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ABSTRACT: The difficulty in determining the parameters of NPID Double
Hyperbolic controller tends to apply an optimization technique. In this study
the optimization technique named as Particle Swarm Optimization (PSO)
technique is applied on the NPID Double Hyperbolic controller for XY Table
Ballscrew drive system. The inspiration of the PSO is based on the behavior of
bird flock in which all particles are placed at random position and supposed
to move randomly in a defined direction in the search space. Eventually, each
particle moves along the direction of its best previous positions to discover a
new better position with respect to some error measures. In addition, the PSO
technique is able to obtain the optimum parameters in order to produce a
better performance of a system based on an error function obtained from
tracking error. The PSO using NPID Double Hyperbolic controller scheme is
designed via MATLAB/Simulink software and the PSO is run for 10 times in
obtaining a better RMSE result. For future work, it is recommended to explore
the superiority features offered in another optimization for better judgment in
improving a better convergence of optimization process.

KEYWORDS: Machine Tools; NPID Double Hyperbolic Controller; Particle
Swarm Optimization
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1.0 INTRODUCTION

Recently, optimization techniques are widely uttered by many
researchers in the area of controller design. There are quite a number
of optimization techniques were introduced by researchers especially
for the purpose of obtaining optimum parameters of the controller
which affect the performance of the system [1-5]. One example of
optimization method is Particle Swarm Optimization (PSO) technique.
The PSO was established in 1995 in which the PSO technique was
successfully computerized using the bird flocking behavior [12].
Owing to this advantage, PSO technique was widely applied on the
controller design in obtaining the optimum parameters. For instance,
three different tuning methods namely Ziegler-Nicholas (ZN) method,
PSO, and Firefly Algorithm (FA) in obtaining the parameters of PID
controller as shown in [6]. The simulation results showed that the ZN
method produced smallest rise time, while the PSO produced better
transient response; smallest settling time, smallest overshoot and
smallest steady state error. These tuning methods were also evaluated
in term of absolute position error. The PSO produced smallest error of
0.4898, while the ZN and the FA produced error of 0.7000 and 0.5641,
respectively. Furthermore, Kumar et al. [7] proposed a cuckoo PID
controller for three different mathematical models of nonlinear systems
such as inverted pendulum, ship roll dynamics and Van der Pol
oscillator. The simulation with sinusoidal input for inverted pendulum
showed that cuckoo PID produced better performance compared to
PSO-PID controller.

After that, Tomera [8] applied an ant colony optimization (ACO) in
order to tune the PD controller for ship steering application by using
MATLAB/Simulink. This ACO searched a shortest path starting from
the ant’s nest to the food position. The number of ants, maximum
number of iterations, pheromone influence gain and indicator
describing the evaporation rate were determined as 10, 20, 3 and 0.05,
respectively. This ACO technique was compared to genetic algorithm
(GA). The performance index in term of integral absolute error (IAE)
showed that the ACO was assigned to reduce this error. The ACO
produced a faster converging to determine the PD parameter
compared to GA technique which both techniques were run for 10
times. This study concluded that the ACO was an effective technique
to tune the PD controller and useful for further complex optimization
problems. In a subsequent study, Ouyang and Pano [9] presented three
different types of tuning position domain PID parameter for 3-DOF
planar robotic manipulator. There are particle swarm optimizations
(PSO), differential evolution (DE) and genetic algorithm (GA); also

42 eISSN: 2289-8107 Special Issue AdManTi 2019



NPID Double Hyperbolic Controller with Particle Swarm Optimization (PSO) Technique for
XY Table Ballscrew Drive System

named as meta-heuristic optimization algorithms. These techniques
enabled in optimizing the gains of the controller based on these
algorithms as well as a good performance of the system for linear and
nonlinear contour under various fitness functions such as ISE, IAE, and
mean and standard deviation of absolute error (MSMAE). The results
showed that the PSO-ISE produces smallest linear contour error, while
DE-IAE produces smallest nonlinear contour error. Next, Sambariya et
al. [10] developed a new meta-heuristic, namely Firefly algorithm
(FFA) in order to optimize the PID parameter for standard single
machine infinite-bus (SMIB). This FFA was inspired from firefly
behavior in which they were attracted to a brighter light. The light
intensity of this FFA was proportional to the inverse of the fitness
value. This light intensity was reduced when the distance between the
two fireflies was increased. The performance indices used were
integral of the time-weighted absolute error (ITAE), integral square
error (ISE), and integral of the absolute error (IAE). This study found
that the FFA technique produced a more stable system compared to
Many Optimizing Liaisons (MOL) and Ant Bee Colony (ABC). The
reviews above showed that the optimization techniques were widely
applied on PID controller in obtaining the optimum PID parameters.

