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Abstract— The paper presents a system of automatic 
monitoring and control of a pumping station along the 
embankment of the Sava River in the area of the city of 
Srbac. The system is controlled by a PLC (Programmable 
Logic Controller) from the Siemens SIMATIC S7-1200 
series, visualization and control is realized through an 
operator panel (HMI). from the SIMATIC KTP700 series. 
The mentioned system includes management of all executive 
elements of the process (pump motors, grates, rakes, water 
gates, etc.) and monitoring through feedback signals from 
sensors (ultrasonic level sensors, pressure transmitters, 
etc.).  
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I. INTRODUCTION  

Automation is the driving force behind modern 
technological progress. People always strive for an easier and 
more efficient way to handle the appropriate equipment and 
process. Technology is growing rapidly and so are the 
challenges of using it effectively. Much modern equipment 
requires highly skilled, knowledgeable operators to operate 
properly. Because we want machines, processes and their 
control to be easy to use, easy to read, understand, calculate and 
manipulate. Operator panels as part of the process provide 
mutual interaction between humans and HMI (Human Machine 
Interface) machines. They play an important role in the field of 
industrial automation, and can be found in almost every factory. 
In addition to industrial automation, operator panels can also be 
found in other industrial areas and sectors, they are usually 
installed close to the automation process itself in the work area 
and aim to translate the signals coming from the PLC into 
graphical signals that are easier to understand 

This paper describes in detail an automation process that 
includes the management and supervision of a system of pumps 
distributed along the Sava river basin in the area of the town of 
Srbac. During high water levels in 2009, 2010 and May 2014. 
Republika Srpska suffered great damage due to an 
underdeveloped flood prevention system. The Ministry of 
Agriculture, Forestry and Water Management, in coordination 
with the Ministry of Finance, the Ministry of Public 
Administration and Local Self-Government in the Republic of 
Srpska, with the help of European Investment Bank (EIB) 
consultants, identified 134 urgent and short-term rehabilitation 
measures[11].

One of the defined measures is a system of automatic monitoring 
and management of pumping stations along the river 
embankment. The designed automation systems presented in the 
paper consist of a Siemens PLC (Programmable Logic 
Controller) from the SIMATIC S7-1200 series and an HMI 
device operator panel from the SIMATIC KTP700 series.  

II. PROGRAMMABLE LOGIC CONTROLLER 

Programmable logic controllers are small digital computers 
used in modern control applications, they support M2M 
communication based on predefined programming functions. 
PLCs are one of the most important components of today's 
advanced control and automation systems. They are flexible for 
programming according to user needs and are capable of 
generating signals that can control machines and processes in 
the industry. They were introduced to replace previously used 
relay control systems that had expensive electrical/electronic 
control circuits that offered limited utility and less flexibility. 

According to the definition given in the IEC 61131-1 
standard, a PLC is a digital electronic device designed for use 
in an industrial environment that uses a programmable memory 
for internal storage of user programs. These user programs 
implement specific functions such as logic functions, 
sequencing, time delays, counting and arithmetic operations in 
order for the PLC to control different types of machines or 
processes through digital or analog input and output modules 
[3]. 

A. Hardware organization 

Programmable logic controllers contain all the elements of a 
standard digital computer architecture, Figure 1 below. 

 

 
Fig. 1: General structure of PLC [8] 
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The main hardware components of a programmable logic 

controller (PLC) are as follows: 

• Power supply – can be an external unit or internal to the 

PLC. 

• Input modules - can be analog or digital. 

• Output modules - can be analog or digital. 

• CPU – The central processing unit can be a uniprocessor 

or multiprocessor unit. 

- Memory - can be fixed or variable. 

- microprocessor – performs the functions of the 

operating system and the user program. 

- communications – connection and communication 

with other devices or stations for programming. 

• Housing (Rack) - Guarantees both mechanical and 

electrical connection of various internal modules and 

protection from the external environment. 

 

B. S7 1200 PLC 

The S7-1200 PLC is the latest generation PLCs from 
Siemens. It can be said that it is the successor of the previous 
series of PLCs, S7-300 and S7-400, which are still predicted to 
be an integral part of automation systems in the coming years. 
In terms of features, the S7-1200 is currently one of the fastest 
PLCs available on the market. It has advanced technological 
features, such as PROFINET communication, integrated 
security and system diagnostics, etc. The TIA portal is used for 
programming the S7-1200 series and represents the latest 
software for the configuration and programming of all Siemens 
industrial process automation components. 

