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INTRODUCTION

Nowadays, automation is a growing trend 
in enterprises, especially with use of dedicated 
systems [1]. It is a basic procedure very often 
requiring the adaptation of simulation systems 
and caused not only by economic but also by ef-
ficiency factors [2, 3]. This solution works well 
in large warehouses when transporting small and 
medium-sized products. Automation affects more 
accurate planning of the transport process, short-
ens the time of order preparation, and allows for 
greater product control during production and 
further storage [4–5]. It completely eliminates 
manual work and the use of, for example, fork-
lift trucks, which reduces human error. The more 
complex processes are used, the more effective 
transport will be. The transport of goods can be 
expanded by tracking parcels, labeling or sorting 
on the basis of cameras and scanners [6–9].

Automation of transport in the warehouse 
sector allows you to increase the company’s prof-
its, transport efficiency, prevent the loss of parcels 
and avoid their damage. By additional automation 
of the stages of storage and shipping, employees 

can be relieved of monotonous activities during 
transport service, which will limit them only to 
supplementing the package with goods in accor-
dance with the order, along with securing and 
packing the package for the time of transport 
[10–12].

 There are some things you should pay atten-
tion to when designing transport by conveyors. 
The most important is the economic factor. Au-
tomation forces higher costs, which will pay off 
after an appropriate time with the assumed line 
efficiency, with lower costs may not pay off and 
it will be more economical to find other options 
[13–16]. In addition, taking into account the reli-
ability of the control systems (e.g., through ap-
propriate diagnostic techniques), a system with 
very high efficiency can be achieved [17–18].

Scanning, labeling or choosing the right des-
tination of the parcel when subjected to automa-
tion can be excluded from the competence of 
employees. The fully automated system allows 
for monitoring all transport parameters through 
visualization using SCADA (Supervisory Con-
trol And Data Acquisition) supervision systems. 
Thanks to them it is possible to obtain supervision 
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over failures, equipment errors, effi  ciency and in-
formation on line fi lling [19–21].

This requires the preparation of control logic. 
In the industry, the most often chosen for such 
tasks are industrial PLCs, which need communi-
cation with the executive and control devices to 
operate. The program needs to be tested already 
at the stage of simulation but also during start-
up. This gives confi dence that the system is com-
pletely safe for the environment, and also works 
as expected by the customer [22–26].

METHODOLOGY

The described control system was designed 
using TIA Portal V16 software. This software 
is used to create and test PLC (Programmable 
Logic Controller) program code in LAD (Lad-
der diagram) language. The code program was 
implemented in the S7–1500 CPU 1517F-3 con-
troller by Siemens [27–28]. Another software 
for designing the control system is ‘Emulate 
3D’. This software allows you to virtually test 
the logic of the system’s operation. Control sim-
ulation saves time before entering the construc-
tion site. It shortens the project’s critical path as 
well as the total testing time. The program works 
with the rules of physics, so you can see every 
smallest error in the program.

At the beginning, before starting the design of 
the control system, it is necessary to confi gure the 
CPU (Central Processing Unit), i.e. to select the 
appropriate type of PLC controller (Fig. 1), and 
then map the Profi net network topology (Fig. 2).

Properly designed network topology in the 
software enables the correct exchange of signals 
between devices of the control system. 

The next step is to create an appropriate pro-
gram structure in the ‘TIA Portal V16’ software. 
To ensure transparency, the program is divided 
into sections, each of which is responsible for a 
separate control segment. The relationships be-
tween the program sections and the scope of their 
activities are presented in Figure 3.

The safety section protects the surroundings 
and people in the vicinity of the control system. 
The manufacturer of Siemens controllers has pre-
pared additional modules to support this func-
tionality. The system structure is based on a lo-
cal solution, that secures the connection of power 
contactors in a local conveyor line, and a global 
solution, which includes dedicated Safety con-
trollers that support the overall safety system in 
the enterprise and send the superior line readiness 
status defi ned in groups. Master controller groups 
are high when no safety switch is pressed.

