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ABSTRACT 
 

This paper presents a design of a neural controller for industrial level systems. The level process has an 
asymmetric dynamic and its control is not a simple process of performing. This work presents an advanced 
control technique using intelligent control with artificial neural networks. The proposal is to implement a 
network of multilayer perceptron with a PI controller for controlling a level system based on a SMAR® 
didactic plant with Hart protocol. The control strategy is implemented with Matlab®. This software makes 
a communication with the plant through OPC (OLE for process control). The project demonstrates the 
practical feasibility and applicability of intelligent tools industrial systems, thus generating a gain in 
experimental learning, commonly found in the labor market.   

Keywords: Hart Networks, Artificial Neural Networks, Process Control, Nonlinear systems, Industrial 
Networks. 

 
1 INTRODUCTION 
 

Nowadays, industries need more analysis and 
control of their processes in order to get better 
quality and speed, lower cost, and flaws. To assist 
in the design and analysis of the functioning of 
control systems, it is necessary to obtain their 
identification to apply a good control strategy to 
reduce uncertainty and improve the performance of 
a system. 

With the development of technology, one of the 
most widespread control and process automation is 
the Artificial Intelligence. Modeling of intelligent 
control look for to reduce uncertainty and to 
improve the performance of a closed-loop system 
[1]. 

There are some techniques of artificial intellige-
nce that can be inserted into the grid engineering to 
control processes such as neural networks, fuzzy 
logic, neural-fuzzy. 

Artificial neural networks are computational 
models inspired in the nervous system of living 
beings. It have the capability of acquiring and 
maintaining knowledge (based on information), and 

can be defined as a set of processing units, 
characterizeed by artificial neurons which are 
interconnected by a large number of interconnect-
ions (artificial synapses), the same being represent-
ed by vectors / matrices of synaptic weights [2]. 

Neural networks can be used to solve various 
problems related to engineering and science. The 
applicability of this technique is very broad and 
among them, there is a use for the control systems 
to the quality, safety and efficiency. 

More specifically, the most attractive feature of 
artificial neural networks is the capability of use it 
in many problems, like high skills in mapping 
nonlinear systems and learning the behaviors 
involved from the information (measurements, 
samples or patterns). 

To design the controller of a system level, it was 
used the SMAR® didactic plant with Foundation 
Fieldbus protocol. A didactic plant simulates 
processes commonly found in industry. It was used 
the software MATLAB® that performs the 
communication with the computer via OPC 
Protocol (OLE for Process Control). Through this 
communication, all commands given directly by the 
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software eliminating the use of PLC 
(Programmable Logic Controller), making it as 
slave equipment. The software MATLAB® will 
monitor and write values directly in the devices of 
the plant. 

The objective of this paper is to get the design of 
a neural PI controller for industrial level systems. Is 
used artificial neural networks to control a level 
system, which simulates industrial processes in 
smaller scale. 

This paper is divided as follows: The Section II 
describes the characteristics of the level system 
adopted; The Section III says about the two 
protocol of communication; The Section IV 
explains how this paper was developed, taking 
about the procedure of the experiments; The 
Section V shows some results produced; The 
Section VI presents the conclusion of the paper. 
 
2 SMAR® DIDACTIC PLANT 

 

The purpose of the SMAR® didactic plant 
(shown in Figure 1) is demonstrate didactically the 
implementation of control loops commonly found 
in industries.  
 

 

Fig. 1. SMAR® Didactic Plant operated by HART 
Protocol. 
 

The technology used for this demonstration is a 
plant with Foundation Fieldbus protocol. It consists 
of a workstation by PC type, which is connected to 
the didactic plant via TCP/IP. The Foundation 
Fieldbus Bridge does the interface between the 
Ethernet and field bus. This bus is connected to all 
continuous instruments, which are the pneumatic 
valve positioners, level, flow and temperature 
transmitters [3]. 

The level control is one of the most frequently 
found in the industry. On SMAR® plant, the level 
measurement is fair by differential transmitter 

(model LD 302), which is based on principles of 
hydrostatics [4]. 

The law of Conservation of Mass is used when it 
is operated in open loop to keep the tank level 
stabilized, which for a constant flow is necessary 
that the outflow is increased to match the input 
flow. In closed loop, the input flow is controlled by 
the control valve and the outlet flow is changed by 
a manual valve [3]. This process is illustrated below 
in Figure 2, which shows a block diagram of a 
control level loop. In Figure 3 is presented a 
schematic control level loop with some equipment: 

 

 

Fig. 2. Block diagram of a control level loop. 
 