For the automation project described in this work, a PLC S7 
1200 series was used, with a CPU module of the type 
CPU1214C DC/DC/RLY.[10]. 

III. TIA PORTAL SOFTWARE PACKAGE 

TIA Portal (Totally Integrated Automation Portal) is the 
latest automation software from Siemens. It is a software with 
a single engineering and software environment for all the 
necessary tasks of a complete automation process. The previous 
generation of software (Step7, WinCC Flexible, WinCC 
explorer, etc.) that had to be used separately for different tasks 
has been integrated into one software. 

The software package is designed to provide maximum ease 
of use and maximum engineering efficiency. The software 
package enables a complete programming flow from hardware 
configuration selection, programming to visualization and 
simulation. 

A. Hardware configuration 

On the first page of the program, a selection of different types 
of hardware and devices is made. In the part of the device 
selection window, you can select any PLC hardware, HMI 
hardware, VFD hardware or create a PC station for the SCADA 
system. All compatible hardware versions that can be selected in 
the specified software package are listed, Figure 3. 

 

Fig. 3  TIA portal first page hardware selection 

B. PLC programing TIA portal 

The Siemens environment is pre-defined for symbolic 
programming, and all the programming languages for 
programming PLC devices in the TIA portal random 
environment are defined according to the IEC 61131-3 standard 
[13]: 

• Instruction Lists AWL/STL (according to standard IEC 

61131-3 "AWL/IL"), 

• Lederer diagram KOP/LAD (according to standard IEC 

61131-3 "KOP/LD"),  

• Function block diagram FUP/FBD (according to standard 

IEC 61131-3 "FUP/FBD"),  

• Structured Control Language SCL (according to standard 

IEC 61131-3 "ST"),  

• S7-GRAPH (according to standard IEC 61131-3 

“AS/SFC"). 

 
 

 

Fig. 2.  S7 1200 PLC  and TIA portal environment [12]
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In Siemens applications, “Structured Text” (ST) is called 

“Structured Control Language” (SCL). SCL is a high-level 

textual language that is easy to understand, and offers many 

advantages over traditional programming using Leder 

diagrams. SCL provides the engineer with an environment that 

is more like a computer language. The TIA Portal provides an 

SCL editor that is used to construct logic and frame program 

commands. In the project presented in this paper, SCL was used 

as the programming language for PLC devices. 

When talking about PLC programming, there are several 

terms called blocks. Blocks are used to structure the code and 

make it clearer and more transparent. The TIA portal organizes 

the code according to the following blocks: 

• Organizational blocks (OB), 

• Functional blocks (FB), 

• Functions (FC), 

• Data blocks (DB). 

 

Fig. 4  TIA portal code organization [4] 

C. PLC tags 

A tag is a name assigned to the physical address of the 

device/PLC. It is also called "variable" or "symbol" depending 

on the manufacturer of the device/PLC. Tags are configured 

using the configuration tool on the device/PLC, in the case of 

Siemens devices it is STEP7 or TIA Portal. Process tags in the 

PLC represent variables that represent the global hardware 

resources of the PLC. This includes inputs, outputs and M-

memory. These are variables that are directly involved in the 

system management and monitoring process itself. They 

represent, for example, various sensors in the field of 

digital/analog processes, state contacts of the apparatus, which 

represent the real image of the controlled system. 

IV. WINCC TIA PORTAL 

WinCC (TIA Portal) is part of a new integrated engineering 

package that offers a consistent environment for programming 

and configuring applications and equipment in the field of 

human-machine interaction (HMI). With WinCC, the 

programmer can create a connection between the operator and 

the process equipment, including visualization, process control, 

alarm display, archiving of process values and alarm history, 

and management of process or machine variables. 

WinCC (TIA Portal) is the software for all HMI 

applications, ranging from the simplest operating solutions with 

basic panels to SCADA applications on multi-user PC-based 

systems. SIMATIC WinCC (TIA Portal) engineering software 

is available in the versions WinCC Basic, WinCC Comfort, 

WinCC Advanced and WinCC Professional. WinCC Advanced 

and WinCC Professional are also available as separate software 

packages. 

 

A. Working environment WinCC TIA Portal 

The working environment in the WinCC software package 

consists of several parts. 