The power section is responsible for servic-
ing the condition and availability of Profi net de-
vices, servicing the condition of electrical devices 

Fig. 1. Adding a controller to the project
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such as: surge arrester, network parameter meter, 
circuit residual current devices, error reset, start 
and stop. The system section is responsible for 
controlling the conveyors. It contains information 
on the operation of the conveyor, sensors and bits 
needed for data exchange between the conveyors 
of the system.

The recommended method of programming 
in SIMATIC S7 controllers is application block 
architecture, using the structure of OB (organiza-
tion block), FB (function block), DB (data block) 
program blocks, FC (function) and their instanc-
es, as this method allows a clearer view of the 
process control and allows for faster and more ef-
fi cient testing of individual components process, 
also allows the resulting structures to be reused 
in another project after prior confi guration. An 
additional advantage of such architecture is the 

ability to divide the program into functions and 
sub-functions to be able to use them repeatedly 
changing only the input parameters. This is es-
pecially eff ective in for repetitive control tasks. 
The program should also be divided into sections, 
i.e. program blocks that will concern individual 
process fragments and allow you to quickly lo-
cate program fragments responsible for control-
ling individual processes / devices. Structures 
such as data blocks and FB block instances can 
be arranged separately directories. It is not rec-
ommended to use a linear architecture based on 
a program written in one block “line by line” be-
cause the control implemented in this way makes 
the program less transparent, more diffi  cult to edit 
and modify, and additionally the risk of making a 
mistake increases signifi cantly. The manufacturer 
of the SIMATIC 7 software recommends the use 

Fi g. 3. Structure of the control program and its dependencies

Fig. 2. Mapping of network topology by connecting devices to the appropriate ports
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of block architecture properties such as the ability 
to use organizational blocks.

Then the control system is simulated. This 
process is based on simulating the operation of 
the system in real time, taking into account the 
physics of objects and interactions between the el-
ements of the system. The ‘Emulate 3D’ software 
allows you to import the CAD (Computer Aided 
Design) model of the conveyor lines, simulating 
the signals of the devices in the system, which are 
then processed by the controller. The use of a 3D 
model provides realistic feedback on the course 
of processes in the control system. The control 
system simulation is used for the purposes of:
• Reducing the commissioning time, hence fast-

er implementation time and lower costs,
• Checking whether the required parameters 

have been met by the control system,
• Verifi cation of the correctness of the displayed 

SCADA system messages,
• Detection of errors in the program such as 

wrong naming of variables, incorrect place-
ment of them or much more serious problems 
that result from wrong assumptions or incor-
rect logic when writing the program,

• Testing various software solutions without 
being on a physical site. This allows for a 
reliable verifi cation of program assumptions 
and the transformation of the program if nec-
essary. Such testing gives much more confi -
dence when starting the system, which allows 
you to fi nd electrical or mechanical problems,

• Checking the operation of the system in ex-
treme conditions, which are diffi  cult to obtain 
in a real system. Such situations may only 
occur when operating at full capacity of the 
system, but achieving such conditions actu-
ally involves high costs. To create such con-
ditions, a large number of people are needed 
to deliver and receive transport units such as 
containers or parcels of various sizes, which 
takes many hours. In the event of an error, the 
entire process should be repeated which takes 
a few more hours. Repeating the situation is 
not a problem during the simulation, and it 
also takes a few minutes. 

To run the simulation a PLC of the same type 
as selected in the project is needed. Use the IO-
Supervisor computer to load the program into its 
memory. It has the TIA Portal software through 
which it manages the project and introduces 
changes. The programmable controller communi-
cates with a computer containing the Emulate 3D 
simulation program, which simulates the signals 
used in the control system (Figs. 4, 5) [29].

The next and fi nal stage of commissioning 
is about the automation process. After complet-
ing this stage, the control system is collected by 
the customer and operated. During this stage, the 
correctness of the program operation, the device 
confi guration and the safety of the control system 
for the operators are verifi ed.

