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Abstract 

This project explores about different aspects of level of automation from a theoretical 

point of view and reflecting upon them by validating the ideas through benchmarking 

some of the SMEs in Småland region. This report includes a detailed description of 

SME’s and its importance, which is then narrowed down to the challenges they face 

due to technological advancements and changing market.  

The main purpose of this study is to analyze the level of automation, the SME’s in 

Småland region have adopted currently. This pre-study is carried out to gather 

information on a variety of products manufactured and the production system strategy 

in practice currently and carry out a pilot study to provide a systematic approach 

towards changing the level of automation. 

In order to differentiate the SME’s in Småland region according to their automation 

level, concepts like automation pyramid and level of automation taxonomies are used.  

LOA taxonomies are used to divide the various operations and tasks between humans 

and the automated systems. Whereas the automation pyramid is used to categorize the 

SME’s to their respective automation level. A contrast analysis is carried out to 

illustrate the automation levels in different companies based on the findings. 

Finally, the report is concluded considering the levels of automation the selected 

companies represent from the study and the overall automation level is proposed. 

Further recommendations are provided for industrial standardization with respect to 

automation. 

Keywords: Small and Medium Scale Enterprises, Automation, Level of Automation, 

Automation Taxonomies, Automation Pyramid, Leasing. 
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1 Introduction 

This chapter describes the background of industrialization and its importance, followed 
by the purpose of pre-study on SMEs and the role of SMEs in today’s world. Further 
about the way of approach for this pre-study and formulating research gap with the 
research questions and delimitations to narrow down the focus of research. 

1.1 Background 

In today’s world, global competence and skill development are the two main streams 

of industrial automation. Many extensive efforts are made in developing and 

implementing automated production processes in manufacturing companies to increase 

efficiency and sustain high quality in production (Säfsten, et al., 2007). Increased 

automation in manufacturing processes was not only the primary concern of the 

industries but also automating the supporting tasks like material handling, transport, 

and storage (Säfsten, et al., 2007). In recent years SMEs have grown steadily and are 

trying to cope up with large manufacturing companies with periodic developments in 

their manufacturing facilities (Wadhwa, 2012). Even today, many small and medium 

scale companies are still operating with outdated practices failing to adopt newer 

technological enhancements due to lack of resources and financial constraints. Due to 

those outdated practices, companies are still struggling to reach maximum productivity 

to produce innovative and complicated product designs (Barton & Thomas, 2009). This 

is leading to threshold their network within a boundary limit, which if enhanced, could 

be strengthened to reach multinational companies for supply chain networking and 

smart operations. (Wadha, 2012; Grube, et al., 2017) 

In order to study and investigate research oriented industrial topics, the main problem 

is broken down into several sub problems as joint projects to carry through the problem 

in detail by SPARK. “SPARK is a research and education environment that will 

promote the companies’ development of knowledge intensive products and process at 

Jönköping University”. Other projects of SPARK include: ‘Solutions with service 

agreement and after-market sales’, ‘Digitalization of manufacturing and administration’ 

and ‘To increase energy efficiency of manufacturing processes’. In each and every  

project, SPARK’s researchers avail their caliber to uncover solutions to mutual 

challenges in the industry, or to encounter future opportunities through new innovation 

and processes. The result is a treasured development of the company’s operations which 

eventually also creates benefits for the region and society. This thesis work is one 

among the SPARK projects, ‘Exploring levels of automation related to SMEs’. In order 

to relate the theoretical exploration of levels of automation, this thesis work will 

benchmark the SMEs that are partners in the cluster Automation Småland. The purpose 

of Automation Småland  is to  develop the manufacturing industries to further increase 

their competitiveness to incorporate automation and digitalization in their 

manufacturing facilities, primarily in Småland and surrounding area (Automation 

Småland, 2020). 
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1.2 Purpose and research questions  

Small and medium enterprises are considered as the backbone of a national economy 

and plays a prominent role in the development of a country. Many challenges occur in 

SMEs while they are competing internationally with large and multinational 

organizations (Garsombke & Garsombke, 1989 ). SMEs contribute relatively lower 

scale economies compared to large firms, but it is known to be a significant contributor 

to employment growth and innovation (Paul, et al., 2017). These SMEs are the 

backbone of every other product manufactured and reached to the customer in all the 

parts of the world (Paul, et al., 2017). It is also seen that large firms can develop their 

resources over time and are also capable of conducting export activities. In contrast, 

SMEs lack such resources and capabilities and have very little chance to do export 

activities (Paul, et al., 2017). 

The study is focusing on exploring the level of automation incorporated in the small 

and medium scale industries in the Småland region. This pre-study is carried out to 

gather information on a variety of products manufactured and the production system 

strategy in practice currently and carry out a pilot study to provide a systematic 

approach towards changing the level of automation. The pre-study is subjected to 

carried out by the following research questions: 

1. What is the current status of automation adopted by SMEs in Småland region 
based on their products and services in production systems? 
 
In order to answer these research questions, we studied the scholarly derived 
scientific facts about levels of automation, types of automation 
and automation pyramid theory. The levels of automation describe 
about different automation practices in the industries with multiple taxonomies. 
Utilizing these concepts, we have categorized the companies based on different 
automation levels they are operating with. 
 

2. What are the different types of automation the companies in Småland region 
have developed? 
 
The second research questions answers about the types of automation, which 
describes about the physical system, where the automation type is dependent on 
types of products manufactured in the production system. 
 

3. What are the futuristic requirements for enhancing the automation levels of 
existing operations? 
 
The third research question is answered by analyzing the levels of automation 
taxonomies and automation pyramid theory, which describes about the 
industrial grading to determine the hierarchy of automation in an 
overall perspective by investigating the existing physical system. 

 

1.3 Delimitations 

In this thesis, the authors are focusing on investigating current technologies of different 

manufacturing systems that have developed a basic level of automation in their system 
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and those companies which are trying to incorporate automation. This work does not 

include detailed design of the parts and the technology they use. The authors are 

partially focusing on the IT automation, as these IT automation solutions are designed 

for technological advances of tomorrow, which will be flexible to add on new 

technologies and turn them into business opportunities. The authors are focusing on 

making a pre-study for SMEs in the Småland region to increase the understanding of 

the level of automation that is necessary for these SMEs to be competitive in the 

changing market and to provide a systematic approach towards changing the level of 

automation.  

This study is limited to the Småland region among certain selected companies because, 

firstly, considering the whole of Sweden has more significant boundaries for our limited 

period study. Further, the focus of SMEs in this region will be favorable to identify and 

reach with direct connections.  Finally, the research is carried out from the School of 

Engineering at Jönköping University, which is at close quarters of investigation as the 

authors are put up in the central providence of the Småland region. 

The next chapter of the report is the theoretical background which describes about the 

facts and theories utilized to analyze the findings in the later chapters.
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2 Theoretical background 

This chapter comprises of relevant theories about the level of automation, which is 

subjected to globalization and industrialization in small and medium-size industries in 

the Småland region. 

SMEs are considered as the baseline of all the produced goods and services reaching 

the common man and, SMEs play a crucial role in the economy generation. In Sweden, 

Småland region is known for the convention of manufacturing industries (Cressy & 

Olofsson, 1997). Since the 20th century, small and medium scale industries in the 

Småland region are mainly compensating for the national economy because 86% of all 

companies in Sweden are from the Småland region (European Comission, 2018). To 

make these industries perform better and create a new economy in the country, their 

performance should be to the level of modern technological advancements (Waehrens, 

et al., 2015). As automation and industrialization are the significant outcomes of 

advanced manufacturing, the levels of automation and industrial transformation must 

be enhanced eventually based on changing market requirements (Belotti & Claes, 

1999).  

Automation and industrialization have had a significant impact on the manufacturing 

organizations where it has created an environment of similar opportunities around the 

world. Hence the level of competition between different manufacturing industries 

increases eventually (Wadhwa, 2012). By considering all the possible global 

competition and threats, the manufacturing companies both large and small firms need 

to have a competitive manufacturing capability in essence to incorporating automated 

manufacturing systems as they are often regarded as highly efficient systems and 

potentially improves the competitiveness of manufacturing companies (Wadha, 2012). 

Manufacturing strategies are very much crucial for making time-specific, and market-

specific decisions that support competitive priorities, here automation does not 

constitute a plan, but the automation decisions are considered in several other decision 

criteria within the traditional manufacturing strategy field (Säfsten, et al., 2007). 

Researchers are now concentrating on Small and medium enterprises, where many 

small manufacturers face a lot of technological challenges due to continuously changing 

market (Cederfeldt & Elgh, 2005). These small manufacturers need to find an 

alternative to cope up with all those challenges and hence forcing them to consider a 

more cost-effective production system and operations (Cederfeldt & Elgh, 2005). 

