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ABSTRACT: The objective of this article is the development and design of a supervision and
control HMI using SIMATIC WinCC Flexible software, relying on the optimal data applied to
the industrial process of the AFB system of FESTO. Using on the one side the simulation where
we will use the two simulators of Siemens: PLCSIM of the STEP7 SIMATIC Manger software
and RUNTIME of SIMATIC WinCC Flexible and on the other side by integrating the PID as a
technological object for the regulation of the level in the studied sub-station. Our contribution
consists of modeling, control and visualization of a real AFB system of FESTO located at the
Manufacturing Engineering Laboratory of Tlemcen MELT in University of Tlemcen, by using
an optimal database. The application of the supervision realized will permit us a visualization
and a real time diagnostic of the system.
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1

INTRODUCTION

The industrial environment considers that
industrial safety is a very important part with an
inseparable integrity of the industrial systems
control, such that it is not possible to consider an
implementation of industrial equipment without any
proof that ensures the desired operation. Therefore,
safety not only prevents failures causing material
and human damage but also guarantees the
continuation and stability of production, as well as
the survival of the industrial plant. Today, another
challenge is taken up when it comes to the
automation of process supervision using a Human
Machine Interfaces (HMI) as smart systems, that
offer a possibility to remote control and monitoring
of industrial automated systems. These provide
operators with special assistance in handling urgent
alarms, the aim of which to increase the process
operational safety and reliability. Nowadays
automation is used worldwide in various fields such
as gas industry, oil industry, power generation,
manufacturing units among others. For this,
SCADA supervisory control and data acquisition
are very essential for the supervision and control in
real time of these automated process systems.
SCADA systems have many advanced features,
such as distributed architecture, distributed
databases, modern and easy-to-use GUI interfaces,
intelligent RTUs (Remote Terminal Units) for
automatic supervision and autonomous remote

control, etc. They consist of collecting information,
transferring it to a central site, performing the
necessary controls and analyses, and then
displaying this data on operator screens (Agarwal
and Fatima, 2002; Rezai, Keshavarzi & Moravej,
2017).They
use
various
topologies
of
communication networks such as local networks
LAN, wireless networks Wi-Fi and even the WAN
(Internet), they are integrated into the information
management of companies in order to maximize the
efficiency towards the public service and to respond
quickly to the new business requirements of the
market (Sciacca & Block, 1995).
SCADA systems use several types of software,
among which we can mention the SIMATIC
WinCC software from Siemens, which is
considered one of the most powerful software for
the design of SCADA systems and HMI, allowing
to design more easily several types of elements of
the systems (sensors, actuators, control panels, etc.
....) in a way closer to the operator without being in
direct contact with the production systems.
In order to do data acquisition, supervision,
monitoring and real-time control of modern
production systems, SCADA systems have become
a necessity, they are found in various strategic
production sectors such as energy sector like oil,
gas and electricity industry, water sector like
desalting and purification plants, transportation
sector, manufacturing industries sector among
others (Herarsi & al., 2021).
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In the oil and gas industries, the very high
degree of automation due to the use of
programmable logic controllers for monitoring and
controlling the various operations in the oil and gas
fields in order to reduce operating costs and
decrease production downtime, the presence of
SCADA systems has become a necessity (Neeley &
Abshire, 1990; Prati, Farines & Queiroz, 2015). For
oil pipelines, SCADA systems give operators many
required and very useful software functions such as
leak detection, batch tracking, dynamic modeling,
emergency shutdown, etc. which help to improve
operator productivity (Trung, 1995). SCADA
systems are also very present in the control and
monitoring of oil refining processes from which all
the products we use in our daily life like gasoline,
diesel, kerosene, LPG etc. are derived (Morsi & ElDin, 2014).
Actually, the supervision and control of the
production industry are using the SCADA systems
widely, these systems are used also in distribution
and management of electrical energy, and by
electricity producers and transporters. They are
found in all kinds of electric power production, such
as that produced from renewable energies (Dumitru
& Gligor, 2012). For example, the electricity
produced from solar energy where it is necessary to
have either photovoltaic solar power plants or
thermodynamic solar power plants (Lakhoua,
2013), to make the control, the tracking and the
monitoring of these power plants it is necessary to
have very sophisticated systems such as the
SCADA systems (Eseye, Zhang & Zheng, 2018;
Korgaonkar & al., 2020). We can also mention the
electricity produced from wind turbines this type of
energy has an essential role in reducing global
carbon emissions. Because of the complex dynamic
nature of wind turbines and the difficult
environment in which they operate, monitoring the
power of wind turbines is very difficult for this
reason the combination of SCADA systems with
artificial intelligence has become crucial,
approaches applied to the analysis of SCADA
alarms can be used for the intelligent management
of wind farms, so with the help of recorded data, we
can make the prediction of the power of wind
turbines for the detection of anomalies in the
prediction of wind energy (Qiu, Feng & Infield,
2020; Lina, Liub & Collua, 2020). SCADA systems
are also used to diagnose wind turbine faults in
order to improve their operation, especially to
reduce the noise generated by poor wind turbines
(Alvarez & Ribaric, 2018). SCADA is also used for
energy management of buildings and skyscrapers in
order to minimize energy waste by controlling
ventilation, temperature, lighting systems as well as

