as the optimization targets, the 
control parameters of the speed control loop and position 
control loop are optimized. Comparing with the tuning result 
optimized by the traditional Ziegler-Nichols tuning laws, the 
results obtained by the GA method show better performance 
in the computer simulation of a parallel robot. Therefore, the 
GA method which is used in the optimization of the control 
parameters of the servosystem, has the advantages of simple 
calculation, fast tuning speed, good optimization result, and 
so on. 

1 Introduction 

PID control method is one of the earliest developed control 
strategies [1]. Because of its simple principle, easy 
application and strong robustness, PID control method is 
applied in various industrial processes. As one of the most 
widely used control methods, it has not been eliminated due 
to the emergence of various advanced control algorithms. On 
the contrary, this method still has a strong vitality in modern 
industrial production, because of its irreplaceable advantages 
and rich experience. 
 
In practical application of the PID method, different choices 
of the three control parameters Kp, Ti and Td affect the 
control performance. These years, engineers have 
accumulated a wealth experience of the PID parameter tuning. 

In 1942, Ziegler and Nichols [2] proposed a new empirical 
formula, named Ziegler-Nichols tuning rule, which is famous 
in the parameter tuning of the PID controller. In 1991, Hang 
[3] proposed an accurately adjusted Ziegler-Nichols tuning 
rule. In 1993, based on error integral index, Zhuang and 
Atherton [4] put forward a parameter optimization method of 
the PID controller. In 1999, O 'Dwyer [5, 6] listed hundreds 
of parameter tuning methods based on a FOLPD (first order 
lag and plus delay) model and a FOLIPD (first order lag and 
integrator plus delay) model. 
 
For the complex control system in modern industrial 
production, the setting of control parameters of the 
servosystem is more complex. The parameter turning rely on 
experience is not able to meet the design requirements. In 
recent years, some scholars put forward parameter tuning 
methods of the PID controller based on some mechanism or 
some control method [7]. Other scholars proposed parameter 
tuning methods based on a modern intelligent algorithm [8]. 
In 2007, Wang [9] optimized the control parameters of a PID 
controller used in the speed regulation system of a diesel 
engine. 

2 Mathematical model of motor servo control 
system 

As shown in fig. 1, the motor and the slider are the control 
objects of the servosystem. According to the physical law of 
the servo motor, the mathematical model of the controlled 
motor can be written as: 
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Where,  iu t is the input voltage of the motor armature, 

 i t is the current through the armature winding,  ae t is the 

counter electromotive force of the armature,  T t is the motor 
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output torque,  o t is the motor output angle, f is the 

friction coefficient by load torque, motor, roller screw and 
load equivalent. 
 

o

 
 
Fig 1: The mathematical model of the motor servo control 

system 
 
The other parameters of the PID control system are shown in 
Table 1. 
 
Parameter Comment Value Unit

Kpp 
The proportion coefficient of 

the position loop 
Undeter-

mined 
s-1 

Tip 
The integral time constant of 

the position loop 
undeter-
mined 

s 

Tdp 
The differential time 

constant of the position loop 
Undeter-

mined 
s 

Kpv 
The proportion coefficient of 

the velocity loop 
Undeter-

mined 
N m mi 

 

Tiv 
The integral time constant of 

the velocity loop 
Undeter-

mined 
s 

Kpi 
The proportion coefficient of 

the current loop 
84 

1V A
 

Tii 
The integral time constant of 

the current loop 
0.001 35 s 

Kt The motor torque constant 1.09 N m A 
 

Ke The back EMF constant 0.63 V s rad 
 

L 
The motor winding 

inductance 
0.012 H 

R 
The motor winding 

resistance 
8.65 Ohm

J 
The inertia of the motor and 

lead screw 
0.08 kg  m2

 
Table 1: The control parameters of the motor servosystem 
 
As shown in Eq. (1) to Eq. (4), the Laplace change of the 
mathematical model of motor control system can be written 
as 
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From Eq. (5), the model block diagram of the motor can be 
obtained as shown in fig. 2. Then the model diagram of the 
whole motor servo control system can be shown as fig. 3. 
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Fig 2: The model block diagram of the motor 

3 PID parameters optimization based on the 
GA method 

Considering the stability, accuracy and rapidity of the control 
system, a composite evaluation index is chose as the fitness 
function of the GA method. 
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       (6) 

 
Where (i=1, 2, 3, 4) is the weighted value which is 
determined by the effect of the control system,  e t is the 

error function, pt is the peak time, p is the overshoot, st is 

the adjustment time. 
 