Automation is one way of gaining a competitive advantage in the changing market 

where the design process could be more effective and efficient. Automation helps in 

reducing the lead-time of the product design, reducing production set-up time, increase 

in return on investment, increase in production, increase in profit margin, more 

optimized product designs and customer tailoring (Garsombke & Garsombke, 1989 ; 

Cederfeldt & Elgh, 2005).   

The following section of the chapter presents the significant facts on the SMEs context 

and the need for automation for SMEs. 
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2.1 Small and Medium Scale Enterprises context 

The definition of SMEs varies in different countries based on certain criteria such as, 

the number of employees and turnover. The below Table 1 represents how the SMEs in 

Europe have been divided into micro, small and medium enterprises (North & Varvakis, 

2016). 

Table 1: European Union definition of SMEs (North & Varvakis, 2016) 

Company category Employees Turnover Balance sheet total 

Micro Below 10 Below €2 Million Below €2 Million 

Small Below 50 Below €10 Million Below €10 Million 

Medium Below 250 Below €50 Million Below €43 Million 

When it is taken into focus regarding the development of the SMEs, there are four 

important factors to be considered for an SME to eventually improve their efficiency 

and competitiveness in an environment of distributed engineering and globalization. 

These four factors are low cost, short lead-time, improved product performance, and to 

adapt products to different customer specifications (Cederfeldt & Elgh, 2005). It is also 

important to have the right level of technology within an SME, so the overall company's 

strategic vision and direction are fulfilled (Cederfeldt & Elgh, 2005). 

Small and medium-sized enterprises face a lot of difficulty in adapting the skills 

required for the technological changes and for automating their production systems 

(Faller & Feldmüller, 2015). Usually, SMEs are characterized by production systems 

that majorly rely more on the human aspect as these enterprises are less automated 

(Grube, et al., 2017). The workforce in these enterprises cannot look ahead and beyond 

their product and product range to enter new areas as there is a minimal possibility in 

investing in new technologies to not lose money focusing on the wrong technologies 

(Gualtieri, et al., 2018). Proper training and education on the demanding technologies 

must be given to be efficient enough to survive in the globalized environment (Faller & 

Feldmüller, 2015; Grube, et al., 2017). There has been a lot of technological 

developments during the last decades where automation has been continuously 

improved, but still, the developments have not reached its limits. Further, to increase 

competitiveness, SMEs need to automate as many tasks as possible, and by 

incorporating communication network and databases that provide necessary 

information flow to achieve an efficient process (Barton & Thomas, 2009).  

Automation has solved a lot of challenges in every manufacturing industry, as humans 

are driven to automate every repetitive task by using different automation tools to 

improve the process, productivity, quality, and delivery times. Large firms are trying to 

implement and experiment with their manufacturing strategy through automation 

solutions as they have enough resources and capital. In contrast, SMEs are still 

struggling to catch up with industrial automation (Cederfeldt & Elgh, 2005). 
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SMEs must take the first leap into automation and produce high-quality products at less 

cost to retain their market share and to grow competitively in the changing market 

(Thomas, et al., 2008). SME automation benefits the industry in many aspects, and the 

most important advantages with SME automation are as follows 

• It helps in reducing human resource dependence, as the main objective of 

automating the manufacturing systems is to automate repetitive and unskilled 

tasks (Thomas, et al., 2008).  

• Automation has a direct impact on increasing productivity, hence increasing 

the profit margins (Thomas, et al., 2008). 

• Once the repetitive tasks are automated with robots or with any other automatic 

machines, we can expect increased product consistency, which results in a high 

-quality product output repeatedly (Thomas, et al., 2008).  

• Even though automation results in job cuts and layoffs, there is an opportunity 

for new and better jobs where skilled workers are recruited with higher payoffs 

(Thomas, et al., 2008).  

The following section of the chapter illustrates the definition of automation and types 

of automation system incorporated in the industries and the purpose of adopting 

different automation types. 

2.2 Automation  

Automation is a sequential process of following a predetermined set of operations with 

little or no human labor, using specialized equipment and devices that are used to 

perform certain operations and control manufacturing processes (Gupta & Arora, 

2009). Automation in the full sense is achieved by using all the specialized equipment, 

devices, sensors, actuators that can perform a variety of operations and making 

individual decisions concerning the changes that need to be made in the process. (Gupta 

& Arora, 2009; Webb, et al., 2015) 

Modern automation is mostly controlled by computer programs, where the sensor and 

actuators help in monitoring the process and control the sequence of events until the 

process is complete. Automation is a technology which deals with the applications of 

mechatronics and computer for production of goods and services (Gupta & Arora, 

2009). 

2.3 Types of Automation 

Automation consists of three types, fixed automation, flexible automation and 

programable automation based on the product variety and product volume produced in 

the production system (Gupta & Arora, 2009; Wan, et al., 2010). 

2.3.1 Fixed Automation  

Fixed automation is a system in which a fixed sequence of processing or assembly 

operations is carried out with the use of special-purpose equipment. Fixed automation 

is useful during high production rates and volume. If there are any changes required in 

the operations due to market changes, it will be challenging to accommodate such 

changes in the product design. (Gupta & Arora, 2009)  
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The high initial cost of the equipment can be unfolding over a considerable quantity of 

units, consequently making the unit cost more attractive compared to alternative 

methods of production. (Gupta & Arora, 2009)  

Advantages  

• Maximum efficiency 

• Low unit cost  

• Automated material handling- fast and efficient movement of parts  

• Very little work in process  

Disadvantages  

• Large initial investment 

• Inflexible in accommodating product variety  

• Relatively rigid in providing product changes 

 

Figure 1: Types of automation based on product variety and volume (Gupta & Arora, 2009) 

2.3.2 Programable Automation  

It is a type of automation where the equipment is designed to perform specific tasks and 

accommodate a class of product changes. In contrast, the processing or assembly 

operations can be changed by modifying the control program (Wan, et al., 2010). 

Computer programs control the sequence of activities where a set of instructions are 

coded so that the systems can read and interpret them. It is best suited for manufacturing 

products in batch and is used in low and medium volume production. (Wan, et al., 2010; 

Gupta & Arora, 2009) 

Advantages  

• Flexibility to deal with variations and changes in the product  

• Low unit costs for large batches  
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Disadvantages  

• The new product requires long set-up time 

• Hight unit cost relative to fixed automation  

2.3.3 Flexible Automation  

It is an extension of programmable automation where the equipment is designed for 

manufacturing a variety of products or parts, and the time required to change the 

products is very less, thus flexible manufacturing systems are used to make various 

combinations of products (Gupta & Arora, 2009). Changes in the system can be easily 

incorporated with flexible automation and can even quickly introduce a new product 

line with flexible automation (Webb, et al., 2015). 

Advantages  

• Flexibility to deal with product design variations  

• Customized products  

Disadvantages  

• Large initial investment  

• High unit cost relative to fixed or programmable automation  

 

Table 2: Attributes, advantages and disadvantages of types of automation 

(Gupta & Arora, 2009; Webb, et al., 2015; Wan, et al., 2010) 

Automation When to consider Advantages Disadvantages 

Fixed • High demand Volume 

• Long product life cycle 
• Maximum efficiency 

• Low unit cost 

• Automated material 

handling- fast and 

efficient movement of 

parts  

• Very little work in 

process (WIP) 

 

• Large initial 

investment 

• Inflexible in 

accommodating 

product variety  

• Relatively rigid in 

providing product 

changes 

•  

Programable • Batch Production 

• Products with different 

options 

• Flexibility to deal with 

variations and changes in 

the product  

• Low unit costs for large 

batches  

 

• The new product 

requires long set-up 

time 

• Hight unit cost relative 

to fixed automation  

 

Flexible • Low production rates 
• Varying demand 
• Short product life 

cycles 

• Flexibility to deal with 

product design variations  

• Customized products  

 

• Large initial 

investment  

• High unit cost relative 

to fixed or 

programmable 

automation  

The next section of the chapter presents the facts of levels of automation with several 

different automation taxonomies based on the periodic developments in industrial 

automation. 
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2.4 Levels of Automation (LOA) 

Automated systems have historically been explored as a binary function allocation, 

where both the human and the machine is assigned to a given task. Different level of 

automation generally specifies the degree to which a job is automated. (Endsley & . 

Kaber, 1999) More recently, intermediary levels of automation have been mentioned to 

maintain the operator involvement in system performance leading to enhancements in 

dealing with specific situations and out-of-the-loop performance problems. (Kaber & 

Endsley, 2004) 

Several different taxonomies of LOA have been developed and proposed as follows 

by (Sheridan & Verplank, 1978)  

• Human does the entire job up to the limit of turning it over to the computer for 

further implementation. 