elevators in order to achieve rational energy saving
for the reduction of greenhouse gas emissions
(Figueiredo, Costa & Da, 2012; Bocheng, 2012).
In the water treatment, purification, production,
desalination and management sector, SCADA
systems are very present and used by all the major
companies in the field, possibly in their purification,
pumping and pressurization stations. These
supervision systems allow them to acquire,
visualize and control all the data of the stations in
real time, in order to better manage the distribution
and quality of the water distributed to the customers
and to detect possible leaks or other problems in the
pipes (Gray & al., 2017).
SCADA is also widely used in the management
of modern transportation systems, it can be found in
railway transportation to supervise, control, protect
and guarantee the automatic and intelligent
operation of electric trains, subways and streetcars
(Giannopoulou, Papoutsidakis & Tseles, 2017), in
the control and visualization of cable transportation,
which is increasingly used as a means of
transportation in cities, such as cable cars (Garsous,
Suárez-Alemán & Serebrisky,2019), in mountains,
such as ski lifts, and in skyscrapers and tall
buildings, such as elevators and freight elevators
(Sehgal & Acharya, 2014; ShuangChang & al,.
2020).
In order to understand the theoretical concepts of
the operation of industrial plants and their
equipment, and also to train future technicians and
engineers in the industrial field, virtual industrial
plants are proposed to replace the very expensive
real equipment, these virtual plants are supervised
by SCADA systems in order to facilitate the
learning of supervision and monitoring tools of
industries and their real equipment (Rodríguez,
Guzmán & Castilla, 2016). SCADA systems are
also used in scientific research laboratories, in order
to make them more efficient and of course to secure
them against cyber-attacks which have become
more and more aggressive. Thus, the results
obtained by researchers are used to develop new
protocols and security measures (Vávra &
Hromada, 2016; Ferrag, Babaghayou & Yazici,
2020) The data generated by modern SCADA
systems are centralized and stored in databases, and
can be used to monitor the lifetime of industrial
equipment in order to plan regular predictive and
corrective maintenance activities
(Peharda,
Ivanković & Jaman, 2017). This data can be shared
and sent from the enterprise SCADA servers via
advanced computer and telecommunication
technologies and networks such as 4G, 5G or the
Internet (Medrano & al., 2018).
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SCADA and HMI supervisory, control and
command systems are also everywhere in the
modern and intelligent manufacturing industry,
which is an integral part of the industrial sector and
consists of the processing of raw materials and
goods, the manufacture of finished or semi-finished
products, the manufacture, maintenance and
installation of industrial tools, including the food
industry, electronics and information technology,
textiles and clothing, automotive, wood, paper,
furniture, among others. This type of industry now
called Industry 4.0 completely automated, robotized
and computerized makes the use of supervision
systems such as SCADA a necessity for the proper
functioning of these complex systems (Bonnard &
al., 2021).
Among the most powerful and widely used
SCADA supervision, control and data acquisition
tools, we have the SIMATIC WinCC software
developed by the Siemens company. It is used in
various production areas such as the food industry (
Sheng, Ji & Hua, 2018), the pharmaceutical
industry to monitor the reaction of pharmaceutical
products in real time (Wei, Zhenglian & Host,
2016), the oil and gas industry (Khuzyatov &
Valiev, 2020)., wastewater treatment plants,
pumping stations and water pressurization whose
purpose is to facilitate the task of control and
command to optimize the distribution of this
essential resource and improve its quality(Sita &
Fărcaş 2013; Morsi, El Deeb & El Zawawi, 2009).
It is also found in the field of automatic control of
tank systems in order to improve the process of
wastewater treatment and thus obtain a good
management of electrical energy for a good energy
efficiency (Wei & Tao, 2019).
In this paper, our work focuses on the
supervision of the filling station of the MPS PA 204
system which is part of the modern automated
production system AFB of FESTO brand, which
incorporates a PID technological object for level
control. A new approach is presented to develop a
database-based SCADA system with specified
optimal variables. For this purpose, we will present
a complete method of developing the HMI for the
filling station supervision of the AFB system with
the Siemens WinCC software. Using the two
simulators S7-PLCSIM of SIMATIC STEP7 and
RUNTIME of SIMATIC WinCC Flexible in order
to visualize the models obtained in simulation mode
and in real time.