Fig. 4. Diagram of the simulation stand: 1 – S7–1500 PLC controller, 
2 – computer with Emulate 3D program, 3 – IO-Supervisor laptop
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The basic thing that should be checked im-
mediately after uploading the program to the 
PLC controller is the diagnosis of connections of 
Profinet devices:
• are the devices available,
• are they working properly,
• whether they are properly connected.

Then, diagnostics of connections of Pro fi net 
devices should be carried out through the ‘TIA 
Portal V16’ or ‘Proneta’ software. These software 
will show the correctness of the IP addresses of 
the individual devices as well as the card ranges 
of the input and output modules. In case of any 
irregularities, the Pro fi net network devices will 
report problems.

The control system has a “Safety” system. By 
controlling the switching of the coils of the power 
contactors, it provides protection of the power 
supply to the main voltage lines. According to 
the written logic, “Safety” groups come from su-
perior PLC controllers responsible for safety in 

a given area. They support emergency stops that 
decide which contactor coils are to be closed. It 
should be checked whether the conveyors located 
in the area of a given emergency stop switch lose 
power when the appropriate contactor is turned 
off  (Fig. 6).

Then the optical sensors should be checked 
and correctly set up (Fig. 7). Each of the optical 
sensors shall be set to receive a refl ection signal 
from the mirror. The last and important step is to 
tighten the fastening screw fi rmly, because the 
conveyor generates high vibrations during opera-
tion, which may, in the case of insuffi  cient tight-
ening, lead to loosening of the screw and loss of 
signal. In the control system, each conveyor has 
one optical sensor.

The next step is to check the conveyors and 
their parameterization. Their parameters should 
be verifi ed and compared before uploading to 
their memory in accordance with the documen-
tation of the conveyors, which contains their 

Fig. 5. Simulation station
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detailed values. Values such as speed, accelera-
tion, power and rated current, among others, must 
be the same. The parameters are uploaded using 
the ‘Nordcon’ program (Fig. 8). Additionally, the 
frequency inverters are parameterized using de-
vice pins that correspond to the drive power.

Then, the current state of the conveyor input 
signals should be verifi ed. If they are powered 
with voltage and correctly parameterized, they 
emit a “ready” signal. If this input signal is not 
exposed, the electrical connections should be 
checked. Checking the signals of the transporters 

Fig. 6. Contactors supplying the respective conveyors

Fig. 7. Correct setting of the optical sensor

Fig. 8. Setting the rated current for the conveyor
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is done through the “watch table”. This table is 
created in the ‘TIA Portal’ program and the vari-
ables responsible for the readiness and operation 
of the conveyor are entered into it.

The next step is to switch the conveyors into 
manual mode and check their speed one by one 
using a device such as a tachometer (Fig. 9). If the 
speed is consistent with the list of conveyors, the 
transporter can be switched to automatic mode.

The last step is to verify of the SCADA (Su-
pervisory Control And Data Acquisition) system 
correctness. For it to work properly, check that 
all signals have been properly connected to the 
appropriate graphics. The proven SCADA sys-
tem allows to quickly fi nd the error. Trought the 
above, when testing lines on site, it is easy to di-
agnose and locate faults that need to be solved 
(Table 1).

RESULTS AND DISCUSSION

The simulation process contributed to many 
changes in the program code. In addition to ex-
cluding errors such as typos in variables or in-
correctly used addresses, it contributed to logic 
transformations as well as to writing new lines 
of code to correct imperfections in transporting 
boxes (Fig. 10).

A problem with the drives turning on too late, 
causing boxes to stick together has been noticed. 
This issue has been resolved by using an earlier 
optical sensor to wake the conveyor.

Another problem was the bad positioning of 
the box at the exit. Bad positioning caused the 
board to hit the board, so the box did not move 
completely onto the main line. This resulted in 
the box jamming and blocking the main line. This 
problem was solved by writing an appropriate al-
gorithm for positioning. An input has been drawn 
from the algorithm where the distance from the 
previous optical sensor in millimeters is adjusted 
(Fig. 11).