• The possible options required to perform a task are determined by the 

computer 

• The computer analyzes the commands and suggests the best way of 

performing the operation, but the human may not follow. 

• The computer selects an action, and humans may or may not do it. 

• The computer selects action and implements it if human approves. 

• The computer selects an action, informs humans in plenty of time to stop it. 

• The computer does the whole job and necessarily tells humans what it did. 

• The computer does the whole job and tells human what it did only if human 

explicitly asks. 

• The computer does the complete post and decides what to be told tom the 

human. 

• The computer does the whole job if it decides it should be done, and also 

decides whether to tell human about the job.  

 

This taxonomy included has various allocations for determining options and selecting 

among them. This list mainly focuses on what humans should be told by the system, 

i.e., basically incorporating the issues of feedback. 

A LOA taxonomy was developed by (Endsley, 1987) in the context of the use of 

expert systems to supplement human decision making.  

• manual control - with no assistance from the system  

• decision support – tasks are done by the operator with input in the form of 

recommendations provided by the system 

• consensual artificial intelligence (AI) - tasks are done by the system with the 

consent of the operator required to carry out actions  

• monitored AI - tasks are done by the system to be automatically implemented 

unless prevented by the operator   

• full automation with no operator interaction  

These are more applicable to cognitive tasks where the operator’s ability to make any 

decision and respond based on system information is critical to overall performance. 

(Ntuen & Park, 1988) also developed a similar five-level taxonomy, which is seen as 
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identical to few selected levels of (Sheridan & Verplank, 1978). Further building on 

this work (Kaber & Endsley, 1997) developed a ten-level taxonomy of LOA, which are 

as follows. 

2.4.1 Manual Control  

The humans oversee all the operations where they perform all the tasks, which include 

monitoring the state of the system, producing overall performance options, selection of 

options to perform, and physically implementing the actions (Kaber & Endsley, 2004). 

2.4.2 Action Support  

Here the system assists the operator in performing a particular action, although some 

human control action is required (Kaber & Endsley, 2004). 

2.4.3 Batch Processing  

Even though humans generate and select the task to be performed, they are then handed 

over to the systems to perform those tasks picked by humans automatically (Kaber & 

Endsley, 2004). 

2.4.4 Shared control  

Here both humans and computers generate possible options to decide where the humans 

still have complete control over selecting the options to be implemented. In contrast, 

the action to carry out is shared between the human and the system (Kaber & Endsley, 

2004). 

2.4.5 Decision Support  

The computer generates a listing of decision options, which the humans can pick from, 

or the operator may additionally create his or her options. After the selection of the 

option is done by humans, it is turned over to the computer to implement. This level 

can act as a representative of many expert systems or decision support systems that 

provide alternative guidance (Kaber & Endsley, 2004). 

2.4.6 Blended Decision Making  

At this level, a listing of decisions is generated by the system, and the task is performed 

by selecting out of these decisions by the order if the individual consents. The human 

can agree upon the computer chosen option or can choose from the list of choices that 

was generated. Hence, this level represents a high-level decision support system which 

can select a decision among the different alternatives and later implementing the 

selected option (Kaber & Endsley, 2004).  

2.4.7 Rigid System 

 At this level, only a limited set of actions are presented to the operator by the system, 

the operator here cannot generate any other activities but must select from the collection 

of actions the system created (Kaber & Endsley, 2004).   
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2.4.8 Automated Decision Making  

This level automates the decision making by selecting the best option based on a list of 

alternatives it generates which are suggested by the human operator and then implement 

those option and carries out the action (Kaber & Endsley, 2004).   

2.4.9 Supervisory control 

At this level, the system generates an option and selects options to implement and 

carries out the action. The humans intervene only if necessary, where the operator can 

make a different option selection from those generated by the system or the one created 

by the operator, thus shifting to the Decision Support LOA, but the operator mainly 

monitors the system (Kaber & Endsley, 2004).   

2.4.10 Full automation  

The system in this level carries out all the actions, and the human is entirely out of the 

control loop and cannot intervene (Kaber & Endsley, 2004). 

The following section of the chapter describes about the standard industrial automation 

levels with the concept of automation pyramid theory. 

2.5 Automation pyramid  

The growing industrial automation requires IT systems to cope up with the challenges 

of complex manufacturing systems. It is essential to structure the functional aspects and 

the hierarchy of the complex manufacturing system to reduce complexity. Hence, the 

automation pyramid is mounted as a reference model. The hierarchical structure of the 

automation pyramid is still existing and very frequently used in production structures. 

(Körner, et al., 2019)  

 

Figure 2: Automation Pyramid (Körner, et al., 2019) 
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2.5.1 Level 0 or Field level 

The true value-creating production systems or manufacturing systems, such as the 

machining process, takes area at the lowest hierarchy level 0 (Körner, et al., 2019). The 

bottom of the hierarchy in the field of the network deals with sensors and actuators. At 

this stage, the most crucial aspect of communication is real-time behaviors, low latency, 

and being less nervous in managing various applications (Lennvall, et al., 2017). This 

level has devices, actuators, and sensors that are discovered in the field or on the 

manufacturing floor. These devices generate data that is important and required to 

perform process optimization or to detect problems in the production flow (Hoffmann, 

et al., 2016). The field level is a manufacturing platform where all the physical work 

and monitoring take place. Electric motors, hydraulic, and pneumatic actuators that are 

used to move machinery, photoelectric switches that notice and detect similar things 

are few examples at the field level (Lennvall, et al., 2017). 

2.5.2 Level 1 or Control level 

The next level generally referred to as the control level, where you manage and control 

the devices at the field level that virtually do the physical work. All the data and 

information are taken from the sensors, switches, and other input devices to make 

decisions that eventually complete the scheduled task (Hoffmann, et al., 2016). 

Production environments generally use programmable logic controllers (PLCs) which 

are a process control system that manages device based totally on a set of digital and 

analog I/O signals received from the assigned sensors and actuators on the components 

level 0 digital and analog I/O signals received from the attached sensors and actuators 

on the components level (Marinakis, et al., 2013). PLCs are digital computers which 

manage and control the signals of field devices like machinery or other components of 

industrial environments (Marinakis, et al., 2013). 

2.5.3 Level 2 or Supervisory level 

The next level is referred to as a supervisory level which utilizes Supervisory Control 

and Data Acquisition (SCADA).  

It is generally a combination of the previous levels where all the data are accessed and 

controlled from a single location and graphically displaying the status of the operational 

systems (Marinakis, et al., 2013). 

2.5.4 Level 3 or Planning level 

The fourth stage of the automation pyramid is known as the planning level. This level 

makes use of a computer management device known as a manufacturing execution 

system (MES) (Körner, et al., 2019). The entire manufacturing process from the raw 

materials to the finished products is monitored by MES, in fact allowing the 

management to see exactly what is going on and will enable them to make individual 

decisions primarily based on that information (Körner, et al., 2019; Sauter, et al., 2011). 

The scope of MES is to manage work sequences, part lists, and production receipts that 

are required to manufacture the finished products. MES generally operates inside one 

day or shift and is capable of reacting to unexpected activities like machine breakdowns 
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at a reasonable time (Körner, et al., 2019). Manufacturing execution systems 

accomplish the mission of short-term planning and create a bridge between the office 

and shop floor (Sauter, et al., 2011).  

2.5.5 Level 4 or Management level 

The top-level known as management level entails business planning and logistics 

(BPL), which involves planning the material demand, logistics, and inventory stock. It 

also defines the production program to be carried out based on the given production 

capacity and resource availability. Enterprise resource planning (ERP) is a tool that is 

used to execute the required tasks and to manage the inventory and resources (Körner, 

et al., 2019). 

The top level of the automation pyramid is generally formed by ERP systems that are 

typically product-driven, comprehensive frameworks aiming at complete integration of 

all the business procedures and functions along with procurement (Sauter, et al., 2011). 

The ERP system deals with material management production, logistics, maintenance, 

sales, distribution, financial accounting, asset management, money management, 

strategic planning and quality management. This evolution is made feasible as IT 

progressed and hence converging and integrating not only the manufacturing tools but 

also the engineering and financial systems and interfacing with external customers and 

suppliers, thus making the ERP system the hub of the entire information system. The 

software used in the ERP systems is modular and can be configured for any applications 

field (Körner, et al., 2019; Sauter, et al., 2011).  

The following section explains about the concept of leasing in the industries and its 

importance in SMEs, which is utilized in the conclusions chapter to provide 

recommendations based on the conclusions illustrated in the thesis work. 