 

Fig. 5 WinCC TIA portal work area 

Some parts of the desktop are not visible until the 

corresponding functionality is activated. The basic elements of 

the WinCC Flexible TIA Portal workspace are: 

1. Work area, 

2. Project tree, 

3. Property view, 

4. Troolbox, 

5. Library. 

 

B. Communication PLC – HMI Panel 

The physical and logical connection of the controller with 

the corresponding device for graphic display (HMI) is 

configured in the "Device configuration" section of the window 

and in the "Connections" section of the window. 

 

Fig. 6 TIA Portal connection settings window  

In the specified parts of the window, the address of the 

device and the corresponding protocols for communication are 

defined. 

C. Creating screens and displays 

One of the tools in the WinCC programming environment 

is the "screen editor" for configuring user screens. User screens 

are used to visualize, monitor and control industrial plants or 

processes. In order to graphically represent the desired industrial 

process/machine on the screen of the HMI device, it is necessary 

to add appropriate graphic objects. These graphical objects are 

configured according to the requirements of the industrial 
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process/machine which is being monitored or controlled. The 

user screen can consist of static and dynamic graphical objects. 

The Toolbox contains a selection of simple and complex objects 

that can be added to the user's screen, such as graphic objects 

or work elements. 

D. Alarms 

Alarms can be defined by users or system devices (HMI 

device or PLC). With user-defined alarms, the user himself 

configures the alarms in order to display unusual process states 

and create reports on the status of process variables on the HMI 

device. The alarm method recognizes the type of information 

that activates the alarm and thus the alarm properties. The 

WinCC (TIA) software package supports the following alarm 

procedures: 

• Discrete alarm procedure:  HMI device activates an 

alarm if a certain bit is set in a memory field of the PLC. 

This type of alarm is configured in the WinCC (TIA) 

software package, 

• Analog alarm procedure:  HMI device activates an alarm 

if the tag value is outside the set limit values. This type of 

alarm can also be configured in the WinCC (TIA) 

software package. 

Alarms indicating critical, hazardous operations or process 

conditions may require the plant operator to acknowledge the 

alarm. 

V. SYSTEM OF AUTOMATIC MANAGEMENT OF PUMPING STATIONS 

ALONG THE SAVA RIVER 

 

This paper describes the automation process that includes 
supervisory control and data acquisition of a system of pumps 
distributed along the Sava river basin in the area of the city 
Srbac. The Matura pumping station, located on the embankment 
of the Sava River near Srbac, is shown, and the development of 
the automatic monitoring and control system of the pumping 
station is described in detail.  

A. System description 

System management is realized using a local SCADA 
system for management and supervision, which consists of a PC 
station, a PLC and an HMI device. The system includes 
management of all executive elements of the system (motors of 
pumps, grids, rakes, watergate, etc.) and monitoring through 
feedback signals. 

The local system enables the following functionalities in 

terms of management and monitoring: 

• Enables seamless switching between manual and 

automatic control modes. In automatic mode, the pump 

will be controlled according to the water level. Pump 

operation may be affected by software-generated 

conditions (idling prevention or some other protective 

function). In manual mode, it is possible to turn on/off any 

of the pumps by controlling from the panel (HMI). 

• Enables software switching between manual and 

automatic control mode for cleaning pump grates. In the 

automatic mode, the cleaning of the grates is managed in 

accordance with the difference in the water level in the 

channel and the pumping station. In the manual mode, it 

is possible to start or stop the cleaning of the grate by 

controlling it from the panel (HMI). 

• Enables displaying the status of defined alarms and events 

(apparatus status) related to the state of the equipment in 

the field 

• Enables dynamic display of the switching state of 

individual devices on the HMI panel. 

The control of the complete process is based on a Siemens 
PLC of the S7-1200 series type: CPU 1214C DC/DC/RELAY, 
with the necessary number of modules, a block diagram of 
system communication is presented in Figure 9: 

• CPU 1214C DC/DC/Relay, 

• MODBUS RS485 module, 

• Module with 8 analog inputs, 

• Module with 8 RTD inputs, 

• Module with 4 RTD inputs, 

• Three modules with 16 digital inputs/outputs. 

 

B. Principle of system operation 

The operation of pumping units in the pumping station is 

performed automatically or manually. The main goal of the 

management is to maintain the water level in the supply channel 

within the limits between the required maximum level when all 

pumps are working (K_max=Zdvmax) and the minimum level 

when the pumps are not working (K_min) with management 

optimization. The reference value (K_REF) of the water level in 

the channel that the pumping station should maintain is also 

defined. The pumps are driven by frequency drives, and the set 

reference water level in the channel is maintained both by the 

number of pumps in operation and by the application of 

frequency regulation.. 