The fi nal problem was that incorrectly 
matched conveyor speeds could cause collisions. 
If the upstream conveyor has a higher speed than 
the upstream conveyor, it hits it. Such work ceas-
es to be smooth, and thus the control system may 
not achieve the assumed performance. This prob-
lem was solved by changing the speed in the code 
(Fig. 12).

The maximum speed of the roll is 60 m / min. 
Speeds of 45m / min and 46m / min were used for 
smooth driving. Control system tests performed 
on the simulation prove that the changes made 
had an impact on the correct operation of the sys-
tem. The transport capacity that was measured 
during the simulation is a maximum of 2615 units 
per hour, while the required number is only 2100 
units per hour. After the value obtained in this 
way, it can be concluded that the performance test 
on the real object will be passed (Fig. 13).

Comparing the simulation to the real system, 
it can be said that the simulation is a great simpli-
fi cation of the actual operation of the system. Pro 
fi net devices or signals from electrical devices 

Fig. 9. Tachometer for checking the conveyors speed
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are forced to work properly. Optical sensors do 
not need an appropriate setting to work properly, 
and the settings of the inverters, electrical con-
nections or communication with another PLC 
controller are not mapped in the simulation. The 
security system is also not mapped and is ignored 
for proper operation. The number of boxes on the 
line is generated continuously, at a certain time 
that will be set in the generator, in this case every 
1 second. In fact, the number of boxes depends on 
the person who is feeding them per line.

Summing up, the simulation will not fully re-
place the actual commissioning process, but it is 
defi nitely a great convenience. Thanks to it, errors 
found on the programming side have an impact 
on reducing the runtime on the real object.

CONCLUSIONS

In the paper, the authors presented the meth-
odology of creating a control system for con-
veyor lines. Several programming languages of 
industrial controllers were used to achieve the 
assumed goal. Due to the applied control and ex-
ecutive elements, the performed works met the 
assumed goals.

Through the simulation stage, the correct op-
eration of the system control logic was checked 
and errors were eliminated, thanks to which the 
functioning of the system was improved. This 
resulted in a reduction in the time to start up 
the physical facility. During the commissioning 
phase, it was found that the simulation is not a 
perfect representation and cannot be fully relied 
upon, but is inherent in the entire process.

At the stage of starting the system, the system 
of transporters was prepared for operation and 
use. The key problem was the inability to posi-
tion the box at the exit, which caused constant 
blockages. It took a few minutes to fi x the bug, 
which caused the line to drastically reduce its per-
formance. This situation is unacceptable from the 
point of view of the transport of the boxes. This 
problem was solved by writing an appropriate 
algorithm for positioning. This algorithm caused 
the package positioning to work correctly and ex-
cluded the repeat of this error.

Table 1. Basic status symbols in the control 
system (own elaboration)

Color Signifi cance

Disabled / inactive

E-STOP / device failure

100% Full

25–75% Full

Active / working

Active / not working

Energy save mode

Service / manual mode

Fig. 10. Screenshot of emulate 3D
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Fig. 13. Measured transport effi  ciency in Emulate 3D

Fig. 11. Correct positioning of the box

Fig. 12. Correct speed settings
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In modern times, companies in industry are 
increasingly opting for the automation process. 
This process, despite high costs, increases work 
effi  ciency, lowers labor costs, reduces or com-
pletely excludes monotonous and tedious manual 
tasks, improves employee safety and also im-
proves the quality of products. This article has 
shown that the longest stage in a modern ware-
house is the goods movement stage (Fig. 14). Au-
tomating this process, despite high costs, increas-
es work effi  ciency (Fig 15), lowers labor costs, 
reduces or excludes monotonous and tedious 
manual tasks, improves the safety of employees, 
and also improves the quality of products. Further 
research can be conducted based on the mathe-
matical feedback correction in the PLC and also, 
it is needed to improve system reliability [30].
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