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Abstract
Every manufacturing company producing products of any kind is forced to constantly address the issue
of improving the efficiency of its production lines, increasing their production capacity and last but not
least, increasing the quality of products. Every physical intervention directly in the production process
results in a change in the efficiency of this process. It may be a change for the better, but often such a
change may not have the expected effect. Today's era of digital industrialization offers us the opportunity
to verify possible changes in the production process without physically interfering with existing
production, and thus it is also possible to verify the real consequences of the intervention. The present
paper deals with improving the efficiency and quality of products in the production process in the food
industry. It is the production of various types of packaged salads, cod and other types of fish. The aim
of the paper is to test the possibility of improving the efficiency of the packaging line for food products
as well as the possibility to improve their quality by applying sensors of foreign bodies of various kinds,
which can sometimes get into salads.
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1. INTRODUCTION
In the 21st century, most of the world's successful companies and firms use various simulation
programs to design production. These programs make it possible to observe the entire
production process with the smallest details, while the simulation can be stopped at any time
and restarted. Careful monitoring of the simulation can reveal bottlenecks, errors and various
shortcomings that could arise in real production [1]. If production is well mapped and there is
no access to it at any time and it is necessary to take an unbiased view of improvement in it,
simulation is a very good solution. In addition, it can be stopped and started at any point, and a
change can be made at any point, which can then be validated with the actual state based on
various technologies. It is thus possible to provide the production organization with a
presentation of possible changes in the existing production process, or to provide it with
suggestions for its improvement in the event of a certain change in production parameters. In
some cases, these are small changes that may not be very costly for the organization, but in
some cases, optimization solutions require investments with a longer payback period. With the
help of simulation programs, it is possible to ensure that before the start of real production, it is
clear that the production will be without any errors, downtime and maximally efficient. Whole
production systems can be subjected to simulation. In this paper, the simulation software
Tecnomatix Plant Simulation will be used for the realization of the simulation. Therefore, it is
necessary to define the terms production system and approach some of the possibilities of this
software [2, 3].
The production system model shown in Fig. 1 usually consists of these objects:
• Static permanent objects (non-moving elements of the system acting permanently –
warehouses, machines, etc.).
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• Dynamic temporary objects (moving elements entering the system, which move between the
static elements of the system and leave the system at some point - components, pallets).
• Elements of connection with the environment (locations where dynamic objects enter the
system and leave the system at the same time) [4].
After testing the model, experiments are started to search for various alternatives for system
improvement and to determine their impact on the modelled system. Simulation is not a
program with which it is possible to directly obtain the optimal solution. It is used as a support
tool to help the designer test the effects of his decisions on a simulation model [5, 6].

Figure 1: Model of production system.

