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ABSTRACT. Pressure tank stability control following the desired trajectories is a cru-
cial task in practical industrial applications. Most of the industrial applications use the
Programmable Logic Controller (PLC)-based Proportional Integral Derivative (PID) con-
troller. The PID controller has been widely applied for linear and non-linear systems due
to its simple structure. However, the parameters of the PID controllers are very difficult
to exactly define because of uncertainties and nonlinearities of the practical systems. This
paper proposes the PLC-based Recurrent Cerebellar Model Articulation Control System
(RCMACS) for the stable pressure control system of a tank. The proposed control sys-
tem consists of a Recurrent Cerebellar Model Articulation Controller (RCMAC) and a
compensator controller. The RCMAC is utilized to cope with uncertainties by learning
and the compensator controller aims to vanish the approximate error. The experimental
results were shown to prove the effectiveness of the proposed control system.
Keywords: Uncertainties, Pressure tank stability, Recurrent cerebellar model articula-
tion controller, Compensator controller, Programmable Logic Controller (PLC), Nonlin-
ear system

1. Introduction. Pressure stability for pneumatic or liquid systems is one of the most
important tasks in industrial applications [1,2]. However, the pressure liquid or pneumat-
ic systems are uncertainties due to dynamic perturbations and signal noises. Therefore,
the dynamic model of these systems cannot be exactly defined [3-6]. From the control
system designing point of view, model-based controllers cannot achieve good performance
under the effects of the uncertainties [7-9]. To cope with these problems, lots of advanced
controllers have been developed in recent years such as Particle Swarm Optimization
(PSO)-based PID [10,11], Fuzzy Logic Controllers (FLC) [12,13], Sliding Mode Control
(SMC) [14,15]. The above capable adaptation controllers can deal with changes in parame-
ters, nonlinearity, and disturbances. Selection of control parameters, however, encounters
difficulties such as initial weights and their boundary, fuzzy sets, and rules, chattering
phenomenon. Neural Network (NN) has been proved that it can approximate nonlinear
functions to arbitrary precision by learning [16,17]. Therefore, it was also utilized to cope
with the nonlinear systems. In recent years, Cerebellar Model Articulation Controller
(CMAC) and Recurrent Cerebellar Model Articulation Controller (RCMAC) were con-
sidered as a learning efficiency enhancement of NN in dealing with the uncertainties and
nonlinearities [18-20]. The superior properties of the RCMAC over the other controllers
and the stability of the PLC in the industrial environment were incorporated to form the
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PLC-based recurrent cerebellar model articulation control system for the pressure tank
stability system in this paper. Herein, the RCMAC is used to mimic the ideal controller
in case that there exist uncertainties to minimize the sliding error surface and a bound-
ary error estimation compensator controller was utilized to dispel the effects of external
disturbances and sensor noise for guaranteeing the stability of the system.

The paper is organized as follows. Section 2 describes the pressure water tank system
and the proposed control system. Section 3 describes the structure of the RCMAC,
learning rules, and the boundary error estimation compensator controller. Section 4
provides the experimental results and discussion, along with the conclusion and future
work in Section 5.

2. System Description. A structure of the pressure tank stability control system and
a photograph of the system are shown in Figure 1 and Figure 2, respectively. The system
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FIGURE 2. Photograph of PLC-based pressure tank stability control system
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consists of a Programmable Logic Controller (PLC), an Analog Input Module (AIM),
an Analog Output Module (AOM), a Digital Output Module (DOM), a pressure tank,
a Pressure Transmitter (PT), a pressure pump, an Allen-Bradley inverter controlled by
Analog Inputs (AI) and Digital Inputs (DI), and a water storage tank. The pressure in
the pressure tank was changed by adjusting pump speed that was driven by the inverter.
The RCMACS that was built in the PLC quantifies the process value in the pressure tank
and controls the inverter to achieve the desired pressure. All processes were performed
by the Allen-Bradley PLC in reality.

Due to the uncertainties, the dynamic equation of the pressure tank stability system
cannot be defined or measured exactly. Therefore, in this research, the dynamic of the
system was linearized by identifying tool of Matlab as follows [18]

ij(t) + 0.051§() + 0.001y(t) + UD(x) = 0.004u(t) (1)
where u(t) and y(t) are control signal and the pressure in the tank. UD(x) is lumped

uncertainties and linearization error. Equation (1) is rewritten as state equation form as

{ & = Fy(z) + Go(z)u + UD(x) (2)

y=x x=[273"]"
In the case of Fy(x), Go(z), and the uncertainties UD(x) are well-known, an ideal con-
troller was designed as follows [18-20]

wi = Gy (@) [jia — Fole) — UD(x) + Ké + Koe] (3)

Therein, K, K, are selected to the error dynamic equation é + K é + Kye = 0 satisfying
the Hurwitz criterion.