2.6 Leasing  

Leasing is a financial operation, that a person or a company rents the product or product 

equipment for a certain or prolonged period of time based on the need of resources on 

a fixed monthly cost instead of buying (Weiss, 2003). 

2.6.1 Pros of leasing 

When it comes to buying an industrial equipment, financial aspects plays an important 

role basing the cost of the equipment and the recovery of the investment of buying cost. 

For small industries buying such expensive industrial equipment for their products 

production is a colossal investment. In such situations the equipment cost is way too 

high than the overall products produced from the equipment for the particular order the 

company is manufacturing for their customers. In this case, leasing will financially 

support the small industries for their operations by creating the basis for necessary 

resources (Danielson & Scott, 2006). 
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2.6.2 Importance of leasing in SMEs 

For many years leasing industry has played a crucial role in developing and supporting 

capital formation of manufacturing industries. Automated systems are very much 

required in the present market so that the system can operate with high efficiency and 

high adaptability to future demands. By incorporating flexible automated systems, it is 

easy to adapt the future product variants without a large additional investment. For 

SMEs it will be difficult to cope up with these future demands and one way to cope up 

with the competition and to incorporate an effective automated system is to temporarily 

rent or lease the type of automation system required (Neagle, 2010).  

The next chapter of the report is the methodology, which signifies how the research 

utilization for the thesis has been carried out to create a structural pattern of the 

research work.
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3 Method and implementation 

In this chapter, the authors are describing the different methodologies and method 
theories we are utilizing for the thesis work. This chapter elaborates on how we collect 
the data and how we scrutinize the data collected for our thesis work. 

In the sections of this chapter we are explaining about the research design, which 
involves detailed description of the work from selection of topic to conclusion of the 
thesis. Further it includes the data gathering approach and process, followed by 
literature review which explains the selection process to extract pre-defined facts from 
scientific research work. Finally explaining about the quality and reliability of the work 
for future research purpose. Each section of the chapter is explained by beginning with 
method theory and implementation of method theory in the authors application. 

3.1 Research Design 

Research design is a structural method chosen by the researcher to carry out the research 

work. Research design is a base that illustrates a reliable detailed structure and step by 

step process undertaken by the researcher to present the conclusion of his/her work 

(Williamson, 2002). 

 

Figure 3: Research Design (Williamson, 2002) 

The schematic representation in Figure 3 represents the research design and process of 

report writing. Beginning with the selection of topic, followed by carrying out literature 

review parallelly working on theoretical background and formulating research 
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questions. Further designing a research plan to make the research gap clear with the 

help of research question and reformulating research questions. Data collection is made 

from various sources. In order to make the report findings the authors analysed and 

interpreted data according to the requirement. Then, report analysis was made relating 

the findings with the facts mentioned in the theoretical background. Finally illustrating 

the conclusions of the study. 

3.2 Online properties 

Online properties refers to gathering data from online resources such as websites and 

digital libraries. 

The data was gathered from online resources such as companies’ websites, European 

commission survey data, Swedish industrial committee surveys and scientific research 

papers to illustrate the current scenario of the SMEs in Europe and further narrowing 

down our focus to Sweden and deep down to Småland region. By this way the authors 

enhanced the quality of data interpreted in the findings from the data they received in 

brief. 

3.3 Semi-structured Interviews 

Semi-structured interview is a process of gathering information in the form of 

interview, where the interview does not follow a listed of formalized questions. A list 

of questions are prepared to be asked to the interviewee and also improvising the 

discussion with additional questions based on the output of predefined questions 

(Williamson, 2002).  

The interviews were performed from various populations of the SMEs such as 

production managers, production engineers, sales managers and executive officers. The 

purpose of the semi-structured interviews is to gather qualitative data with specific 

questions and additional quantitative data for analyzing different perspectives of the 

collected data (Williamson, 2002). 

Semi-structured interviews were conducted with three different SME companies that 

develop and provide  automation solution to manufacturing companies. The persons 

interviewed had positions as Chief executive officer, Hardware design manager and 

Sales engineer.  The interviews were guided through specific questions and extend the 

topic based on the conversation delivery for additional information and clarification. A 

conceptual building was made based on the research questions to gather specific data 

from the interviewee. The interviews were also focused on the information needed for 

the improvements to be made in the organization.  

3.4 Observations 

Observation is a process of collecting data by visually illustrating the ongoing behavior 

having a physical presence in the situation (Williamson, 2002).  

Observations were made on company visits to identify the operations of the companies, 

types of products produced, and assess the manufacturing situations. Observations were 

made in highly automated production line, where the production system is completely 
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automated to perform operations from  the raw material to finished products, including 

quality check in the manufacturing facility. This automated production system performs 

operations such as, machining, fabrication, transferring the manufacturing products 

from one section to other and quality checks with infrared cameras and laser units. From 

the observations the authors illustrated the manufacturing strategy and physical system 

with which the company is carrying out their operations. In addition, we also identified 

the processes automated in the companies facility. This observation is based on the 

strategy of rapid plant assessment to define the quality of companies’ facility. 

3.5 Literature review 

The Literature review approach is used to establish various available information and 

theories regarding the mentioned areas of the study. Primarily, it is important to 

determine the background and context of the research before undertaking the research. 

Through literature review, it is possible to create a logical framework that is essential 

for any research.  

A systematic literature review is selected for this study because of the structured 

approach where all the relevant peer reviewed literature is identified first and then these 

literatures are evaluated based on the pre-defined inclusion and exclusion criteria. This 

process is useful when there is a specified aim and specified research questions with a 

targeted focus.   

Data collection is made by both qualitative and quantitative analysis. A literature review 

is done on scientific articles. The authors made an area of search in SMEs, operation 

strategy, system development, and automation levels. Database search was done 

through the primo search engine to access various domains such as Scopus, Science 

Direct, Springer, Google Scholar, ProQuest, and Emerald. The authors made search 

combination such as, "Globalization" OR "Industrialization" OR "Industrial evolution" 

AND "operation strategy" OR "operation technology" OR "Physical system" AND 

"Automation levels" OR "Robotics levels" AND "Small and medium scale companies" 

AND "Automation opportunities" OR "Need for automation". Selection criteria is made 

based on scientific articles with peer review journals and books. The focus is made on 

selecting the articles with date restrictions to identify and extract modern concepts 

between the years 2000 to 2019. Also, due to irrelevance of topics from majority of 

articles, it was challenging to gather enormous data. In this situation the authors also 

considered certain articles from 1980s and 1990s, where the authors of those articles 

had futuristic approach for automation in industrial practices.   

The authors found around 150 articles about the manufacturing-based SMEs. Most of 

the articles were focusing on business and financial aspects, which were outside the 

focus of study area. Further articles were sorted based on relevance of area of study,  

that is, SMEs which have incorporated automation in production systems. During the 

search process initially, it was challenging to find articles based on the particular field 

of study, but the authors made cross-linking with concepts to segregate relevant data 
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applicable to the study process. 13 articles were finalized from the gathered articles of 

SMEs production system with automation. 

 

Figure 4: Schematic representation of Systematic literature review (Williamson, 2002) 

Further  articles were gathered on automation. As automation is a vast topic of research 

and study, 700 articles were found. Where majority of the articles were based on 

mathematical calculations and computer programs. As the study was not focused on 

investigating deep into manufacturing a product or designing a system, the authors 

focused on the concept-based articles with a clear understanding about the topic. 

Further, the articles were substituted on level of automation in production systems. 73 

articles were found, but in those 30 articles were academic reviews. Finally, 15 articles 

were selected which focus on the level of automation and types of automation. 

Table 3: Selection of articles 

Sl. 

No. 

Keywords Number of 

results found  

Number of results 

found relevant to 

SMEs  

Selected articles 

for our thesis 

1 Physical system 7,950 150 13 

2 Automation levels 3,032 73 15 

3 SMEs 7,377 205 11 

4 Need for Automation 12,743 354 23 

In the initial search of manufacturing SMEs in Europe, around 205 articles were found. 

Out of which 11 articles were sorted out which elaborated about Swedish SMEs and 

the data was extracted from various sections of the articles. Finally, to answer the final 

research question, the search was made on articles based on need for automation, 
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around 354 articles were found out of which, 23 peer reviewed articles were selected 

with information about automation support to better performance. 

3.6 Pilot study 

A pilot study is a method of data collection which compensates to analyze and 

compare the data from other methods such as interview and questionnaires 

(Williamson, 2002). 

The purpose of carrying out a pilot study is to explore the case study in a broader 

perspective and for implementing a large-scale investigation to extend the probability 

of enriched results. The significant advantage of the pilot study is that it helps in data 

collection and analyzing the data with the phenomenal context, integrating qualitative 

and quantitative data, which is suitable for the method of data collection through semi-

structured interviews. 