Furthermore, the reviews above on the optimization method in
obtaining the optimum parameters of PID controller showed that the
PID controller was still used nowadays due to simple design and better
performance. Owing to the simplicity design of PID controller, an
improvement controller namely nonlinear PID or can be called as NPID
controller was investigated in order to improve the PID’s performance.
In addition, the NPID controller successfully improved the
performance of various applications compared to the PID controller as
investigated by [24-26]. In recent years, the application of optimization
technique on NPID controller started to be investigated. For example,
Jin and Son [24] proposed a NPID controller based on tuning rules of
first-order plus time delay model and tuning rules of a genetic
algorithm. Regarding to the recent investigation on optimization
technique for NPID controller, this study proposed an application of
PSO - based NPID Double Hyperbolic controller. The NPID Double
Hyperbolic controller consisted of two nonlinear components as
adopted from previous work by Junoh et al. [11] for XY Table Ballscrew
drive system. The parameters of this controller were difficult to
determine due to the nonlinear gains consisted of five parameters and
these parameters cannot be assumed as zero value at every calculation.
Owing to this reason, the author proposes a PSO-NPID Double
Hyperbolic controller scheme to address this issue.
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2.0 METHODOLOGY

2.1 Experiment Setup

This study uses a XY Table Ballscrew drive system which is linked to a
personal computer, Digital and Analog converter (DAC/ADC) board
and amplifier board as illustrated in Figure 1. The personal computer
is equipped with MATLAB/Simulink and dSPACE software in
enabling to obtain a transfer function of the system which is used on
the control system in performing some work of simulation of PSO —
based NPID Double Hyperbolic controller scheme. The transfer
function is determined from the input and output system data. Itis also
determined as a second order transfer function that is described as a
mass-spring-damper system [11]. The detail of experimental setup and
transfer function of the system are already adopted from previous
work by Junoh et al. [11].

Computer DAC / ADC Amplifier Plant/ System

Figure 1: Four main components of experimental setup

2.2 PSO Algorithm

The PSO is an optimization technique which is inspired from behavior
of a flock of birds. The PSO technique is introduced by Eberhart and
Kennedy [12]. It starts with randomly movement of some particles at
certain position and velocity. The position and velocity of particles are
derived using MATLAB syntax in Equation (1) and Equation (2) such
as

AP(p,d) =IP(d) + (uP(d)-IP(d)) * rand() 1)
AV(p,d) =rand() (2)

where, AP(p,d) is particle position at particle and dimension, p is
particle, d is dimension, 1P(d) is dimension of lower limit of position,
Up(d) is dimension of upper limit of position, and AV(p,d) is particle
velocity at particle and dimension. These randomly particle’s position
and velocity will be updated towards the best position based on the
personal best position and the global best position. The detail
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knowledge of these position and velocity algorithm are disclosed by
many researchers such as [13-21]. The updated particle velocity and
particle position are derived in Equation (3) and Equation (4),
respectively. At that time, each particle produces the best value that is
saved at every iteration. This process is continued until the particles
find a target value with the best global value.

AV(p,d)=iw* AV(p,d) + c*rand()* (PeP(p,d) - AP(p,d)) +

s* rand()* (GP(i,d) - AP(p,d)) ®)

AP(p,d) = AP(p,d) + AV(p,d) 4)

where, iw is inertia weight ranged from 0.4 to 0.9, ¢ is cognitive
coefficient ranged from 1.4 to 1.9, s is social coefficient ranged from 1.4
to 1.9, PeP(p,d) is personal best position at particle and dimension,
GP(i,d) is global best position at iteration and dimension, rand1 and
rand2 are random numbers in the range, and i =1, 2, 3, 4,..., are the
number of iterations [27-29].

2.3 PSO Using NPID Double Hyperbolic Scheme

The NPID Double Hyperbolic controller scheme was adopted from
previous work in [11]. It consists of PID controller and two
mathematical hyperbolic functions; namely, nonlinear proportional,
NP, and nonlinear integral, NI of the controller. The PID controller
consists of three parameters, namely proportional gain (KP =1.12
V/mm), integral gain (KI =0.006 V.s-1/mm), and derivative gain (KD =
0.007 V.s/mm). In addition, the NP function is added before KP and the
NI function is added before KI. The NP function is designed by
increasing the NP value when the error is increased and by decreasing
the NP value when the error is decreased. Meanwhile, the NI function
is designed by increasing the NI value when the error is decreased and
by decreasing the NI value when the error is increased. The detail of
these functions is adopted from previous work [11]. These functions
includes five parameters in which the NP includes two parameters; f
and g, while the NI includes three parameters; m, q and r. These five
parameters are needed to be determined in order to improve the
tracking performance of the XY Table Ballscrew drive system.
Therefore, these parameters are determined with the best global value
of PSO algorithm in which the PSO code is written on the command
window of MATLAB, while the NPID Double Hyperbolic controller
scheme as shown in Figure 2 is designed on the Simulink/MATLAB
software. In order to link both code and controller, the PSO code is
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written as shown in Equation (5) to call the Simulink filename of NPID
Double Hyperbolic. After that, the error function is calculated to
update particles’” new position and velocity for each iteration of PSO
run. The error function is obtained from tracking error and written by
PSO code as calculated in Equation (6). The smallest error function
produces an optimum controller parameters.

