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Abstract 

In the recent years, substantial shifts of advanced technologies have enabled more and more 
companies to adopt and implement innovation strategies within their products and 
operations. Industries tend to behave more flexible in order to stay updated to new 
significant technological shifts. On the other hand, the need to remain productively stable, 
makes strategies towards innovation necessary for numerous corporations in order to adapt 
to an ever changing commercial, social and technological environment. Innovation 
represents one of the main factors that allow followers to achieve success and depending on 
the radical content, innovation leads companies to beneficial results. An innovative 
approach based on technological, business and market development, drives companies 
towards the exploitation of the full potential of innovative methods, while striving to achieve 
high flexibility and productivity. In this thesis an industrial case at Ericsson assembly lines is 
studied, current hurdles are defined and potential innovative strategies are analyzed. The 
study aims at providing a theory on a methodology that can support a business project at 
Ericsson Corporation in defining innovative applications and seizing the full potential of new 
conceptual frameworks which increase innovativeness and create new more productive and 
flexible logics. 
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1. Introduction  

The existing market place in telecommunication equipment industry has certain boundaries 
and companies tend to compete against each other by optimizing their products or 
processes in known and conventional ways, in order to obtain a greater market share and 
increase their revenues. This conservative method may require extensive effort to achieve 
just a small market share increase. Hence, innovation is a vital characteristic as it provides all 
the necessary attributes to a corporation in order to expand and at the same time not use 
the existing competition as benchmark. That is the reason why telecommunication products 
and services followed a dramatically change over the last twenty years as a consequence of 
that significant and rapid innovation. 

While the innovation itself seems vital, a challenge for corporations may be to figure out 
how innovation arises. There is a large number of different types of innovation adopted from 
different corporations and the strategy or the way of achieving innovation may vary in each 
one. For example, some corporations focus more on the innovative products requiring 
extensive research and development at the product itself, towards the creation of 
something new, while others focus on the innovative methods. The adoption of those 
methods procures new solutions and innovative outcomes to products and services. Even if 
the type may differ, the main objective of the corporation is to arise and deliver the value of 
innovation. The challenge of the management is not only what would be the innovative 
products and processes across the supply chain, but also how to develop a culture where all 
employers and functions of the corporation seek to innovate. This culture is known as 
innovativeness. 

The nature of telecommunication industry is characterized by a high complexity level as the 
number of products and variants being produced increases as a consequence of the rapid 
innovation. To meet this increase in complexity, corporations need to increase the flexibility 
in their production systems but still keep the same level of productivity or preferably 
increase the productivity at the same time. In order to achieve that and minimize the waste 
of change, corporations tend to use optimized methods and implement lean strategies. 
Additionally, as there is a constant request for new upgraded products and versions, a 
structured process is needed based on continuous interaction and learning among the key 
cross-functional stakeholders. That learning environment has far and away the greatest 
impact on the revenue from the new products. Creating a better environment of continuous 
innovative process is what lean innovation does so well (Sehested & Sonneberg, 2011). 

Lean innovation mostly stands in contrast to conventional corporations’ approaches to 
product specifications where totally new processes expend enormous effort to meet the 
new specifications. This leads to complicated dedicated processes, too slow and expensive to 
implement, that increase the final cost and time that the product needs until it reaches the 
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market. As Sehested and Sonneberg suggest, by combining the lean perspective with 
innovation research, new abilities towards flexibility, innovativeness and productivity appear 
that can fully benefit companies from the innovation potential (Sehested & Sonneberg, 
2011). 

 

1.1. Research Objective and Research Question  

The research question of this study is divided into two parts: 

 What is the relationship between lean innovation and flexibility of manufacturing 
systems? 

 How does continuous innovation relate to production system’s flexibility and 
productivity? 

The objective of the study is to identify how a corporation can use efficiently new process-
driven methodologies to innovate their products and operations. Traditional and modern 
innovation theories and strategies point out the main elements that can affect the success of 
an innovation process. It is crucial for a corporation to identify the method that valorizes the 
strategies, towards lean and continuous improvements. Continuous improvement is the vital 
element to keep a corporation always updated and innovative. Thus, it is important to 
underline the links between innovative technology and production methods and explore the 
connections among user needs and product or process functions. 

Particularly, it is essential for the large corporations in telecommunication industry to keep 
innovative and profitable in order to maintain the sustainability in long term. As a 
consequence, in order to seize the innovative production realizations in those large volumes, 
manufacturing systems need to be driven from flexibility and high productivity behaviors. 
This can be achieved with the use of methods and tools for efficient planning and analysis of 
flexible production sets related to high yielding solution. 
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2. Literature Review  

2.1. Production Innovation 

It is necessary to define what the mean of “innovation” is, since it should be connected in 
advance within the terms of this thesis. Innovation, originated by the Latin word “innovare” 
meaning “to change”, is the process of creating value in order to cover new market and 
customer needs, or existing needs in new differentiated ways. 