From the findings the authors obtained information about the production system and 

operation strategies of SMEs. Detailed analysis is made linking every aspect of the 

production facility and operation with the automation pyramid theory and 

terminologies of various automation taxonomies. 

3.7 Research Quality 

The validity and reliability of research mainly depend on creating a robust research 

design and by conducting the research carefully by selecting appropriate methods and 

samples. These are essential concepts in modern research, as they are used for 

enhancing the accuracy of the assessment and evaluation of research work (Williamson, 

2002). 

Validity here is represented as the truthfulness of the findings. As the authors have 

adopted both qualitative and quantitative methods for data collection, the internal 

validity of the research is considered effective. Reliability refers to the stability or 

consistency of a measure i.e. if  research is associated with a high level of reliability, 

then the researchers must be able to generate same results using same research methods 

under similar conditions (Williamson, 2002). Systematic literature review technique is 

used to identify precise and relevant data required for the research, which adds on to 

external validity and reliability of the research.  

From this work, it can be exemplified that the quality of research is considered effective. 

Data gathered for majority of the companies is from the company’s websites, where the 

quality of information is accurate from the company professionals.  Semi-structed 

interviews were conducted from the experts who served in the company for the 

prolonged period of time, who had in-depth knowledge about the company operations 

and strategies in detail. The observations data is highly reliable because, the process 

was carried out by the authors as researchers with physical presence at the companies’ 

facilities. 

The next chapter of the report presents the findings, that is the data gathered from the 

online properties, interviews and observations. 
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4 Findings 

In this chapter, the authors are describing the background of various small and 
medium-sized companies in the Småland region and about their production systems 
concerning operations and management. This information is utilized to relate with 
respective theories in the theoretical background chapter to carry out a detailed 
analysis in the next section.  

The companies from which the findings have been carried out are pre-defined to be the 
member companies in the cluster Automation Småland. The authors utilized member 
companies in the cluster of Automation Småland to benchmark companies mainly 
based on the companies’ homepages as shown in Table 4. Further the authors narrowed 
down the company listing based on availability and feasibility to interact with 
companies and also depending on the availability of the detailed information from the 
company homepage which can be utilized and explored for the analysis of the project.  

Table 4: Benchmarked companies mainly based on their homepage 

Company Category Observations Interviewed 
Axellent Engineering Manufacturing 

SME 

Homepage, Own 

observation  

- 

Bufab Lann Ab Manufacturing 

SME 

Homepage, Own 

observation 

- 

Östrand & Hansen Manufacturing 

SME 

Homepage - 

Ages AB Manufacturing 

SME 

Homepage - 

Falks Metall AB Manufacturing 

SME 

Homepage - 

Ekatech AB Manufacturing 

SME 

Homepage - 

AB Pema Metall Automation 

Solution SME 

Homepage - 

LEROCON  Automation 

Solution SME 

Homepage - 

Bors Automation 

Solution SME 

Homepage - 

Datalogic Automation 

Solution SME 

Homepage Interview Person A: 

Sales Engineer 

3Button Group Automation 

Solution SME 

Homepage Interview Person B: 

CEO 

CNC Factory / DynaMate 

AB 

Automation 

Solution SME 

Homepage Interview Person C: 

Hardware Design 

engineer 

The authors have divided these companies into manufacturing SME’s and Automation 
solution SME’s in order to make it legit to the reader about the outcome of the 
companies. Companies listed and illustrated under manufacturing SMEs have 
implemented automation to a certain level and producing products related to automotive 
spare parts and mechanical components for various industrial sectors. Whereas, the 
companies listed and illustrated under Automation Solutions SMEs are providing only 
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automation solutions as their products to various manufacturing industries to be 
incorporated in physical system of those manufacturing companies, for example: food 
industries, logistics and automotive companies. 

4.1 Manufacturing SME’s  

4.1.1 Axelent Engineering 

Axelent Engineering is a company, manufacturing industrial safety fencing and 

brackets for wire channels. At Axelent, the physical systems are utilized based on the 

requirement of customization in the product variety. The production system is operated 

by the programming of the PLC (Programmable logic controller) and robotic 

technology to control the machinery of the production unit for operations. These 

machineries are integrated with a computer operated interface to manage the overall 

processes of the production plant. The company has a unique mechanism that can 

produce product solutions with both completely automated operations and with 

subsequent automation in particular subsystems. The choice of operation of the 

production unit differs basing the product design specifications. A variety of products 

have standard specifications that are programmable to the physical system, and the 

machinery performs the entire process of production from raw material to finished 

product, including quality check in the manufacturing facility. In certain product 

varieties that are customer-specific, the machinery is automated to perform only 

specific standard operations and by manipulating the subsystems, the mechanism is 

handled manually with human assistance. The company also offers services concerning 

robot programming and simulations, user interface Human-Machine Interaction (HMI), 

integration with parent systems with regards to master production schedule (MPS), 

replacement, and up-gradation of the control systems. (Axelent Engineering, 2020) 

4.1.2 Bufab Lann AB 

Bufab is the leading manufacturer of turned parts from small to large series in Sweden. 

Most of the operations are done by using latest technology and modern machines. Bufab 

is unique with their different set of machines types that they use to manufacture 

customized components where, single-spindle CNC lathe are used to produce small 

series products and for medium series multi-spindle CNC lathes are used and for large 

series round tables are used. These are expensive machines that despite high technology 

levels they quickly become outdated and hence it is important for these companies to 

use these machines for value adding processes. As most of the operations are done by 

CNC machines the tools required for those were orderly arranged in front of the 

machines where the tools are changed accordingly to the products they want to produce, 

and this changing of tools is done manually. The company follows pull system; were 

they produce products based on customer’s orders.  Preventive maintenance is done by 

the operators daily as the operator is given the ownership of the machine and must do 

the maintenance every day to ensure the machines run in full capacity. The company 

keeps up the production of complex products as they have separate machines to work 
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on complex products, as there is options to adapt flexibility by changing the machines 

parts for certain complex operations. (Bufab Lann AB, 2020)  

4.1.3 Östrand & Hansen 

Östrand & Hansen manufactures press tools, automation robot cells, feeders, and 

individual purpose machines with customer-specific designs and products. Östrand & 

Hansen have the capacity to handle from a small spare part job for a machine to the 

entire project of automation production equipment. Östrand & Hansen production takes 

place in the machine shop where the technology of the production system is upgraded 

to the latest to enhance the production quality. Östrand & Hansen has a 3D printing 

technology to demonstrate the prototype designs for the customers with every minute 

detail to provide transparency in their projects and fulfill the requirements of the 

customers. The production system at Östrand & Hansen is a semi-automated 

technology with an HMI system with the help of PLC. Assembly of the automation 

projects is carried out by experts to manufacture and assemble quality products and to 

keep up the delivery deadline of the customer. (Östrand & Hansen, 2020) 

4.1.4 Ages AB 

Ages is a Swedish industrial group that offer a leading-edge expertise in die casting, 

machining, welding, and assembly. The company is concentrated in manufacturing the 

products of medium sized to large series with extremely stringent quality requirements 

with the help of flexible and highly automated production units. The company 

specialize in die casting aluminum using vacuum technology which takes place in 

rational processes that use robots essentially fully automated machinery. The company 

maintain a targeted approach and are constantly investing in automation, because their 

high level of automation system guarantee robust processes and cost-effective 

manufacturing.  Machining materials like stainless steel, brass, iron, and aluminum is 

performed with outstanding technical expertise and with the help of advanced 

production equipment that guarantee precision, quality, and efficiency. The company 

also aims at being the best supplier of welded products where the welding work is 

carried out in a modern premise with very latest equipment to meet the changing market 

and growing technology. Assembly process is carried out once the components have 

been manufactured by means of die casting, welding, or machining where the latest 

technology is used with high level of automation with automatic feeders, PLCs, robotic 

welding, robotic assembly, robotic postprocessing and robotic quality inspection. 