From fig. 3, the transfer function of the current loop can be 
written as 
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Then the control model block diagram of the velocity loop 
can be shown as fig. 4. 
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Fig 4: The control model block diagram of the velocity loop 
 
Then the proportion coefficient and the integral time constant 
of the velocity loop can be got by using the traditional 
Ziegler-Nichols control law, such as Kpv=799.1, Tiv=0.000 
333. From the simulation results shown in fig.5, it can be 
found that the overshoot is close to 50%. Furthermore, the 
optimization by GA method of these two parameters is given, 
such as Kpv=32.9, Tiv =0.093. Then the simulation result of 
the step response curve of the velocity loop is shown in Fig. 6. 
 
From fig. 3, the transfer function of the position loop can be 
written as 

2
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Fig 5: The step response curve of the velocity loop after the 

tuning of Ziegler-Nichols law 
 

 
 
Fig 6: The step response curve of the velocity loop after the 

optimization of the GA method 
 
Then the control model block diagram of the position loop 
can be shown as fig. 7. 
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Fig 7: The control model block diagram of the position loop 
 
By the Ziegler-Nichols rule, the PID parameters of the 
position control loop are Kpp=19.2, Tpi=0.000 1, Tpv=0.000 
025. From the simulation result of the position control loop as 
shown in fig. 8, it can be found that, the control system has a 
large overshoot shock and long adjustment time. Then, the 
optimization by GA method of these three parameters is given, 
such as Kpp=8.42，Tpi=0.40，Tpd=0.05. Then the simulation 
of the position loop is shown in fig. 9. 

 

 
 
Fig 8. The step response curve of the position loop after the 

tuning of Ziegler-Nichols law 
 

 
 
Fig 9. The step response curve of the position loop after the 

optimization of the GA method 

4 The control simulation experiment of a 
parallel robot 

The tuning results of the speed control loop and the position 
control loop of the parallel robot servo system are obtained 
through the optimization of the previous sections. Further, the 
above parameters are added to the motion control model of 
the parallel machine tool, and the numerical simulation of the 
actual control effect of the machine tool is carried out in order 
to gain a more comprehensive understanding of the control 
effect of the optimized parameters. In the process of 
simulation, the moving platform is simulated with a high 
speed, which is a circular arc trajectory simulation. The 
simulation results are shown in fig. 10 and fig. 11. 
 
The simulation results shown in fig. 10 and fig. 11 show that 
the parameters of the position controller and speed controller 
obtained by genetic algorithm can meet the requirements of 
the high-speed operation of the parallel machine tool. 
Considering the dynamic characteristics of the parallel 
machine tool at high speed and the limitation of the PID 
control, the tracking error is very satisfactory. Therefore, the 
genetic algorithm is added to the PID parameter tuning, which 
is not only fast, but also ideal. 
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Fig 10. The simulation of circular arc motion of the parallel 

robot 
 

 
 
Fig 11. The tracking error of circular arc motion of the 

parallel robot 
 

5 Conclusions 

From the simulation results, it can be found that the PID 
control parameter optimization method based on GA has high 
efficiency, setting the optimization results to the advantages. 
For high-speed parallel robot, the control system often uses 

the traditional PID control. So the choice of the PID control 
parameters affects the upper dynamic control system. The 
PID control parameter optimization based on GA method can 
meet the requirements of the control system of the modern 
industrial equipment. 
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Fig 3: The model diagram of the whole motor servo control system 
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