 

Fig. 3. Schematic control level. 
 

The pump B1 to the tank T1 pumps the water 
from the tank TA. The water passes through the 
control valve FY-31, which the flow is measured 
through the flow meter FIT-31. 

The opening in the bottom of the tank simulates 
the water consumption and is made up through a 
manifold valve. 
 
3 HART AND OPC PROTOCOL 

 

The evolution of electronic sensors made those 
reach the category of microprocessor smart sensors, 
contributing to the insertion of the first digital 
signal in field instruments, HART (Highway 
Addressable Remote Transducer) [5]. 

The HART protocol is currently one of the most 
used protocols in level industries, such as 
interconnections of equipment in smart fields. It 
was created by Rosemount in the United States in 
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the middle of 1980s as a proprietary protocol, i.e., it 
was closed, where he later became an open standard 
protocol and has evolved since then [6]. 

Both the 4-20 mA analog and HART digital can 
be carried on the same bus. The 4-20 mA standard 
protocol was developed in 1972 in an attempt to 
standardize the industrial networks, which despite 
being old when compared to other standards, but 
they are still widely used [7]. 

A few decades ago, there was a big problem in 
the consistency protocol at the application layer for 
equipment and plant floor systems from different 
manufacturers and technologies [8]. 

From the fusion of several technologies, it was 
created the OPC protocol (OLE for Process 
Control) to solve the problem of the multiplicity of 
existing drivers and only catered to specific 
versions. From the OPC, a manufacturer of 
controllers and field instruments of all technologies 
always provide your equipment with an OPC server 
[9]. 

Those applications need only know how to look 
for data from the OPC server, bypassing the 
implementation of the device where the server 
needs to provide data in a single format, which 
actually makes the task of communication so much 
easier [8]. 

 
4 PROCEDURE OF THE EXPERIMENT 

 

It can be observed that the process has a non-
linear asymmetrical dynamic, in other words, the 
system response (made by a unit step input) has 
rapid growth and slow early region near steady 
state. Thus, a neural PI (Proportional and Integral) 
controller is designed to act on the water valve 
plant, in order to maintain the predetermined level. 

Since the system has high complexity and its 
structure is unknown, its analysis has limited 
relationships between input and output values. In 
theory systems, they are called of black box and the 
most common learning algorithm is neural network, 
often developed in backpropagation version. For 
this project, it was used the Levenberg-Marquardt 
method. It is based on the delta rule, where the 
adjustments of weights are made using the gradient 
method. The activation function of the logistics 
network was chosen because of its features [10]. 

A neural network is trained to classify the plant 
behavior, where the synaptic weights are adjusted 
according to the data presented. 

  The next step is to select a neural network 
model. One of the most used families to define non-
linear models are perceptrons multi-layers. 

It is important to specify the number of hidden 
layers and the number of neurons in the network. 

With two hidden layers is possible to approximate 
any mathematical function and further classifying 
patterns which are in any kind of geometric regions 
[11]. 

The controller will be included in the proportional 
and integral control, so two neural networks were 
implemented. One network was used to represent 
the proportional error between a reference and the 
results and another to respond to the integral of the 
error [12]. 

A pattern vector is generated and it is assumed to 
represent the error between a reference and the 
actual output of the plant where an answer is 
obtained damped sine, which is typical of the 
behavior of plants where the controller will be 
implemented [9]. 

The software MATLAB® was used for the 
implementation and training of network as well as 
direct control via OPC toolbox. The Figure 4 shows 
the block diagram of the experiment operation. 

 

 
Fig. 4. Communication system - MATLAB®/Neural 
Controller versus Didactic Plant. 
 

In this network training as a controller, it was 
used a damped sinusoid as vector training for 
proportional gain and the gradient of this training to 
obtain the integral action as  presented below in 
Figure 5: 

 

 
Fig. 5. Training signal of a sinusoid for the neural 
network. 
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As it can be seen in Fig. 5, the oscillations are 
gradually damped in each cycle, which in fact leads 
to neural network to generate synaptic weights 
geared to perform the same aspect of response 
when exposed to situations in the real operating 
situations. 