Innovation has been long connected to the important factors of an economic and 
sustainable growth. At the same time, innovation is related to numerous drivers that lead to 
business growth and profitability and has several dimensional concepts. Especially, 
innovation engagement at a large organization is very difficult to determine and very 
complex to perform equally to every single production system. In that point, it is important 
to clarify the concept of the production system and its limitations and then identify the way 
to measure innovation related to system’s objectives. 

In J.T. Black’s textbook “Factory with a Future”, a production (or manufacturing) system is 
defined as “a collection or arrangement of operations and processes used to make a desired 
product or component. The production system includes the actual equipment composing the 
processes and the arrangement of those processes” (Black, 1991, p. 18). Those processes are 
called the sub-systems consisted of equipment, work force, material input, process 
specifications and information flow. Towards higher levels of improved output productivity, 
a process continues to develop through incremental changes in several variables, some of 
which are stimulated by internal or external changes (market need, volume). This evolution 
arise with a characteristic development pattern, where process becomes more capital 
intensive, direct labor productivity improves by a more discrete labor specialization division, 
material flow takes more straight line flow quality, product design gets more standardized 
and process volumes are set to higher states (Utterback & Abernathy, 1975). 

From the marketing perspective, new products are also important for the sustainable 
production system’s growth. Based on Ronald E. Goldsmith and Gordon R. Foxall analysis 
(Groldsmith & Foxall, 2003), the different types of new products are the following: 

• Modifications; known as the ‘new and improved’ versions that may be minor 
changes that replace the existing version 

• Line extensions; include different varieties of the product such as new formulas, 
packages, sizes that have been released as an extra and co-exist with the existing 
version 

• Brand extensions; an extension strategy where company adds the brand name onto 
different category products from the existing 

• New brands; the product remain in the same category but the brand is new 
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• Innovations; referring to a new-to-the-world product that may replace the existing 
version or co-exist, but the new product has nothing similar to the existing one.  

In that classification, any of the first four types may be contained in the fifth type of 
innovation, but that is not necessarily in order to qualify as new products. Thus, all 
innovations can be new products but not all new products are innovations (Groldsmith & 
Foxall, 2003). Furthermore, Tomas S. Robertson (Robertson, 1971) suggested that new 
products can be grouped based on how continuous or discontinuous their effects are in 
consumption terms. At Robertson’s scheme, three categories are distinguished: 

Continuous innovation has the least disrupting effect on consumption patterns. The change 
of a product that radically replaces the existing is more often than a new product 
generation. 

Dynamically continuous innovation has more disrupting effects on consumption patterns 
than a continuous innovation. It still mostly does not create new consumption patterns but it 
involves the creation of a new product or the change of an existing one, distracting that way 
the consumption behavior. 

Discontinuous innovation affects the existing consumption behavior generating new 
patterns by involving on the creation of new-to-the-world products. 

The importance of innovation is becoming more and more critical for the development of all 
global industries and economies. This development can emerge through many combinations 
or forms of innovation. For example, the introduction of a new product, service or process 
by which a product can be delivered to the market. In addition, paradigm and position 
innovation are two other types of innovation, in which the underlying mental models of an 
organization and the context of the products/services are altered (Schumpeter, 1934). These 
changes can take several forms, known as the “4Ps” suggested by Tidd (Tidd, et al., 2001): 

• Process Innovation. The changes in the ways in which the products or services are 
created and delivered.  

• Product Innovation. The changes in the products or services which an organization 
offers. 

• Position Innovation. The changes in the ways in which the products or services are 
introduced to the market. 

• Paradigm Innovation. The changes in the mental models which shape what an 
organization is about. 

For the purpose of this thesis, which is focused on manufacturing systems, process 
innovation is analyzed in detail. As Utterback suggests, over the years, the research of new 
process and product technology has tried to identify consistent patterns within the sources 
of ideas and problem solutions that have been used, communication methods and features 
of successful innovations (Utterback, 1974). Earlier work suggests essential trends and 
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regular variations in the innovative development, but doesn’t offer a more detailed 
explanation or model of why these trends and variations are observed (Rosenbloom, 1974). 
In the following, various ideas are suggested from a model which predicts the changes in the 
process innovations and valorize the type of the strategic attempt based on the 
manufacturing system’s productivity and flexibility tendencies of the outcome. 