(Ages, 2020)  

4.1.5 Falks Metall AB 

Falks Metall manufactures turned and milled parts using CNC lathes, transfer machines 

and longitudinal lathes. RFID labeling is done for 100% traceability throughout 

production. The company has a unique approach towards production, as they start the 

process by using a substance that is close to the final shape as it minimizes material 

waste and contributes efficiency in both time and cost. The process starts with a carrier 

where a pallet with a RFID attached label carries the substance around the production 
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facility which is fully automated to carry out operations like turning, grinding, curing, 

and washing. A fully automated inspection machine is equipped where they inspect 

both their own production and assignments coming from outside. The company also are 

equipped with induction hardening machine which is also automated where it is used 

to increase the surface hardness without affecting the core hardness of a material. Falks 

believe in investing in advanced measuring equipment’s and inspection machines as 

they guarantee high quality in their products and services. (Falks Metall AB, 2020) 

4.1.6 Ekatech AB 

Ekatech is a supplier of industrial automation equipment and is in the field for an 

extended period with prolonged experience. Ekatech is transforming ideas into reality 

with 3D solid modeling to provide precise mechanical creation by knowing the 

functionality of the equipment to enable perfection in the assemblies to perform the 

desired function of the system. Ekatech is manufacturing mechanical systems with 

advanced electronic circuits such as PLCs and programming the same. The production 

strategy is based on providing simulations for the customers with virtual designed 

solutions with design software and providing prototypes to the customers to the 

industrial solutions. Ekatech is also functioning as a consulting company to deliver 

solutions basing the electrical and control engineering along with machine safety. The 

team at the company is mainly working with software-based automation technology to 

provide its products and services to the customers. (Ekatech, 2020) 

Ekatech has incorporated automation in physical systems for manufacturing pallets 

with semi-automated robot cell technology with a single operator, Where the pallet 

material is placed into the turntable fixtures which are fed to the robot cells.  Here, the 

pallet material is arranged according to the dimension of the pallet and nailed by the 

robot. In this way, the operator is continuously feeding the robot cells with the material, 

and the robot is programmed with instructions to create a pallet and eject the finished 

pallet from the fixture. The robot operations are predetermined in the control panel, 

which already exists in the system; the operator has just to select the set of controls to 

be performed by the robot. The pallet fixtures are manufactured with sheet material 

cutting and bending technology in the company with the help of CNC machines. The 

accessories are of various dimensions according to the pallet variety ordered by the 

customers. (Ekatech, 2020) 

4.2 Automation solutions SME’s 

4.2.1 AB Pema Metall 

Pema Metall is designing and manufacturing individual purpose machines for all the 

sectors of industry. Pema Metall is operated by a flexible manufacturing system based 

on the customer’s specific designs. At Pema Metall, the production process of the 

machines manufactured is custom made parts and models. These designs are done in 

Ansys, Solidworks, and Mastercam, which are fed to the robot cells and devices for 

simulation before the initiation of the production of products. This system is accurately 
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compatible with design and manufacturing, producing high-quality products by 

minimizing the root causes of errors. (Ab Pema metall, 2020) 

4.2.2 LEROCON 

Lerocon produces specialized machines and machine parts subjected to resistance 

welding and especially with nut and bolt welding equipment. Lerocon’s production 

system is set up with a guided conveyor belt type for the input buffer. Here, the section 

is human operated to input parts for the robot cell. In the next section of the system, 

while entering the robot cell, the system is assigned with visionary technology that 

captures pictures and identifies the input parts and indicates the robots about the parts 

incoming and provides signals for which part to pick for the processing of the product. 

The system is assigned with twin robots, which helps to perform multiple tasks in 

shorter cycles simultaneously. Hence, the system is compensating for a high production 

rate and increased flexibility, which can continuously produce different varieties of 

products at a very high standard. The system has a PLC which is used to control all the 

communications in the entire production system, and all the settings are configured to 

operating panels around the production line as HMI. Every new setting is saved in the 

IT system of PLC, which helps for easy setup within shorter intervals during different 

categories of products manufactured. Confeeder, which means universal feeder, is the 

unique technology available at Lerocon, enabling flexible manufacturing in 

combination with other systems for flexible production with the integration of visionary 

technology for robot guidance. (Lerocon, 2020) 

4.2.3  BORS 

Bors is manufacturing press tools, individual purpose machines, and automation 

solutions with standard equipment, semi-automated machines, and fully automated 

machines for industrial purposes. At Bors, products are made by skilled professionals 

with modern machining technology, and the designs of product parts are fed to the 

devices with HMI technology. These product design files contain virtual models of 

product parts whose design specifications are imported into machines, which are 

converted into machine language to perform a set of machining processes to 

manufacture the product. Manufacturing consists of machine processing, evaluation of 

products, testing, and validation, which is human assisted by machine technology due 

to complicated product designs. Individual purpose machines and automation parts such 

as robot cells, automatic transfer lines, and control systems are assembled and 

programmed in the plant with human expertise. (Bors, 2020) 

4.2.4 Datalogic  

Datalogic is a company manufacturing laser marking devices, dimensioning devices 

and safety devices. The products are handheld scanners for reading barcodes and QR 

codes, fixed scanners with cameras for production lines with automatic conveyors, 

sensors for measuring dimensions and triggering issues. They also have optical sensors 

for multiple industrial application. Next is the handheld mobile computer which 

includes scanners, to scan the barcodes on packages, these are mainly used in logistic 



 Findings 

 31 

companies. Truck computers, a computer which is fixed in a truck for industrial 

purposes. At Datalogic they do not manufacture all the parts required for their products. 

They manufacture processors and housing parts. Parts such as camera and lights are 

purchased from other companies and complete assembly is carried out in their assembly 

unit. All the manufacturing and assembly is carried out in their plants at Hungary and 

Italy. In Sweden they are focusing on market sales to provide automation solutions for 

the industries. Datalogic’s marketing strategy is to study the market in which their 

products are applicable and introduce products into market in a preplanned target group. 

The development of the products at Datalogic plays an important role for the companies 

evolution. Datalogic is investing X% of their annual profits in new product 

development. Also, after market study is carried out from their customers basing their 

products in use regarding additional requirements and specifications for the upcoming 

products in the market. (Interview Person A, 2020; Datalogic, 2020) 

 

4.2.5 3Button Group 

3Button group is an automation entrepreneurial partnership with includes three 

companies, Front Automation, Fröjd Automation and IML Technologies. The 

companies work together with a shared management and have a collaboration for cross-

functional utilization of the expert personals and sharing of resources in a close 

environment. All three companies manufacture robot tools for various industrial 

utilization automation robot solutions in collaboration with their authorized partner 

ABB.  

Front Automation is working on the automation solutions with respect to automatic 

picking, packing and palletizing. The application for this companies are mainly food 

industries. Their automation solutions include; Fast Picking to organize and arrange 

products in a definite pattern, Tidy Packing to pack the products into boxes with the 

help of conventional robots and finally Palletizing, which means placing the boxes on 

pallets in definite manner and wrapping the pallet with plastic and make it ready for 

shipping. Palletizing also includes undoing the parcels from the pallet and handling the 

empty pallets to arrange in definite manner. (Interview Person B, 2020; Front 

Automation, 2020) 

Fröjd Automation is operating with supplying automation solutions for mechanical and 

automotive industries. Fröjd automation is manufacturing solutions such as machine 

tending and assembly operations for manufacturing industries. Machine tending 

includes, loading and unloading material for CNC machines and injection moulding 

machines. In contrast the robots can also perform multiple operation for the 

manufacturing industries to produce high quality final products which demands no 

additional manual operations for the quality assurance of the product. Mounting tools 

manufactured by Fröjd are the quality mark for accuracy in assembling the simple to 

complicated assembly units. These robot solutions utilized for assembly units have 

traditional feeders technology and robots with vision system, and the team are experts 

in the area. (Interview Person B, 2020; Fröjd Automation, 2020) 
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IML ( IN-Mould Labeling) technologies is developing automation solutions for fast, 

robust and precise side-entry robots. These robots are equipped to enable precision 

labelling to the mouldings of the packaging materials such as containers and lids for the 

food processing industries. Post labelling these robots make a quality control inspection 

to check the label placement position, readability and consistence of labelling on the 

products to maintain flawless and accurate labelling quality. The robots are also 

equipped to handle equipment with side-entry robots for rapid injection moulding of 

the containers and lids. At IML the team is providing solutions for both manufacturing 

of containers moulds and also labelling of the same in variable applications. (Interview 

Person B, 2020; IML Technologies, 2020) 

The workshop in all the three companies is an empty space when there are no project 

works in process. As these partner companies produce automation solutions to different 

industrial sectors, they have wide verities of applications of their products. The 

operational strategy of the companies is as follows; they begin with preparing drawing 

of the orders received with all the different part drawing of the automation equipment 

to be built. Further they purchase all the spare parts, electrical and electronic devices 

required for building the equipment. Then the assembly or building of the equipment is 

carried out in the respected company’s workshop with completely manual operation. 