2

MATERIALS AND METHODS

2.1 Description of the MPS PA 204
subsystem as part of the FESTO AFB
system
The MPS PA 204 subsystem of the FESTO AFB
system is an automated production system that
consists of two parts: The operating part (sensors,
actuators, etc.) and the control part (PLCs, HMIs).
The MPS PA 204 subsystem is a training and
research system.
Modern industries use so-called hybrid
automation, which is a technique that combines
manufacturing automation and process automation,
and is therefore a logical part of the general trend to
combine these two automation techniques in socalled hybrid industries. These are industries that
require systems and solutions for both process
control technology and manufacturing processes.
In the MPS PA 204 subsystem, which is part of
the FESTO AFB system, the liquid must be filtered
at the filter station. First, the liquid to be filtered
from the dirty water tank is fed to the filter via a
pump. The filtered liquid is then fed to the clean
water tank via a valve and then to the mixing station
via a pump. The latter elaborates different recipes
from 3 tanks. When the 2-way ball valve is opened,
a pump delivers the liquid from one of the 3 tanks
to the main tank with flow regulation. A second
pump delivers the prepared mixture to reactor
station which delivers and maintains the mixture at
a given temperature according to the chosen recipe
by adopting different temperature profiles and
different agitation times. The last pump conveys the
heated mixture to the filling station which puts the
liquid in bottles. These are transported by conveyors
to the filling station (AFB factory hybrid production
,2007).
The MPS PA 204 subsystem of the FESTO AFB
system consists of four stations:
● Filter station.
● Reactor station.
● Mixing station.
● Filling station.

Fig. 1 The MPS PA 204 sub-system stations from
FESTO AFB workshop.
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The means of communication used to connect
the different parts (operating part and control part)
of the FESTO AFB system are the cables: ASInterface, Profibus, SysLink and Profinet for the
direct connection between the PLCs and the
computers.

2.2 Filling station description
The filling station puts liquid into bottles. The
liquid is pumped from the tank into the dosing
tank. The bottles are transported by conveyors to
the filling station. A pneumatic separator separates
the bottles, which are then filled with a specific
amount of liquid according to the chosen recipe.

Pump control Passive
control
element

Sensors

Actuator

Capacitive
proximity

Pump

Control unit

Main tank

sensor

Dosing
distributor

Control /
regulation

Dosing tank

Ultrasonic
sensor

Conveyor

PLC Industrial Piping
controller

Reflective
sensor

Pneumatic
separator

Pump control

Float switch/
Photoelectric
barrier

2.4 The overall functioning of the filling
station
In this section we present the general operation
of the filling station of the MPS PA 204 system in
the FESTO AFB workshop in a scheme illustrated
in the following figure

Fig. 2 Simplified representation of the filling station
(FluidLab software).

In the following we will model the filling station
which contains 2 tanks, a pump, a controller (PID)
and an ultrasonic level sensor. The variable we want
to control is the level of the second tank B402
which we will call target tank. Before starting the
development of the human-machine interface of the
FESTO AFB filling station, we will determine all
the variables of the station and define their
addresses in order to study the SIMATIC STEP 7
program of the filling station. then deduce an
optimal database of the filling station with the
integration of a technological object of regulation.
Then we will develop a SCADA system represented
by an HMI via the SIMATIC WinCC Flexible
software using an optimal database. To verify the
functioning of the developed HMI, we will execute
several simulations using the S7-PLCSim simulator
of SIMATIC STEP7 and the Runtime simulator of
SIMATIC WinCC Flexible. [51,52,53,54].
Fig. 3 General operation of the filling station
(FluidLab software).

2.3 Filling station components
The filling station includes the following
components (See table 1)
Table 1. Filling station components

2.5 Mathematical modeling of the filling
station of the MPS PA 204 subsystem
The filling station system is modeled as follows:
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Differential equation:

The function of the Festo AFB filling station:

Fig. 4 Control block diagram of filling station.

With :
HC (t) : Desired water height in the tank
(setpoint).
Q(t) : Water flow input.
H(t) : Actual water height in the target tank
(B402).
PID : Proportional Integral Derivative
Controller.