2.2. Lean Innovation 

Lean Innovation can simply be demarcated when production system works efficiently with 
knowledge of the innovation and continuous development. According to C. Sehested and H. 
Sonnenberg, the combination of innovation and lean strategy is about “getting smart fast”. 
Lean Innovation sets the foundation for production system development in three parts of 
efficiency, fist to do the right thing, then to do it right and finally to do it better all the time. 
(Sehested & Sonneberg, 2011) 

Do the right thing: To do something in the most efficient way in order to avoid waste 
according to the expectations. That is the key element to bridge the connection between a 
production system and the outer needs. The purpose is to communicate the always changing 
expectations of the external from the system environment and identify what are the 
conflicts and wastes. 

Do it right: To do the optimum planning of the production system leading to a solution. 
While trying to keep the production innovative, new challenges are determined. The need of 
a value stream can optimize the total value and generate a solution. 

Get better: To do continuous evaluation and development. Working with lean, underlines 
that it is essential for the production to make continuous improvements. There is always 
room for continuous development that can have significant impact on the final outcome.  

The view of innovation as the core procedure within a production system development 
could be set as a generic activity associated with business and technological growth. At this 
level of abstraction, the procedure is common to all types of firms and, according to Tidd, 
involves the following stages (Tidd, et al., 2001): 

Search: Scan the internal and external environment and process related threats and 
opportunities for changes and improvements.  

Select: Investigate the ways in which a firm can progress these signals in order to react. 

Implement: Turn the trigger idea into a successful product or service. Doing this in practice 
requires focus to the following steps:  

• Acquire the information resources in order to enable the innovation (current state 
research, benchmarking, strategic cooperation etc.) 
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• Execute the plan under conditions of uncertainty which require extensive problem-
solving 

• Launch the innovation and manage the procedure of initial adoption  
• Sustain adoption and practice in the long term – or review the initial idea and adjust 

it – re-innovation. 

Learn: Use the opportunity to learn from developing through this process so that a 
knowledge base (know-how) may be built that could improve the ways in which the process 
is managed for similar or alternative cases.  

2.3. Lean Manufacturing Development  

Lean Thinking is a popular business philosophy that has been adopted in number of different 
type of industries. Lean – derived from the successful methods of the Japanese automotive 
manufacturer Toyota – became internationally recognized as the optimization practice that 
aims to improve the organization by eliminating waste (Womack & Jones, 1996). 
Furthermore, it maximizes value-added work and reduces essential support. For the 
implementation of Lean, it is essential to adapt the methods to the features of the company, 
the suppliers and the clients. Lean also aims to reduce human effort, delivery time, stocks 
and production space to meet the demands of the customers and deliver products of high 
quality and low price (Staats, et al., 2011). 

As Feld points out, Lean manufacturing is constructed by five basic elements that are linked 
to each other (Feld, 2001): 

Manufacturing flow: This aspect addresses any physical changes needed. 
Organization: This aspect focuses on the employees’ roles and responsibilities and their 
development. 
Process control: This aspect includes the improvements needed in order to monitor and 
control the system more efficiently. 
Metrics: This aspect concerns the visible outcome coming from performance measures. 
Logistics: This aspect provides rules and methods for the control of the flow of material. 

According to Petersson, Lean has proven to be even more superior in high volume 
production. In order to be competitive and profitable, companies should make sure that 
they use their resources efficiently and try hard to reduce waste. A large number of 
corporations have analyzed their operations based on Lean and have had useful results 
concerning what is beneficial for the flow rather than for specific processes. In other words, 
Lean can be quite useful in order to move towards flow orientation (Petersson, et al., 2010). 

The way to successfully apply Lean is by producing and delivering at the right time. This 
means that the production is neither behind nor forward. The Just-In-Time (JIT) concept is 
also known as “the right parts in the right amounts the right time”. Following the JIT method 
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successfully eliminates the need for excess capacity (buffering). As Petersson suggests, JIT 
concept includes the following principles: 

• Takt: It refers to the volume that must be produced per time unit (Available work-
time per shift / Customer demand per shift). 

• Continuous flow: It means that the materials and products keep moving, which is 
accomplished by minimizing the waiting times (frequent transports, small buffers and 
batches, short distances between stops). It suggests that all parts are moved through 
operations from step to step with no work-in-progress (WIP) in between, either one 
piece at a time (one-piece flow) or a small batch at a time. 

• Pull system: It characterizes the system driven by the demand. This practically 
suggests that the information flow (triggered by the customer) follows the opposite 
direction from the last production process to the first (information flow upstream to 
the production flow) (Petersson, et al., 2010). 