Finally, the automation equipment is programmed to perform specific operations based 

on the application of the equipment in the particular industrial sector. As the orders 

received are customer specific and each project handled is unique and identical, the 

ability to develop automation in their system is not appropriate with the physical system 

mechanical operations. But the programming language incorporated to the automation 

system for equipment operations is repeatedly utilized in various projects the partner 

companies have been carrying out. They have been using the same software in different 

application to program the equipment. There is an opportunity to develop automation 

programming for the automation equipment in repeated applications and similarities in 

the projects from the customer orders. (Interview Person B, 2020) 

4.2.6 CNC Factory/ DynaMate AB 

CNC factory is an automation solution company that provides automation equipment 

and industrial robots to manufacturing companies. They provide tailor-made solutions 

to solve the complex and difficult problems in existing production equipment. The 

company analyzes the existing problem of the customers and tailors a solution around 

a detail or a specific task, and the solutions provided are optimal based on price and 

performance. The company mainly focuses on increasing the productivity and 

efficiency of the customer’s production processes by providing development strategies 

and streamlining the work structure, that suits best to the customer business. The 

company mainly focuses on modernizing an old machine by changing the control 

systems and necessary electrical changes because the cost of buying a new advanced 

machine would be very expensive, this is one of the unique approaches the company is 

following in order to compete with other automation solutions companies. (Interview 

Person C, 2020; DynaMate AB, 2020) 
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The customer gets an assessment of the possibilities for improvising their production 

processes and maintenance. CNC factory also provides necessary services based on the 

customer needs by working closely with customers to provide guidance and coaching. 

CNC factory is a partner of Siemens MindSphere and hence they have the opportunity 

to effectively help the customers in digital transformation ensuring increased 

productivity and efficiency. Mechanical renovation services are provided by the 

company where they perform renovations on NC machines by completely analyzing 

the entire machine from the components such as control systems, motors, cabling and 

lubrication systems and cost-effective solutions are provided so that, the machines 

perform effectively and efficiently. The mechanical life of a machine is much longer 

than that of the control systems or any other electrical equipment. To have better 

operational safety, access to spare parts, operator environment, higher productivity and 

better quality can be achieved by installing a new CNC on an older machine. CNC 

factory also provides control system services by modernizing the old machines to cope 

up with the technological advancements and changing market. (Interview Person C, 

2020; DynaMate AB, 2020) 
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5 Analysis 

In this chapter, the research questions are answered by linking the findings with various 

theories that are elaborated in the theoretical background chapter. This chapter 

delivers the data regarding the level of automation of the current state in the SMEs, the 

development phases of the SMEs and expected technological advances by the firm 

managers in different domains of SMEs in Småland region. 

The first research question can be answered by considering all the LOA taxonomies 

which helps in dividing the various operations and tasks between humans and the 

automated systems. All the companies listed in the findings has certain level of 

automation in their manufacturing systems and hence with the help of these taxonomies 

it can analyzed whether the manufacturing process is under direct manual control or 

semi-automated or if the company can cope up with 100% automation. Many operations 

are done automatically where the system generates a list of options that it would be able 

to perform, and a human operator has to select from those operations. for example, all 

the operations that are performed on a CNC machines requires a human assistance. 

Some process is programed to the machines where the tasks are performed 

automatically without any assistance from the operator. 

Table 5: Grouping benchmarked companies based on automation levels 

Automation 

levels 

Manual  

operations 

Level 0 /  

Field 

Level 

Level 1 /  

Control 

Level 

Level 2 / 

Supervisory 

Level 

Level 3 / 

Planning 

Level 

Level 4 / 

Management 

Level 

Levels 

indication 
Completely 

human 

assisted 

Sensors 

and 

actuators 

PLC SCADA MES ERP 

List of  

companies  

AB Pema 

Metall 

 

Datalogic 

 

3Button group 

 

CNC Factory 

 

BORS 

 Bufab Lann 

AB 

 

Östrand & 

Hansen 

 

Ekatech AB 

LERCON Axelent 

Engineering 

 

Ages AB 

 

Falks Metall 

AB 

 

The above Table 5 represents the grouping of companies into different automation levels 

based on their manufacturing strategy and physical systems. Each company listed in 

our findings is segregated based on their industrial standards of operation. 

AB Pema Metall, Datalogic, 3Button Group, CNC factory and Bors being automation 

solution companies are providing unique customer specific automation solution 



 Analysis 

 35 

equipment for their customer companies. These companies are listed under manual 

operations because as there is no inhouse automation facility. Every part of the 

automation solution equipment is completely built by human. The procedures begin 

with planning to build the automation solutions with computer drawings based on 

customer specifications. These drawing contain sub-assemblies of various part designs 

of the equipment or project undertaken by the companies. Parts required for building 

the equipment are purchased from different merchants and brought together to assemble 

them in their respective workshop with industry professionals manually. These projects 

have complicated designs as every project is unique and applicable in different sectors 

of industries. The projects have long lead time which goes on for several weeks of the 

year based on the scale of the project. These operations are related to the taxonomies in 

level of automations (LOA) to Manual Control. The operator oversees all the operations 

to be performed and plans the entire assembly of the equipment from purchasing the 

material from merchants for dedicated parts and making an order for customized spare 

parts required for the equipment from their respective suppliers. Hence these companies 

are considered not to be illustrated basing the concept of automation pyramid. 

Bufab Lann AB, Östrand & Hansen and Ekatech AB are categorized under Level 1 or 

Control level in the automation pyramid. All these companies production environment 

utilizes programmable logic controllers (PLC) which manages and controls the inputs 

given by the operator to perform a dedicated task.  

Based on the taxonomies of LOA at Bufab, Action Support is applicable when changing 

tools for the CNC machines to perform the machining process required for the particular 

product to be produced. Batch processing is applicable when the operator provides a set 

of input controls to the PLC and CNC machines initiates the production for a particular 

dedicated batch of products to be produced. For example: nuts and bolts. Blended 

decision making is applicable when the particular product is to be produced in the CNC 

machine. During the selection of machining process to be imposed for the product, the 

PLC suggests certain options to be performed from predetermined programs 

incorporated in the system. But a common machining processes is not applicable for 

every material grade of products produced. So, the system suggests a set of operation 

sequences for the specific design of product. Then the final decision is made by the 

operator to select from the suggested decisions or make a new decision.  

At Östrand & Hansen, Shared control taxonomy is applicable as the system generates 

possible operations that the system can perform, and operator assists to addition or 

elimination of set of actions in the sequence. This procedure is applicable in press tools 

and automation robot cells manufacturing and feeders. In contrast, the assembly of the 

automation projects are carried out manually by the experts. Here all the sub assembly 

parts are manufactured in their facility with the incorporation of automation, but 

assemblies are done manually due to customer specific designs. 

At Ekatech AB, Action Support and rigid support taxonomy is applicable. Action 

support is related to the manual operation performed by the operator to feed the pallet 

material for the robot cells and the robot simultaneously prepares the pallet and 
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automatically ejects outside the cell arranging the pallets in a definite manner one on 

another. Rigid support is related to the system functions as the system has limited set 

of dedicated actions to perform for pallet manufacturing. So, the operator has to select 

a dedicated action based on the specifications of different pallets used in industries. For 

example, FIN pallet, EUR pallet etc., and the robot performs the procedure and gives 

out a final finished pallet. 

 Lerocon is categorized under Level 2 or Supervisory level in the automation pyramid. 

As the manufacturing process involves a robot cell which are programmed with PLC to 

identify the input parts and to select a particular part for the desired operation. Coming 

to the taxonomies of LOA, supervisory control is applicable as the system generates 

option of its own by visualizing the input parts with the visionary technology 

incorporated in the system. After visualizing, the system selects the operational actions 

to be imposed on that particular product specification and performs the job. 

Axelent Engineering, Ages AB and Falks Metall AB are categorized under Level 3 or 

Planning level of automation pyramid. According to the taxonomies of LOA, full 

automation is applicable for these companies and also supervisory control is applicable 

in the necessary conditions when the system malfunctions. All these companies have 

manufacturing execution system (MES) where the process from raw material to the 

finished product is monitored allowing the operators or the management personals to 

keep a track on the process and to make any certain changes or decisions during the 

production process. Only in certain specific product designs the physical system is 

manipulated to perform special actions for particular product designs. 

The second research question can be answered with respect to the analysis provided to 

the first question. 

Table 6: Types of automation adopted by different companies 

Fixed Automation Flexible Automation Programmable Automation 

Bufab Lann AB 

 

Östrand & Hansen 

Ekatech AB 

Lerocon 

Axelent engineering 

Ages AB 

Falks Metall AB 

Bufab Lann AB 

Östrand & Hansen 

Axelent Engineering 

Ekatech AB 

Lerocon 

Falks Metall AB 

In Table 6 the companies have been segregated into different automation types based on 

their products manufactured and availability of the physical system and the company’s 

operating strategy. Further each company’s physical system, operating strategy and 

products produced are described in detail, which motivated us to segregate these 

companies based on the type of automation each company has chosen for their 

operation.  