However, the uncertainties, UD(x) cannot be defined in the practical pressure water
tank system; thus, the ideal controller u; does not guarantee the stability of the system.
To deal with this problem, a proposed control system is depicted in Figure 3. In this
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F1GURE 3. The proposed pressure tank stability control system
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system, the recurrent cerebellar model articulation controller urcnac is combined with
a compensator controller ucc for the pressure water tank stability. Therein, the urcmac
is developed to mimic the ideal controller and the compensator controller is designed to
dispel efficiently the effects of the external disturbances and sensor noise to maintain the
pressure at the desired trajectories. The total proposed controller has the following form.

U = U; — URCMAC — UCC (4)

3. The Recurrent Cerebellar Model Articulation Controller (RCMAC). The
structure of the RCMAC is shown in Figure 4. This RCMAC is composed of input space
S, association memory space A, receptive field space R, weight memory space W, and
output spaces O as follows [18-22].
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FIGURE 4. Structure of the RCMAC
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The function value of each space in the RCMAC is described as below [20]

Syik(t) = si(t) + W ptin(t — 1) (5)
Mik(srik) = €Xp —%] (6)

bir, = HNik(STik) (7)

njg  ng n

0; = Z Z Wi, H thik (Srik) (8)

j=1 k=1 i=1
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3.1. The learning rules. The parameters of the controller are adjusted by learning of
the RCMAC to achieve good performances in the presence of the lumped uncertainties
UD(x). In this paper, sT$ is selected as an error function and the backpropagation
algorithm is utilized to adjust the parameters of the controller as follows [20].
0s's 0s''s 0sTs 0sTs

Aw = M Am = Mg Ao = alar Aw, = —noa—wr 9)
3.2. The estimation boundary error compensator controller. The RCMAC aims
to minimize error function through learning capability. However, there exists an approxi-
mate error due to the effects of the external disturbances and sensor noise. To cope with
this problem, an SMC-based estimation boundary error compensator controller can be
designed as below.

uco = Gy (z) Bsgn(s) (10)

Therein, B is error boundary and B is an estimation of B. In the practical pressure tank
system, the error boundary is very difficult to define exactly. Furthermore, selecting the
boundary error is a trade-off between output chattering phenomenon and convergence
error of the controller. Therefore, an adaptive boundary error rule is developed to meet
the requirements of performances in the sense of Lyapunov-like Lemma as follows [21].

A

B =g ||s|| (11)

4. Experimental Results. In this research, the experimental results of the RCMACS
were compared to the PID controller to show the effectiveness of the proposed control
system during operation.

The initial parameters of the RCMACS and PID controller were given as below

Nw = NMm = No = Nuwr =N = 0.001, npy =7, K1 =0.03, K5 =0.05
Kp =0.065, K; =0.0025, Kp = 0.0018

w=[-02 -02 —-03 —0.2 0.22 0.36 0.39 |

m=[-054 —03 —-0.16 —0.12 0.32 0.45 0.64 |
c=1032 031 026 0.27 0.29 0.36 0.36 |

r=[0.1 0.12 0.12 0.05 0.07 0.09 0.12 ]

In this study, the PID controller was used to control the system in advance. The
parameters of the PID were obtained by the trial-and-error method to achieve the tracking
responses as good as possible. From the experimental results in Figure 5, the PLC-
based recurrent cerebellar model articulation control system can achieve better control
performances than the PLC-based PID controller in tracking response, tracking error, and
control efforts. These results proved that the PLC-based cerebellar model articulation
control system can be applied for the practical non-linear systems.

5. Conclusion and Future Work. In this paper, the PLC-based RCMACS was pro-
posed to control the pressure tank system to achieve desired trajectories successfully in
reality. The proposed control system comprised the RCMAC and the compensator con-
troller. The parameters of the RCMAC were online turned, and the stability of the
system was proven in the Lyapunov-like Lemma sense. In addition, the effectiveness of
the proposed control system was verified by the experimental results in the presence of
the uncertainties, UD(x).

Obtained results proved the non-linear systems can be controlled by the modern pro-
grammable logic controllers. However, the robust criterion should be incorporated into
the RCMACS to guarantee the robustness of the system during operation.
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FI1GURE 5. The experimental results for the pressure tank stability system:
(a) tracking response, (b) tracking error, (c) control effort
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