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Abstract: The article deals with current situation of design of production lines in modern factories and describes possibilities of 

realization new type of industry lines. The main research deals with proposal of modular production system established from intelligent 

manufacturing cells. Main positive features of suggested structure are possibility of rapid reconfigurability of the production line, easy 

maintenance and possibility of simple and fast design of new production lines, thanks to modularity. To achieve these features in the Industry 

4.0 ecosystem is necessary to use of modern communication methods and technologies, such as wireless industrial communication and IoT 

together with cooperative robots. Moreover, the entire system has to be designed as hierarchical, demand synchronized, flexible and is using 

standardized construct components. 
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1. Introduction 

Over time, the process of manufacturing automation goes 

through different development stages. Basics of contemporary 

automated production were due to inclusion of NC – Numerically 

Controlled machines into the production process. Next level of 

evolution was realization of production lines using CNC, later 

development proceeded then linking them into more complex 

systems – CIM.  

The latest development stage is the Industry 4.0 concept. A 

specific feature of modern production a wide range of products and 

frequent changes in the production process. These tasks are difficult 

to solve using classical automation. Even large manufacturing 

companies tend to pursue short-run production that is maximally 

adapted to a rapidly changing market and customer requirements. 

The solution is to use Industry 4.0 standards, also known as Smart 

Factory (SF). The basis of Smart Factory is the realization of the 

maximum variable production line - a flexible manufacturing 

system. We assume that a modern manufacturing process in 

accordance with Industry 4.0 concept must be able to change 

production quickly. This can be achieved by high modularity of the 

production lines and suggested production system must therefore be 

maximally modular. In addition, modules must be able to carry out 

production operations autonomously (application of intelligent 

production cells) and production becomes decentralized. The 

current method of production control using the central control 

system (CIM) needs to be replaced by another form of control.  

Because production consist from independent intelligent cells, 

synchronization and communication is very important. For 

synchronization in modern production are used modern methods of 

data transfer such as OPC / UA (6), low power wireless 

communication or standards used in the IoT devices, alternatively 

cloud systems.  

2. Theoretical foundation and related work 

Modular and reconfigurable systems are considered a good 

solution to some of the current automation problems. The advantage 

in the implementation of these systems is the versatility of the use 

of robotic cells. You can find a lot of scientific papers, as well as 

practical examples from practice and research on the application of 

modular systems to industrial production. One of the oldest works is 

the publication by Starr (11). He described a modular production 

like a practical concept. His proposal making use of standardized 

and interchangeable parts and organizing manufacturing process to 

satisfy the variety request by producing so called combinatorial 

outputs. The problems confronting the current industrial production 

with the application of the concept of Industry 4.0 describes many 

authors. Prominent recommendations on how to organize the layers 

of connected manufacturing systems are documented in the 

Reference Architecture Model of Industry 4.0 (12) or the Industrial 

Internet Reference Architecture (13), alternatively (5). Another less 

standards-oriented but nevertheless related approach is the Asset 

Integration Architecture (14). 

Authors Gorecky at al. (10) are describing design of modular 

production system and his architecture exactly in accordance with 

Industry 4.0 concept. In publication are defined individual layers of 

the modular system and is described the mechanism of automatic 

product identification in production system using RFID. A way how 

is possible to join modular automatized production line with CAD 

system is described in work of authors Michniewicz, Reinhart and 

Boschert (8). The core of publication is proposal of automated 

assembly planning system for modular production systems based on 

solution independent functional primitives. Conjunction between 

mentioned works (10) and (8) is contribution of authors Műller, 

Esser, Janβen a Corves (1).  They described an approach to simplify 

the programming of cooperating robots, especially for frequently 

changing tasks with various processes in small series. Their 

proposal divides robots at production line to two groups – masters 

and slaves. As a disadvantage of this concept one can say that all 

robots are dependant of the master robot and that the number of 

robots is limited from four (e.g. ABB) to eight (e.g. Motoman) due 

to controller capacity. Similarly cooperation of automated robotic 

modular systems and human operator is solved authors in 

publication (4). Their work is dedicated to a proposal of cooperative 

work of human with modular industry line, describing new way of 

usage of human-machine interface (HMI) and sugesting model, that  

focuses on the human in the production, making him/her the most 

important and flexible asset with a connection to the machines.  

Problems by realization of modular structure for wide variety 

small volume production are described in work (3). In this work the 

team of authors proposes to divide the functional modules into three 

levels of the hierarchy to assure the quality and achieve the wide 

variety of products. Sestak and Rudy in their work (2) describes the 

implementation of a flexible modular system for the production of 

prototypes using CA software support.  

Software is generally an important prerequisite for flexible long 

living automated production systems and is closely connected to 

automation hardware and the mechanics of the production system. 

Heuser et al. in (7) provide an overview of the state of the art in 

software engineering of automated production systems focusing on 

modularity and architecture and to identify the weaknesses as a 

basis for further research.  Theoretical principles for designing 

manufacturing and assembly process structures are formulated in 

(9). The advantage of this approach to process structure modeling 

can be realized especially during the early concept stage of the 

design process.  
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3. Design of modular production system 

architecture  

The modularity of production systems is highly complex matter 

and is dealt with in different areas of production. This work deals 

with proposal of production line structure where the modular 

production is realized by combining subjects – modular production 

cells into larger and complex production line - modular production 

system (MPS). The basic idea is to divide production space into 

related layers according to primary function of specific components 

and the rasterization of the workspace of layers.  