 

Fig. 8 Characteristic water levels in the river channel  

C. Realization of the system 

On the basis of the adopted project and the agreed list of 

signals, process tags were defined in the PLC. On the basis of 

process tags and logical variables for monitoring and 

management in the memory of the PLC (data blocks in the PLC), 

tags are defined in the HMI device (external tags) that are used 

for graphic display and control of the system. The graphic 

display is divided into several screens through which 

visualization, monitoring and control of the process are carried 

out. Pressing on a certain part of the screen opens the 

corresponding window for setting commands, changing 

parameters, or reading information from the part of the process 

that is displayed on that part of the screen. 
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Fig. 9  System block diagram 

 

The visualization of the management process is shown on 

the operator panel manufactured by Siemens model KTP700 

Basic PN. The graphic display is divided into several screens 

through which visualization, monitoring and control of the 

process are carried out. 

 

Fig. 10 HMI Main screen 

The main screen "MAIN" presents the basic elements and 

basic parameters of the system. It is possible to monitor the 

increase of water in the supply channel in front of the pumps 

and the increase of water on the side of the Sava River. The 

specified water levels are obtained through ultrasonic sensors 

that are connected to the PLC. It is possible to graphically 

monitor the statuses of pumps that can be in local or remote 

control mode, available/unavailable mode and started/stopped 

mode.  

Screens for displaying measurement data are accessed from 
the main window by pressing the "Measurement" button located 
in the bottom part of the main screen in the navigation menue. 
The measurement window consists of four additional windows 
where all measurements in the system are displayed, Figure 11. 

 

Fig. 11 HMI measuring screens 

The "Control" window is the main window for supervision 
and control of the pumping station, access to the window 
requires authorization, i.e. the login of a user who has the rights 
to manage the system. The credentials of the logged-in user are 
located in the upper left part of the window. 

In the upper left corner of the window, there are also buttons 

for selecting the Manual/Automatic control mode. In the manual 

control mode, it is possible to start the pumps, adjust the speed 

of the pumps individually and set the parameter values. While in 

automatic mode, the system works independently, Figure 12. 

 

Fig. 12 HMI control screen 

From the main control window, you can access other 
windows for control such as water gate and cleaner using the 
navigation keys in the bottom part of the control screen. 

 

Fig. 13 HMI water gate control screen 

In the manual mode, it is possible to open and close the water 
gate at any time, Figure 13, while in the automatic mode, the 
water gate opens and closes depending on the water level on the 
Sava riverside. 



15  

 

Fig. 14 HMI cleaner control screen 

The cleaner management window is accessed from the main 
control window via the "Cleaner" navigation key. The window 
shows the current position of the cleaner, the control mode and 
the readiness of the cleaner. In the manual control mode, it is 
possible to activate the cleaner for each grid individually using 
the buttons in the upper part of the window. The number of 
cleanings for each grid is set via the "Br_ciklusa" input. In the 
automatic control mode, the cliner automatically starts on the 
corresponding grid if the pump starts on the given grid or if 
there is a big difference in the water levels before and after the 
grid, parameters dh1 to dh3, for each grid respectively. 

D. Alarms window 

Perhaps the most important window for monitoring 
pumping stations system parameters is the alarm window. The 
alarm window is accessed from the "Main" window by pressing 
the "Alarm" button in the navigation menu. 

The alarm window consists of two windows, namely the 

window of user alarms "Alarms" that were or are currently 

active, and the window of all alarms, both user and system, that 

have been active since the start of the PLC, the alarm archive 

"Alarm buffer". 

 

Fig. 15 HMI alarms screens 

 

VI. CONCLUSIONS  

This paper presents a system of automatic monitoring and 

control of pumps along the embankment of the Sava River for 

flood protection in periods of high water levels at the location 

of the town of Srbac. The system was designed and 

implemented using PLC devices for process automation and 

HMI devices for real-time process visualization and 

management. Modeling of the complete system was performed 

using the TIA Portal software tool. By applying the WinCC 

programming environment as part of the TIA Portal 

environment, supervisory and data acquisition was achieved 

using the HMI panel, which is located physically next to the PLC 

device and enables intuitive system management. 

The system leaves the possibility for further upgrading of 

the supervisory control and data acquisition this system. The 

possibility of communicating with the remote management 

center, which should be located in Bijeljina, where the head 

office of the institution "Vode Srpske" is located. 
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