Then, two types of networks feed forward are 
created [12]. The two networks were configured 
with ten neurons in the hidden layer and one neuron 
in the output one. The values for the network input 
is in percentage, taking care the actuator in control 
(valve of water opening the plant you want to get 
control of tank level). As learning function, it was 
used backpropagation, as performance factor, it was 
chosen the mean squared error. The Figure 6 shows 
that network developed in Simulink/MATLAB®: 

 

 

 

 
Fig. 6. A) Control loop made up in Simulink; B) Layer 1; 
C) Layer 2.  
 

The networks are initialized to be trained later. 
It’s set the training period for a certain amount of 
epochs and the value of the mean squared error 
desired. 

After training, simulations are made up to verify 
that the networks learned the system behavior. 

Tests are performed on the networks in order to 
observe their performance as controllers. Thus, one 
should choose an arbitrary training function to 
simulate the network capacity for integrated and 
proportional control [12]. 

The last part is to realize some trials for variations 
in the valve opening to plot the results in 
proportional and integral gains. Both these gains 
are variable, and the scaling can be performed in a 
manner which provides the desired response. 

However, some aspects of the control loop were 
 

inserted for some comparisons can be done. Among 
them, the most significant technique is the use of 
anti reset windup, which is meant to mitigate the 
effect of the integral action when saturation in the 
physical system occurs. To describe it, a block 
diagram is presented in Figure 7 showing this 
topology: 

 

Fig. 7. Block diagram which represents the anti reset 
windup technique. 

 
5 RESULTS 

Based on robustness and versatility, this method 
(neural PI controller) is meant to facilitate the 
understanding of various aspects. 

For the experiments presented in this paper, the 
system, which is being controlled, has dynamic 
similar of the presented below in Figure 8: 

 

 
Fig. 8. Dynamic of the level system to be controlled with 

a specific opennig of the control valve. 
 

For this test made in Fig. 8, the manifold valve 
was set for one specific flow. If it is changed, this 
dynamic response changes as well. 

To compare the responses, a traditional technique 
was already implemented at the same didactic 
system, for example, the Haalman PI controller. For 
the same aspect of response, it’s shown below in 
Fig. 9 the results of this controller adopting SP (Set 
Point) of 40% [13]. 
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Fig. 9. Dynamic of the level system to be controlled with a 
specific opennig of the control valve.  

 
Then, taking the same characteristics as taken in 

Fig. 9, three different situations of gains and SP 
were adopted, resulting the Figures 10, 11 and 12, 
according to Table 1 shown below: 

 
Table: 1 Simulation data per Figure 

Fi
gure 

Simulation Data 
Proporti

onal Gain 
Integral 

Gain 
Set 

Point (SP) 

9 5 1 50 

10 10 1 27 

11 10 1 50 

 

 

Fig. 10. Control action (Left); Response time (Right). 
 

 

Fig. 11. Control action (Left); Response time (Right). 
 

  
 

Fig. 12. Control action (Left); Response time (Right). 

As it can be understood in Figure 10, the system 
displays the performance of the temporal response 
of the neural PI controller, which has no one 
overshoot for the parameters inserted. 

For Figure 10, the system shows oscillations 
through the set point, which leads us to conclude 
that the gains should be adjusted to improve the 
results. 

In Figure 11, using the same gains of Fig. 10, just 
changing the set point of the system, it can be seen 
that the oscillations are virtually nil, within 
acceptable. 

The control action printed of the system (in 
Figure 11) showed more aggressive if compared to 
other ones, this is due to the fact that larger gains 
and set point. 
 
6 CONCLUSIONS  

 
After the application of this technique (neural 

proportional and integral controller) which 
simulates the actual level process (so much found 
in industry), it can be noted that some advantages 
of using artificial intelligence techniques to control 
level systems. 

Currently, these tools such as artificial neural 
networks represent much knowledge in the area of 
intelligent systems for its wide applicability in 
many areas. From the study and application of 
control real nonlinear system, it can be affirmed 
that efficiency and accuracy of understand the 
system behavior and verify the existence of options 
in control strategies that can be attractive 
alternatives if compared to conventional control 
loops. 

The experiments of real systems using artificial 
neural networks show that this practice can be used 
in learning, assisting in the training of professionals 
and optimizing systems levels seeking 
improvements in the industrial production.  
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