 

Fig. 1 Decomposition of production space into Layers. 

 

Firstly, we decompose the entire structure of the production line 

into four layers. The lowest layer is the base layer – Layer 1.  The 

construction of the base layer (Layer 1) includes grids, which serve 

to secure the supply of energy and the media necessary for 

production process (cooling water, electricity, air distribution, other 

gases and liquids). The main function of Layer 1 is to deliver these 

to modular production cells via defined interfaces. Connection 

interface should be simply, robust and standardized.  

 

 

 

Fig. 2 Connection interface for stations (15) 

 

Second layer in hierarchy of suggested system is represented by 

working surfaces of production modules.  All work surfaces of 

individual production cells will be organized similarly to the base 

layer, in principle.  

Third layer in proposal is made up by transport system of 

product and tools between workstations. The transfer unit is unified 

container. The surface of every container has to be rasterized 

according to other layers. This means that surface of every 

container is divided to chosen raster.  

As mentioned, the basic requirement of realization such a 

system is creating of grid over the surfaces, whether virtual or real. 

The grid must be designed to cover the entire usable area surface, 

has to be symmetrical and should be possible directly access to 

every each cell from the grid.  

There are several ways to divide an area into equal parts. In this 

proposal is used division by squares, but it is also possible to divide 

the surface using other geometric figures or n-angles (triangle, 

hexagon, ..)  

Raster 1 - is localized to basic surface of production system. 

Due to the location of production lines within buildings is most 

effective division to rectangular cells, according to building 

footprint. Raster1 (RAS1) is grid for lowest layer – Layer 1. 

 

 

Fig. 3 RAS1 – division of area into grid cells 

 

All devices anchored to the base layer must dimensionally 

correspond to the grid, which assumes the use of 4-square working 

modules. Because of the precise location of other enabling 

technologies in the work area these must correspond to the division 

of the basic grid too. 

 

 

Fig. 4 RAS1 – example of production space organization  

 

From picture (Fig. 4) is clear not only the location of devices 

and support systems, but also the reserved space for the movement 

of people, space for automatic guided vehicles (AGV) and other.  

As part of the grid is defined safety zone (s) for the safe 

movement of people. Movement of people in this area (and outside 

area) should be monitored due to avoid conflicts between man and 

machine. This means in case if a person leaves a defined zone, 

should come to slow or stop the machine in a particular area. 

AGV movement within the manufacturing process will be 

primarily deployed in selected sectors. Working space of AGV can 

be divided into three groups: 

 movement in areas where a collision with a human is 

not expected (AGV will move in a safe zone) - in the 

picture it is a green zone, 
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 movement in areas where there is excluded collision 

with man and other objects unrelated to traffic (AGV 

will be in its own traffic area e.g. traffic tunnel, 

protected zone - in the picture it is a red zone), 

 movement in areas where under certain circumstances 

threaten collision with man e.g. service intervention 

with human presence - in the picture it is a yellow 

zone. 

 

Raster 2 (RAS2) – as mentioned, in a similar way as the base 

area is divided into individual sectors by means of a grid, is also 

divided the work area of each module. This solution allows the use 

of unified process tools. Technologies or devices will be connected 

to the module desktop according to the expected type of performed 

operation in a particular workplace - robot, drilling equipment, 

screwing equipment, etc.  

 

 

 
Fig. 5 RAS2 – Working cell example with Raster 2 grid – cell working space  

 

Desktop also includes space for media equipment and 

instruments themselves attached to the platform RAS2.  

Raster 3 (RAS3) – is dedicated to product transfer within 

production process. The products themselves will be placed in a 

shipping container, which is due to its standardized dimensions 

form the unique interface within whole MPS. The container is 

defined by its shape and dimensions. For the exact position of 

products within container is localization using the – RAS3, 

similarly like rasters RAS1 and RAS2. 

 

 

Fig. 6 RAS3 – Inner surface of container  

 

In addition, these containers also transport the work tools 

required for the job. The main task of RAS3 is: 

 allow the exact location of the product or tool in the 

container (and in whole system), 

 allow simple and rapid modification of production by 

raster identification of products and tools used in 

manufacturing change. 

 

Raster 4 (RAS4) – rastering of clamping and working surfaces 

of tools. The basic idea of raster identification of key elements is 

applicable even with tools. Rastering of tools using RAS4 offers the 

possibility of their universal use throughout the MPS. 

 

3. Conclusion 

This article introduced an approach for flexible production line 

made of reconfigurable production modules that can be easily 

composed into production lines. Reconfigurability is achieved 

through standardized process components. The main advantage is 

implementation of layers to production system and application of 

rastering to working space division. Thanks to this division is 

possible to simply adapt production process for different products, 

the entire production process is highly variable and thanks to 

obvious defining space for human operators and machines is 

minimized the possibility of collision between operators and 

machines. 
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