In the textbook of The Toyota Way, Liker & Mayer recommend that through Lean, the 
elimination of waste can be achieved by methodical actions. At first, the development of 
process flow surfaces the problem. Also, instead of a push system, a pull system is ideal to 
avoid the overproduction (order-based system). Based on Heijuka1 and Jidoka2 the system 
must follow a leveling workload and can be interrupted only for quality issues. The 
standardization in every job keeps a constant progress in the process. Moreover, the use of 
visual control and pre-simulation tools, as well as the use of reliable and thoroughly tested 
technology can help prevent the possible errors and maintain the quality constrains (Liker & 
Meier, 2006). 

According to that Japanese method the elimination of the non-value-added waste usually 
reaches up to really high levels compared to the value-added work. Based on Chiarini’s 
analysis, the non-value-added waste is broken down into seven different types of waste 
(Chiarini, 2013): 

1. Transport: Any product movement between processes that are not necessary  
2. Inventory: The raw materials, the work in progress (WIP) and stored, finished 

products  
3. Motion: Any movement performed by humans that is not necessary 
4. Waiting: The time before the next process begins 
5. Over-processing: The processing goes beyond the customer’s requirements 
6. Over-production: Too many products, too early or too late to meet the customer’s 

demand 
7. Defects: Any non-conforming products or services overall. 

                                                           
1Heijunka is the Japanese original term for production smoothing, a technique for reducing unevenness. 
2Jidoka means "intelligent automation" or "humanized automation" and refers to the practice of stopping a 
manual line or process when something goes amiss. 
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Production units can vary depending on their complexity and process restrictions, as well as 
the needs for improvement and waste reduction. Besides, it is important to distinguish the 
value-added work from the non-value-added waste in each case, which can be accomplished 
with the use of “Value Stream Mapping” (VSM). Value Stream Mapping is an improvement 
tool used as a vital part of Lean developments. It has been established to achieve large 
improvements in lead-times within the manufacturing industry. It basically includes all the 
industrial processes, demonstrating each one individually but also providing a wide 
perspective of the production system overall. VSM is applied either at a production flow 
level or at a supply chain level. The basic process is first to create a map of the current state 
and then to make an analysis based on Lean principles. (Salzman, 2002) (Petersson, et al., 
2010) 

In each production process, some of the following attributes are being considered and 
analyzed: 

• Cycle time 
• Process time 
• Change-over time 
• Batch volumes 
• Availability 
• Work hours 
• Takt time 

VSM is a useful tool for achieving JIT considering a number of conditions that need to be 
accomplished. Firstly, the processes should be able to constantly produce good products. If 
quality issues appear during those processes, one-piece flow is hard to be achieved. Also, the 
process times should be repeatable. If there is not a considerable variation, one-piece flow 
can be accomplished. Moreover, the equipment should have really high (close to 100%) 
uptime, meaning they should always be available to run. Finally, the processes should be 
able to be scaled to takt time, or the rate of customer demand. For instance, if takt time is 5 
minutes, processes must be scaled to run at one unit every 5 minutes. 

2.4. Innovativeness 

For many production systems, the sustainable efficiency is the balance between accelerating 
the operations and being continuous innovative in products and technical solutions. The 
ability to raise new ideas and solutions and quickly introduce new products or make design 
changes to existing products can be defined as innovativeness. 

Hurley and Hult’s definition of innovativeness is given as: “The notion of openness to new 
ideas as an aspect of a firm’s culture…a measure of the organization’s orientation towards 
innovation” (Hurley & Hult, 1998). Innovativeness has a direct connection to innovation, 
while the organization adopts innovation as a strategy that would follow innovativeness as 



Literature Review 

9 
 

part of its culture, striving to make it one of the main key competencies. Innovativeness is 
obtained through the culture that focuses on continuous learning and development (Hurley 
& Hult, 1998). Consequently, innovativeness may not be sufficient condition to raise an 
organization to absolute innovation along with its products and supply chain structure, 
however it serves as a catalyst for innovation to occur. The continuous development of the 
supply chain lines and the internal environment that promotes the exploration of customer 
demands trigger the optimization in operational processes that will allow rapid 
improvements on the production outcome. 

Regardless of whether a corporation aims to innovation, the challenge of achieving the 
sustainability is a balance between flexibility and control. Even if the production control 
efficiency and implementation of innovation are different for each of the businesses 
involved in the supply chain, they will share the common characteristics regarding the 
business value as part of the same strategy, the necessary organizational configurations and 
processes to deliver the innovative solution. The question for a corporation to stay 
innovative in practice is the level of achieving the configuration of internal and external 
processes balancing between flexibility and productivity. Although innovation mostly refers 
to the new thing, idea or the practice itself, innovativeness focuses more on the inventing 
process related to the cost, time and level of continuous development. Therefore, 
innovativeness consists of a trigger not only for innovation strategy but also for the increase 
of flexibility and productivity of the production systems. 