Tecnomatix Plant Simulation provides an environment for creating simulations. Using Plant
Simulation, it is possible to optimize material flow, resource utilization and logistics at all levels
of plant planning, from global production facilities, through local plants to specific lines [7]. In
times of rising costs and time pressures in production along with continuing globalization,
logistics has become a key factor in the company's success. The need to deliver on time and
gradually, implement lean manufacturing principles, plan and build new sustainable production
facilities, and manage global production networks requires objective decision criteria to help
management evaluate and compare alternative approaches. The simulation makes it possible to
create a digital model of the logistics systems plant so that authorized employees can monitor
the properties of the system and optimize their performance. The digital model can be
implemented in the planning process long before the actual system is started. Plant Simulation
software provides extensive analytical tools, graphs, and statistics to help users evaluate various
production processes and take quick and reliable steps in the early stages of production planning
[8-10].
1.1 Modelling of production processes
Plant simulation allows companies to create well-structured hierarchical models of production
equipment, lines and processes. This is achieved through powerful object-oriented architectures
and modelling capabilities that enable customers to create and maintain highly complex
systems, including advanced control mechanisms. The intuitive, context-sensitive Plant
Simulation ribbon user interface follows Microsoft Windows standards, making it easy to get
to know and work quickly. Simulation models can be created quickly using components from
application object libraries designed for specific business processes, such as manufacturing or
car body manufacturing processes. Users can choose from predefined sources, order lists,
operation plans, and control rules. Extending the library with company-specific objects allows
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the capture of proven technical experience for further simulation studies. Complex and detailed
simulations can be manipulated, understood and maintained much better than in conventional
simulation tools with the architectural advantages of Plant Simulation [11, 12].
1.2 Elimination of bottlenecks
Plant Simulation models are used to streamline throughput, reduce bottlenecks, and minimize
work-in-progress. Graphical outputs for automatic bottleneck detection, throughput analysis,
machine, resource and buffer utilization, Sankey diagrams and Gantt charts are among the many
tools available to evaluate the performance of your production systems. Simulation models take
into account internal and external supply chains, production resources, and business processes,
allowing you to dynamically analyse the impact of different production variations [13, 14].
1.3 Practically put the production systems into operation
Tecnomatix Plant Simulation allows the virtual device model to be linked to actual plant
management, thereby simulating actual production. With this integrated simulation approach,
it is possible to test and optimize control, automation, material transport and the entire technical
operation. It is possible to connect either a virtual (software) programmable logic controller
(PLC) or a real (hardware) PLC from a real environment. This commissioning is flexible and
open and can be used in conjunction with any PLC [15, 16].
1.4 Benefits
Plant simulation helps manufacturers:
• Identify and eliminate problems that would otherwise require costs and time-consuming
corrective action during the production ramp.
• Reduction of investment costs that could arise in reality.
• Optimize the production process in a simulation environment before implementation in real
production.
• Elimination of bottlenecks and increased use of production resources [17, 18].
Accurate digital modelling, simulation and spatial (3D) visualization allow to visualize and
analyse the future production process, thus limiting the possibility of errors that could occur
during the start of production, but also during its normal operation [19-21].

2. PRODUCTION PROCESS ANALYSIS
2.1 Problems of production process
A similar proposal to streamline the production process has been addressed in the company for
the production of various second salads and other fish products and various other raw materials.
The aim of streamlining the production process was to meet two factors:
1. One major customer of the company requires that products sold under its brand be inspected
for the presence of undesirable bodies, such as: metals, plastics and glass, which have been
found in a small number of products from another supplier. The presence of such bodies in
the products is very unlikely. All raw materials added to the products are already checked in
the previous steps of production, however, without such a check it can never be completely
ruled out that nothing undesirable can get into the product during the production process. In
this way, this customer tries to avoid losing their customers and damaging the good name of
their retail chain. This serious error in the production process can lead to consequent damage
to the health of end customers who could consume the product with such a body. The
company in question is therefore forced to inspect the products it manufactures for that
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customer under its trade mark by means of a separate detector for such elements, which
considerably prolongs the production process, since such inspection requires a considerable
time to inspect all the products required by that customer (Fig. 2).

Figure 2: Product inspection detector to prevent the presence of unwanted bodies.

2. The manufacturing company plans to introduce automation elements into the packaging of
its products and to reduce both the manual burden on workers and to ensure a larger volume
of packaged products on its packaging lines. With this step, it wants to improve the
production process and ensure its greater efficiency.
2.2 Description of the production process of selected types of products
The company's production program covers a wide range of products. Its assortment includes
more than 400 types of various food products. Today's product assortment is presented by two
of its own range of branded brands. It holds a certificate confirming the implementation and
use of the quality management system according to EN ISO 22000: 2005. It also has an
established HACCP system, which ensures the quality and health safety of the entire production
process. Tests are performed daily in our own laboratory. At the same time, permanent
veterinary supervision is established. The quality of the products is also evidenced by several
SLOVAK GOLD awards. The production of the entire assortment takes place on two floors in
a separate production hall.
It would be very difficult to solve the optimization of the entire range of production. As a
model for solving suggestions for improvement, one type of products was selected, which is
significantly represented in the assortment and is among the best-selling in the entire
production. The production of Cod was selected. A diagram of the manufacturing process is
shown in Fig. 3 and is described below.
2.3 Course of Cod production in mayonnaise
The Cod production process begins with the receipt of frozen fish from storage. Prior to
processing, the frozen fish raw material is unpacked from the transport packaging and stored in
a thawing box, where the thawing process itself takes place. Thawing takes place in the
afternoon and at night. Thawing time is 15 to 24 hours. At the end of the thawing process, the
raw material is unwrapped from the foils and at the same time the quality of the thawed raw
material is checked. Another process is cooking in cooking chambers, which lasts
approximately 90 minutes. After cooking, the raw material is cooled by air in a cooling chamber
for about 30 to 45 minutes. The cooked fish is then cooled with water for about 30 to 45 minutes.
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Figure 3: Diagram of the cod production process.