The function of the FESTO AFB filling station
as a function of levels:

With:

The equations of the system are given as
follows:
Source tank B401: The source tank is used to
fill the target tank via a pump. Using the
equilibrium flow equation for the first tank (source
tank).

With:
Input flow rate into the source tank.
Output flow rate from the source tank
Input flow rate into the target tank.
: Output flow rate from the target tank.
: Level measurement i=1.
Valve coefficient.
Level of tank i =1.
Area of tank i =1..2.
Pump coefficient.

Pump: The pump speed can be adjusted by the
parameter α to fill the target tank B402. The
relationship between the pump supply voltage µ
and qe_2 the input flow to the target tank B402 is
given in the following equation

The valve for filling the bottles (target tank
output B402):

Derivative of the level.
: Sensor gain.
Valve section.
: Section of channel 1.
Parameters

Table 2. Parameters of the filling station
Description
Values

Source tank
section
Source tank width

S1

36100 mm²

L1

190 mm

Source tank depth

m

190 mm

Target tank
section

S2

15386 mm²

Level sensor:

Diameter of the
circular part

dr

140 mm

Control algorithm:

Diameter of the
conical part

dc

50 mm

Volume of liquid
in the bottle

vb

80 ml

The target tank filling valve (source tank output
flow B401):
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Target tank output
flow rate

qs2

0.0025 L/s

Input voltage

µ(t)

0-10 v (0-24 vcc)

P

50 kpa (0.5 bar)

Maximum
pressure
Filling station
power supply
Pump flow rate

24 vcc /4.5A
q

0-6 l/min

µ (t)

0-24 v

Pump gain

α

0-100%

Sensor gain

Kc

0-100%

Pump voltage

Ultrasonic level
sensor
measurement
range (target
tank)measurement
2.6
Operational
rangestation
(target tank)

physical address and the presentation of other
variables such as the Memento type variables:

500-150 mm

description of the filling

Before developing the human-machine interface
of the filling station, first we had studying STEP7
program of the station with level control and
second we had determining the addresses of the
program variables.
In the data acquisition part, we used two
possibilities:
● Creation of the variable mnemonic table
(Inputs/Outputs).
● Creation of a specific data block for the
filling system
2.6.1 FESTO AFB filling station data acquisition
The data acquisition task ensures error-free
transfer of data between the process and the
supervisory system, using several types of
communication protocols and transmission media.
Data acquisition means the transfer of data in
both directions, from the peripherals to the
computers but also in the opposite direction, in
order to be able to modify the values of the
operating variables so that the supervision system
can control the process.
The data acquisition is the main function
performed by SCADA systems, this will allow the
supervisory system to obtain all the information and
data to control and observe in real time the
evolution of the process.
2.6.2 Creation of the mnemonic table
In this table we are going to present the
different Input/Output variables (Sensors and
Actuator) that exist in this station with their

Fig. 5 Mnemonic table of the FESTO AFB filling
station.

Fig. 6 Mnemonic table of the FESTO AFB filling
station.

2.6.3 Creation of the database
These figures (Figure 7 and Figure 8) show the
data base of the FESTO AFB filling station at
standstill before loading, inputting the initial
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values of the input flow rate, output flow rate,
source and target tank levels.

Fig. 9 Database before loading the FESTO AFB filling
station.

Fig. 7 Mnemonic table of the FESTO AFB filling
station.

2.6.4 Discussion of the obtained results
From Figure 9 which presents the data during
loading of the filling station with a setpoint
command of 50%, we notice that:
● The data defined at the level of this figure
are well organized because for each
equipment or device we have a beginning
and an end of structure.
● The data acquisition is precise and specific
for the studied system.
● We can obtain a history of the data of the
studied system.
● We can have and save values even if the
system is being loaded.
● The addressing of variables is done
automatically, which eliminates any error or
addressing problem.
● The use of data is specific to the system
being studied.
● The variables can be observed in real time.

3
Fig. 8 Mnemonic table of the FESTO AFB filling
station.

In Figure 9 we show the database being loaded
from the FESTO AFB filling station with a setpoint
control of 50%.
In this part we will introduce the real time
database which represents a new approach to
present the data of the filling station in order to
facilitate the control of the FESTO AFB system
model

RESULTS AND DISCUSSIONS

3.1 The chosen parameters
From the database, the specific parameters
chosen for the FESTO AFB filling station are: tank
level, tank input/output flow, controller, valve status
and pump control.
Table 3. Selected parameters of the filling station
Selected parameters

Values corresponding

Source tank level
Target tank level

10L
3L

Pump control

0-100%

Target tank input flow rate
Target tank output flow rate
79
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3.2 The objective of this work
The main objective of this work is the
development of a specific and optimal humanmachine interface of the filling station of the
FESTO AFB system.
For this purpose, in the data acquisition phase,
the optimal parameters of the FESTO AFB system
were defined in order to introduce them into the
developed HMI.