sim('NPID_Double_Hyperbolic") (5)
result=open('Tracking_FError.mat’) (6)

To File

Up

O
PSO \E|—'l>‘

Nonlinear Proportional
N Proportional Gain Disturbance, d()

d

Reference +
Position

1/s
ur Actual

Ni ..
Integratory Position
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Integral Machine
-

o>

Derivative  perivative Gain

Feedback loop

Figure 2: PSO technique using NPID Double Hyperbolic controller

3.0 RESULTS AND DISCUSSION

In this case, 10 PSO runs are conducted to observe the optimum value
of nonlinear parameters of NPID Double Hyperbolic controller. Based
on previous researchers [3, 14, 18, 22-23], 10 until 30 PSO run should be
accomplished. Hence, the 10 PSO run is acceptable for this case. Next,
the 10 PSO runs with the best global value for five parameters of
nonlinear functions of the NPID Double Hyperbolic controller are
performed via simulation test. The simulation test for each PSO run is
conducted to demonstrate the validity of PSO — based NPID Double
Hyperbolic controller. The performance evaluation for these
simulations are conducted in term of Root Mean Square Error (RMSE)
for each PSO run. The smallest RMSE value indicates that the nonlinear
parameters produced the optimum values.
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In addition, the RMSE value is also influenced by cutting force effect.
This work uses a cutting force with spindle speed of 1500 rpm and this
cutting force is injected on the control scheme. The maximum value of
the cutting force is 24.86 Newton. The sinusoidal of input signal is used
at frequency of 0.2 Hz and amplitude of 15 mm. The cutting force and
input signal with a transfer function of XY table ball screw drive system
are injected on the NPID Double Hyperbolic controller as shown in
Figure 2 in Section 2.3.

The results of the 10 PSO runs for five parameters of nonlinear
functions of the NPID Double Hyperbolic controller are shown in
Figure 3 for the case of the NP and Figure 4 for the case of NI. The
results show that the value of g is obtained to be larger than the value
of f for the case of NP. Meanwhile, for the case of the NI, the value of
m is obtained to be much smaller than q and r. The optimum
parameters for each PSO run and RMSE result are tabulated in Table 1.
The result showed that the PSO run at 2 until 5 produced the smallest
RMSE value compared to the other PSO run. Figure 5 shows RMSE
result for 10 PSO runs and Figure 6 shows the error results of XY Table
Ballscrew drive system for 10 PSO runs.
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RMSE for 10 PSO Runs
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Figure 5: RMSE result for 10 PSO runs

Table 1: Nrand Niparameters for 10 PSO runs with RMSE result

Npr and N1 P t
II’{SO pand Nr Parameters RMSE (um)
un f g m q r
1 0.5000 1.5000 3.00e-5 0.0500 0.1000 1.63
2 0.6000 1.9000 5.00e-5 0.0500 0.2000 1.55
3 0.6403 1.5000 5.50e-5 0.0500 0.1000 1.55
4 0.6000 1.5000 5.50e-5 0.0500 0.1067 1.55
5 0.6658 1.5000 5.50e-5 0.0500 0.1000 1.55
6 0.5098 1.5000 3.00e-5 0.0500 0.1000 1.63
7 0.5821 1.8066 3.00e-5 0.0990 0.1000 1.63
8 0.5000 1.5033 4.00e-5 0.0400 0.2260 1.56
9 0.5000 1.5000 4.00e-5 0.0767 0.2286 1.56
10 0.5056 1.8372 4.00e-5 0.0400 0.2353 1.56
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Figure 6: Error results of XY table ballscrew drive system for 10 PSO runs
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4.0 CONCLUSION

In conclusion, this study emphasizes that the effectiveness of the
proposed PSO using NPID Double Hyperbolic controller to obtain the
parameters of the controller. The optimum parameters are expected to
improve the tracking performance of the machine tool. The advantage
of implementing the PSO technique for this controller is easily tuning
the parameters of the controller at optimum values by using the
MATLAB software. Thus, the PSO using NPID Double Hyperbolic
controller is successfully validated in which the PSO run at 2 until 5
produced the smallest RMSE value compared to the other PSO run. At
each PSO run, five parameters of nonlinear hyperbolic functions of the
controller are determined to achieve a better tracking performance of
XY Table Ballscrew drive system. The result from the 10 PSO runs show
that the nonlinear proportional for the parameter of g should be larger
than the value of f. Meanwhile, for the nonlinear integral, the
parameter m is obtained to be much smaller than parameter q and
parameter r. For future work, it is recommended to explore for another
optimization technique in order to improve the converging of
optimization process that minimize the time computations.
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