The cooled cooked fish raw material is moved to a marinating process, which takes 12 to
15 hours. At the end of the marinating period, the varnish is drained and then the raw material
is cut on a grinder. The semi-finished product processed in this way is ready for the production
of Cod. Another process is the preparation of sterilized vegetables, which must be rinsed and
then drained for at least 5 minutes after being poured into sieve containers. Other necessary
semi-finished products such as mayonnaise are prepared in advance and stored in their place,
from where the expected volume is transferred for the given day for weighing. Other additives
are weighed according to the material standard and are added when weighing the mixture into
Cod. After weighing the individual semi-finished products and additives, the container is
moved to the production room, where the penultimate phase of production takes place. The
weighed mixture is poured into a mixing machine and the mixed Cod mixture is then transferred
to a hopper. The mixture from the hopper is gradually transferred to the machine and the Cod
itself is filled into pre-marked plastic cups.
The machine will mark the correct expiration date. The products are then moved along the
conveyor to the packaging process. There is a sensor on this conveyor that scans the entire
product. This sensor checks whether the date of minimum consumption is correctly printed on
the crucible (in Fig. 3 it is marked in yellow). If the date is not printed on the packaging, the
sensor automatically discards this product using a flap in the hopper by the conveyor. The
operator then returns these products to the marking device to indicate the date of minimum
consumption.
The worker packs the required number of 16 pieces of products in a paper carton and places
them on a pallet. As for the products for the above-mentioned customer, who additionally
requires control for the presence of unwanted bodies, the entire pallet with products is moved
to a free-standing detector (Fig. 2). All products packed in a cardboard box are gradually
inspected on this detector. This check is performed by a worker who gradually takes cartons of
products from the pallet and inserts them into the detector. If the detector detects unwanted
particles, the entire carton is automatically discarded. Cartons, which are in order, are placed
back on the pallet by the worker, and the worker proceeds to wrap the pallet with foil for safe
transport of products to the dispatch warehouse, from where they are gradually delivered
according to orders to branches and customers.
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3. DIGITIZATION OF THE PRODUCTION PROCESS
After the whole production process of the product was mapped, analysed and described its
necessary properties, a digital model of this production was created. As already mentioned, the
production takes place in the company on two floors, on which the individual production
operations take place. In order to be able to capture the entire production process on both floors
and link it into one simulation, it is necessary to use Frames when creating a simulation model.
In each Frame, all necessary operations on a given floor are modelled and these Frames are
interconnected (Fig. 4).

Figure 4: Production modelling using frames.

After clicking on the individual Frames, the modelled individual floors of the production
hall will be displayed (Fig. 5).

Figure 5: Models of individual floors in the 3D environment Tecnomatix Plant Simulation.

In the production space on both floors, the production of other products from the company's
assortment takes place. The simulation model, however, was created only for a selected
representative product. Fig. 5 shows the production model in its original form as it takes place
today. This model captures the normal manufacturing process, for regular customers. This
model does not include the above-mentioned inspection of products for the possible presence
of foreign objects. It does not contain the aforementioned optimization in the packaging
process. In this simulation model, the packaging is performed manually with the help of a
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worker, who transfers each package of the product manually and places it in a carton on a pallet
(Fig. 6). After filling, this pallet leaves the production hall directly to the dispatch warehouse.