 Analysis 

 37 

Bufab Lann AB comprises of fixed and programmable automation in their production 

system. As the company is producing products in terms of batches and fixed sequences 

of operations which are carried for a number of dedicated product designs. Whereas 

programmable automation is applicable for changing the set of batch production from 

one product design to another. 

Östrand & Hansen comprises of flexible and programmable automation in their 

production system. In the production of press tools and feeders manufacturing the 

milling machines perform different operations based on the incoming products with the 

same tool. Here the machines are programmed with PLCs to perform multiple action 

on different set of products. Even the robot cells dimensions are variable for different 

section and the system performs a sequential operation with variable dimensions of 

cells to be produced. 

Ekatech AB comprises of flexible automation and programmable automation based on 

their different dimensions of pallets produced. These commands for pallet design or 

dimension are programmed into the PLC and the robot with guided access performs the 

particular pallet from input material. 

Lerocon comprises of flexible and programmable automation in their physical system. 

Based on the input parts fed into to robot cells the visionary system identifies the 

incoming parts and pick them to fit to desired product for resistance welding or nut and 

bold welding. In order to identify the parts incoming, the visionary system is 

programmed to identify the part based on predetermined part information incorporated 

in the PLC unit. 

Axelent engineering comprises of flexible and programmable automation in their 

physical system. The robot cells have different dimensions in different sections, the 

system measures the input material to cut the metal bars to their desired specification. 

Further these metal bars are arranged in a desired pattern for welding and a robotic arm 

welds the arranged pattern to produce different section parts of robot cells. To perform 

these operations the system must be incorporated with flexible manufacturing. And to 

implement flexible manufacturing to be automated, programming is crucial. Hence, 

programmable automation is adopted in the production system with master production 

schedule (MPS).  

Ages AB has adopted flexible manufacturing system. The company is operating with 

procedures such as die casting, machining, and welding of various product designs in a 

flexible production line. Postproduction, these manufactured parts are used for variable 

product designs where the assembly system adopts the flexibility of the incoming parts 

and picks specific part required for particular product assembly.  

Falks Metall AB comprises of both flexible and programmable automation in their 

physical systems. In order to manufacture turning and milling parts, a fully automated 

machine carryout operations such as turning, grinding and curing, as these operations 

vary from product to product, a flexible manufacturing system is adopted. A fully 

automated inspection machine is equipped in order to inspect the quality of the 
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produced parts where these automated inspection machines are incorporated with PLC 

programming with different types of possible flaws in the products. 

The third research question can be answered based on the inputs provided for the first 

two research questions. From Table 5, the companies listed under manual operations are 

producing automation solutions to customer specific orders. As each order is unique 

and unidentical, it is a challenging scenario for those companies to implement 

automation in their physical systems. Currently these companies are programming 

every new order from the start. But these programs have been repeatedly utilized in 

several project orders. If these programs are stored in a system with multiple probability 

sequences for different set of operations produced by the equipment, it would 

compensate to develop a programmable automation system for the future projects. By 

this way, the automation solutions equipment can be programmed automatically based 

on the set of actions the equipment should perform, from the predetermined programs 

in the system. The system should be integrated such that it automatically identifies the 

product operation and programs the desired predetermined operational program from 

the system to the product or automation solution equipment.  

The companies on level 1 or control level and level 2 or supervisory level can be further 

automated by incorporating guided conveyors or tracks in the production facilities to 

transfer products from one section to other section without any human assistance. By 

this way, the companies on level 1 can reach the companies in level 3. Where the 

companies in level 3 or planning level are completely automated to produce a product 

from raw materials to finished goods. The companies in level 3 are already up to today’s 

automation industrial standards but reaching level 4 or management level with full-

fledged automation is futuristic. As level 4 requires standardization of each 

manufacturing sector which is a challenging scenario for many industries as financial 

constraints plays an important role. This situation to reach level 4 in automation by 

standardizing the complete industrial sector can be a source of future research.  

Many SME’s that are listed in our findings are hoping to reach the management level 

which is formed by enterprise resource planning that are product driven, aiming to 

integrate all business operations from material management, production, logistics, 

maintenance, sales and distribution. Currently these SME’s lies under the first three 

level of the automation pyramid.    
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6 Conclusion and recommendation 

In this chapter, the conclusion of the pre-study is based on the analysis from the 
previous chapter and some recommendations are presented based on the research. 

The pre-study illustrates the level of automation in the SMEs in the Småland region. 

Majority of the automation solution companies in Småland region are completely 

manually operated due to the complex design constraints in customer specific orders. 

But manufacturing SMEs have reached level 1, 2, 3 in their respective segments of 

products produced. From Table 5 companies such as Bufab Lann Ab, Ōstrand & Hansen 

and Ekatech Ab are operating with PLCs in level 1 which are closely approachable to 

level 2 or Supervisory level. And the companies such as Axelent engineering, Ages Ab 

and Falks metal Ab are operating in level 3 or planning level of automation which 

clarifies they have already incorporated level 2 automation in their system. Lerocon on 

level 2 is in place. Therefore, majority of manufacturing SMEs have already 

incorporated level 2 automation and few SMEs are approachable to level 2 automation. 

On an overall scale considering the automation levels of all the companies the level of 

automation in Småland region from the selected companies in the study are considered 

as level 2 or supervisory level as shown in Figure 5 below.  

 

Figure 5: Schematic representation to Level 2 automation  

Based on the LOA taxonomies, supervisory control is applicable as the system develops 

a set of predetermined action to perform the particular task but even then, in case of 

special situations human touch is necessary to guide the system. For example, a 

computer is integrated only to perform a set of operations during the production system. 

If there is a fault which malfunctions the production process, the system stops the 

production process requiring human assistance to continue further. Even if the system 

is integrated to access the malfunctions and make a fault correction by itself for certain 

problems identified, when a new problem occurs, which the system is experiencing for 

first time and not integrated in the predefined commands of system, again human 

assistance is necessary. 
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6.1 Recommendation 1 

From the study it is recommend that automation equipment leasing can help to develop 

the automation in SMEs in Småland region. Today the major constraint for any SME is 

the economy. To incorporate automation solutions in a manufacturing system on an 

average for each equipment it costs approximately around 2-3 million SEK (North & 

Varvakis, 2016). If this equipment is provided with leasing to the SMEs, their standards 

could be uplifted. There are majority of companies who provide automation solutions 

having lack of orders and facing financial problems as the company is not in operation 

consistently. Because the equipment manufactured is expensive and this equipment is 

built only on customer specific orders. These automation solution SMEs are targeting 

only MNCs as their customer groups who are affordable with expensive equipment. 

But with the concept of leasing the manufacturing SMEs attain a capacity to afford this 

expensive equipment at lower finances and also develop their company’s automation 

levels.  This results in high productivity and helps in manufacturing complicated 

designs of products with ease and also spread their product variety in the market. By 

this way the scale of the company is increased welcoming new customers.  

From the automation solution SMEs view, they have continuous orders and circulating 

revenue by leasing the equipment to SMEs and also periodically enhancing the 

equipment based on the technological advancements and additional application needs. 

These manufacturing companies can become permanent customers for the automation 

solution SMEs, creating continuous revenue and providing new services for the 

equipment. Any latest equipment becomes outdated after a period of time. To cope with 

it, continuous development is necessary. This integration of manufacturing and 

automation solution SMEs can lead to huge technological advancements and also 

making developments periodically maintaining the standards up to date. 

Advantages: 

• Circulating and continuous revenue 

• Technology up to date 

• Affordable financing 

• Increase company scale 

• Increases customers 

• Build relations in the sector 

• Ability to use latest equipment  

• Tax benefits  

• Improves cash flow 

Disadvantages: 

• Expensive in long term 

• Cannot cancel leasing in between during low production volumes 
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6.2 Recommendation 2 

Based on the concept explained in recommendation 1, there are disadvantages of the 

cost of equipment leasing becoming more expensive than purchasing the equipment. 

And cannot cancel the leasing agreement until the stated period on the contract, if there 

are any fluctuations in the production volumes. In order to overcome these 

disadvantages, there can be a mutual agreement between the manufacturing and 

automation solution SMEs to attain the ownership of the leasing equipment after a 

certain period of time. But, in this case the maintenance services should be chargeable 

on the lessee. Otherwise it will be a loss to the leasing company by giving away the 

ownership after a period of time and also bearing the maintenance of the equipment. 

Because during the leasing period the maintenance of the equipment is taken care by 

the leasing company. 

Advantage: 

• Ownership gain by lessee 

Disadvantage: 

• Ownership lost by leasing company 
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