3.3 Development of the HMI of the filling
station of the FESTO AFB system
TThe FESTO AFB system stations use Siemens
S7-314C-2PN/DP
PLCs
programmed
and
configured by SIMATIC Manager STEP7 V5.5
software. To develop the HMI of supervision, data
acquisition and control of the filling station, we will
use the SCADA software of Siemens, SIMATIC
WINCC Flexible. In this part, we will show and
explain the various stages of the creation of the
HMI as well as the simulations that we made by
using the simulators PLCSim of SIMATIC STEP7
and the simulator Runtime of SIMATIC WINCC
Flexible to check the operation of the developed
HMI.
The Industrial Ethernet network is the
communication protocol used to ensure the link and
the communication between the programmable
logic controller (PLC) and the human machine
interface (HMI) developed. In the interface we will
use cylindrical and conical tanks, a pump, digital
sensors, an analog sensor and a PID level controller
to represent the FESTO AFB filling station.

Fig. 11 Developed HMI of the FESTO AFB system
filling station in STOP mode.

Fig. 12 HMI of the FESTO AFB filling station in RUN
mode at start-up.

Figure 12 shows that at the start of the station's
RUN mode the source tank is 100% full, the pump
is activated since the source tank level exceeds 80%
and the target tank is empty.
In figure 13 we show the human machine
interface that monitors the filling station in RUN
mode. It is very clear that all sensors and actuators
are powered and the target tank level is at 80%
filling and following the 80% setpoint command.

Fig. 10 Developed HMI of the filling station of the
FESTO AFB system.

The figure 10 shows HMI of the filling station of
the FESTO AFB system that we have developed
with the SIMATIC WinCC Flexible software.
In figure 11 we present the HMI of the filling
station; we can clearly see that in the STOP mode
the source and target tanks are empty and all the
actuators and sensors are stopped.

Fig. 13 HMI of the FESTO AFB filling station in RUN
mode.
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Fig. 14 Level control of the target tank and source
tank.

From the graph in the previous figure, we can
see that the fill level of the target tank follows the
80% set point command exactly, which proves that
the PID controller is working very well.

3.4 Discussion and Interpretation
The FESTO AFB filling station human machine
interface was realized with SIMATIC WinCC
Flexible software, the obtained results are
implemented in a SCADA environment. After the
development of the HMI, we have making a phase
of experimentation on the model in real time to
validate the results obtained from the simulation, for
this we had using two methods of data acquisition:
the first one uses the mnemonic table of the
SIMATIC STEP7 program and the second one uses
the database of the filling station, the results and the
values obtained with the use of the database are
more precise and more authentic for the supervision
and the control of the operation of the filling station
of the FESTO AFB system. These results
demonstrate that the database-based supervision of
the FESTO AFB filling station has a very fast
control efficiency and response and gives the
advantage of generating history of the FESTO AFB
system that allows for more comprehensive
predictions, studies and forecasting of the system
behavior.

4

CONCLUDING REMARKS

Supervision function and method allows to
operators to have global vision and in real time by
controlling, monitoring and analyzing the sequences
of an automated process.
The realization of human-machine interfaces
(HMI) is one of the main tasks of supervisory
systems so that the operators can visualize all the
components of a system and thus ensure its proper
functioning. An effective HMI must provide to

operators a quick and cpmlete picture of all the
process to highlight the measurements, alarms,
operating status feedback, etc. SCADA systems are
the link between operators and engineers on one
side and modern systems on the other side in order
to make the right decisions for a better
management.
In this paper we have exposed the development
and the build of a human machine interface (HMI)
to supervise the filling station of the AFB system of
FESTO via WinCC Flexible software based on the
optimal and specific data of the database related to
the AFB system. This work allowed us to simulate
the system using the two simulators PLCSIM of
SIMATIC STEP7 and RUNTIME of SIMATIC
WinCC Flexible in order to visualize the real
behavior of the filling station of the AFB system
and thus to compare the states of the various
components of the latter with the states of the
components on the HMI developed in real time. The
results saved in the database can be used as a
history of the station in order to predict breakdowns
or maintenance of the latter and to predict possible
errorsor defects, which will ensure a good
management and proper functioning of this station.
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