Figure 6: Manual packaging process.

Fig. 7 shows a statistical evaluation of such a production process in the normal and previous
state. Statistics on basic indicators were taken from the software, such as: Productivity of the
production process, which is at the level of 46.15 % in this process. it is also possible to monitor
data on how many individual devices have been in working mode, how long they have been
blocked by other related operations, or how long they have waited for the operation to be
completed before them.

Figure 7: Statistics of the current production process.

3.1 Production process when performing an inspection using an X-Ray detector
It was mentioned above that one of the major customers requires, in addition to quality controls,
health safety, hygiene inspections and regular audits related to individual production standards,
in addition to preventive inspection of all food products for the possible presence of undesirable
objects such as metals, plastics, glass and the like. The company performs such a check on a
device called an X-Ray detector. There are several disadvantages to performing such an
inspection. One of them is that this device is located outside the production hall, where the
packaging and production of products takes place, and therefore the handling and transport of
products between production and this device is necessary. This means that the products, as
already mentioned, are packed in cartons in the required number of pieces in the production
hall, these cartons are placed on top of each other on a pallet and the products are moved to the
X-Ray detector (Fig. 8). With this device, there must be an operator who gradually inserts
cartons with packaged products into the device. If the products are in order, the carton is stored
on another pallet and after its filling, the entire pallet is packed and forwarded to the dispatch
warehouse. Such inspection of each packaged carton takes time, thereby reducing productivity
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and the number of products that production can dispense as finished products in a given shift.
Another disadvantage is that 16 packages of the product are packed in one carton, and if an
unwanted body is detected in such a package, the whole package is considered unsatisfactory.
This means that if there is only one product unsuitable for export in a carton, the whole package
is discarded.

Figure 8: Location of the X-Ray detector in the production hall.

A significant decrease in production productivity with such a method of control can also be
seen in the statistical evaluation offered by the Tecnomatix Plant Simulation software (Fig. 9).
The productivity of such a production process is 19.03 %, which is a significant decrease
compared to the original state. As a result, the complexity of fulfilling orders for this customer
also increases. In addition, such a production process must involve another worker who operates
the inspection equipment and ensures that the products are packed back on the pallet. On the
contrary, an increase in the percentage of product transport after the production process is
visible. From the original 53.85 % transport increased to 80.97 %. Thus, when we compare the
decrease in productivity of the production process with the increase in transport, we get to
values of approximately 29.3 %, which is a significant deterioration of the indicators.

Figure 9: Statistical evaluation of production using X-Ray detector.

4. PROPOSAL FOR STREAMLINING THE PRODUCTION PROCESS
As mentioned in the introduction to the article, the company is considering investing in
improving part of the production process. First of all, it would like to optimize the process of
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inspecting its products and increase their quality for all its customers, not just for the said
customer, for whom it manufactures products under the brand of its retail chain. The company
would like to declare and inspect all products for the possible presence of unwanted bodies in
the content of its products. The simulation model clearly shows that performing such a control
using the prior art would be highly inefficient. The proposal to streamline the process of such
an inspection consists in locating a device that could detect any unwanted bodies in the products
directly on the production line. It has been stated above that there is a sensor on the line that
checks the correctness of printing the date of minimum consumption on the product packaging
(Fig. 3, marked in yellow). In today's advanced period of existence of various sensors and
detectors, it is possible to find on the market or custom manufacture a detector of similar shape
and functionality for sensing metals, plastics, glass, wood, and similar substances, which could
be present as a minimum consumption date sensor directly on the production line. The purpose
of such a detector should be to detect every single product moving along the line. In case of any
disagreement, notify the operator that there is something wrong with a particular product, or
automatically remove this product from the line, without a lengthy interruption of production.
It would be appropriate to place such a sensor on the production line immediately after the
classification named DS 2500, which performs the filling of cod into packaging, their closing
and then marking the date of minimum consumption of products. Such a sensor (Fig. 10) would
be supervised by the production operator, who would have the task of signalling a defective
product to exclude such a product from the production process. In this way, 100 % control of
all products in the production process would be ensured and the quality of the entire production
system would be increased. The company could then declare control of all its products to all
customers in relation to the presence of undesirable substances and bodies in its products. This
could, of course, also declare the complete health safety of its products in connection with a
possible error in the production process, in which such undesirable bodies could enter the
products. This would completely eliminate the health risk associated with the consumption of
such a defective product for the end customer in absolutely all products offered by the company.
The duration of such an inspection directly in the production process would be reduced to the
time of scanning such a product, which would be about one second for each product. This would
eliminate product handling and packaging times before and after the X-Ray detector. The
products would be packaged only once and the finished products packed on pallets would
proceed directly after production to the dispatch warehouse, thus increasing the efficiency and
productivity of the entire production process. The application of such a device would also
eliminate waste that may be unnecessarily generated in connection with the use of the X-ray
detector, as each package of the product would be inspected separately. Should a discrepancy
be found, the waste for the company would only be given the incorrect packaging of one product
and not the whole packed carton with 16 pieces of products.
Another step to improve the productivity of a given production process would be to propose
the use of a manipulator between the workplaces of cod packaging into cartons and palletizing
of these cartons (Fig. 10). This step would relieve the burden of a worker who performed such
packaging manually and placed each product individually in cartons on a pallet. This worker
could move from the packaging position to a more comfortable and less strenuous position
towards the Alien body detector and remove products that the detector would identify as faulty.
In the statistical indicators Fig. 11 shows how such a manipulator would affect the entire
production run. The total productivity of the modelled production would increase to 47.16 %.
Compared to the original state of production (Fig. 6), in which the inspection of unwanted parts
in the products was not performed and the manipulation was performed manually by the worker,
there was an increase of 1.1 % of the total production.
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Figure 10: Design of Alien body detector implementation and manipulator during the packaging process.

Figure 11: Statistical evaluation of the implementation of proposals for streamlining and increasing the
quality of production using simulation.

5. CONCLUSION AND OUTLOOK
The whole paper is focused on the field of production systems and processes and points to the
important role of simulation in increasing efficiency, productivity and optimization of
production. The proposed implementation of a detector to detect the presence of unwanted alien
bodies directly into the production system also increases the quality of products and the safety
of the end consumer. The use of such equipment directly on the production line will
significantly increase productivity, which is clearly visible in the statistical evaluation of
individual production situations and outputs from the statistics of simulation software.
With the current method of production and control, productivity is at the level of 19.03 %.
In the design of the use of the detector and the use of the manipulator in packaging, its level is
47.16 %, which is a significant increase. When comparing the current production system, which
is used by regular customers, on which no control of unwanted parts is performed, the
productivity of such production is at the level of 46.15 %. Even in this case, there is a visible
improvement in the proposal compared to the original situation of 1.1 %. Such an increase may
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not seem very dizzying, and the question is what the return on such an investment would be for
society. However, account must be taken of the fact that the simulation study was carried out
on one product representative and states in the introduction that the manufacturing company
has 400 products in its portfolio.
Most of these products are manufactured, or at least packaged in a similar way to Cod,
which we have chosen as an example for creating such models. If a similar increase in
productivity were confirmed for each product, the payback period of such investments would
be significantly shortened. The determination of the amount of investment was not dealt with
in this part, such a study is only an example for manufacturing companies carried out on real
production. After studying it, it is up to the management of the company to deal with the amount
and efficiency of such an investment.
The importance and applicability of simulation software and digitization processes in any
area of industry is clearly visible in similar examples. Digitization of production processes and
systems is important both for the automotive field and in other areas where the result of the
transformation process is a product. Every production process can be constantly improved, and
digitization will significantly shorten these processes. From a scientific point of view, the
creation of such digital models is necessary, because when analysing different types of
production systems, it is possible to create new model theories by applying new technologies.
These theories can then be applied in other, for example, statistical analyses, which will be
applicable in various other areas of life.
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