2.5. Flexibility and Productivity 

Manufacturing system models have been appeared and evolved over the last years in order 
to cover the necessities in a response of market demands, changing customer’s preferences 
and need for more products’ differentiation and customization. Additionally, according to 
ElMaraghy, labor issues provoke more pressure in global supply chains while the 
competition from developing countries and currency fluctuations increase that pressure 
(ElMaraghy, 2009). The recently introduced strategies of production innovation, as well as 
the production process development can effectively cover these needs in different ways. 
They can both respond to the need of change and transformation towards flexibility and 
productivity increase at different levels.  

Strategies of production innovation allow transforming individual operations, processes 
routines and production schedules. This consists of a correspondence to variation in 
products within a pre-defined scope of a parts family (modules). It also responds to the limits 
of the production systems by adjusting the capacity. Overall, production innovations can 
offer flexibility in a built-in prioritized and well defined boundary environment and involve 
changes and transformation in processes, parts and volumes with or without physically 
changing the manufacturing system itself. 
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As Koren suggests, production process development allows changeable functionality and 
scalable capacity by physically changing the modules of the system (Koren, 2006). This 
happens by adding, removing or modifying the operating units, cells as well as the rates 
between the inputs and outputs of the production system. That hardware reconfiguration 
also leads to major shifts in software need in order to plan and control the individual 
machines that handle the operating units and cells. Therefore, the process development 
responds to the needs of production by physically reconfiguring the system, offering higher 
flexibility focused on demand. 

It is important to focus on three objectives of flexibility as defined by Chryssolouris (2005): 

Product flexibility allows a manufacturing system to produce a mix of part types using the 
same equipment. 

Operation flexibility concerns the capability to produce something using different 
operations, materials or machines. 

Capacity flexibility enables a manufacturing system to fluctuate the volumes of different 
products in order to accommodate changes in demand, while still being profitable. 

Production processes describe the series of actions where resources (factors, inputs) 
become products (outputs). This concept emerged around the turn of the last century. 
Productivity is a property of the production process relating changes in inputs to resulting 
changes in outputs. In this section, output and input flexibility are discussed, within the 
development of a production process, as shown in Figure 1 in the form of an activity model. 
According to the activity model, a process development consists of the basic framework of 
production process, having certain inputs and demands. Flexibility development and 
innovation engagement are considered as attributes of the development, whereas 
investment costs and labor requirements are considered as constrains. The outputs from a 
process system development comprise the products, the information as knowledge (know-
how) and the rise of productivity.  

The relationship between productivity and flexibility, according to Gustavsson, has not been 
given much attention in the literature, leading to the common belief that there is a negative 
trade-off between productivity and flexibility. As he mentions, flexibility can be used in a 
productive way where more production opportunities lead to a higher productivity outcome 
(Gustavsson, 1984). Furthermore, according to Chryssolouris, the perception is growing that 
flexibility can be cost-effective as well (Chryssolouris, 2005). On the other hand, Meyer 
states that a company has to focus on other basic competitive priorities such as quality, lead 
times and cost before focusing on flexibility (Meyer, et al., 1989). 

Based on Grubbström and Olhager’s research (Grubbström & Olhager, 1997) on production 
systems, the input operation flexibility is related to the time required to change the mix of 
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production factors over time (e.g. Capital/Investment Cost Vs. Labor) and to the time 
required to change the attributes of the production factors over time; for example the 
reduction of machinery change-over time as well as the education and training of the work 
force to be able to achieve that time. At this study, the focus is on the flexibility and 
productivity of Ericsson’s production systems. Products used in the telecommunication 
industry are usually complex and change rapidly since the market demands change. Thus, it 
is essential for Ericsson to make their manufacturing systems more flexible in order to 
respond to this complexity and remain successful. Doing this, they must also focus on 
keeping the same level of productivity or even try to increase it at the same time. This is 
obviously a real challenge for any manufacturing company in almost all industries. 
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Figure 1: Activity model of Production Process Development (Sofos & Tsanoulas, 2015) 
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3. Research Methodology 

The research methodology of this thesis is based on a qualitative and quantitative case study 
approach. In the theoretical framework the basic concepts of the study, such as production 
innovation, Lean manufacturing and innovativeness conceptual are analyzed based on 
existing literature and scientific resources. In addition, the study approaches the concepts of 
flexibility, productivity and innovativeness within effective production. Furthermore, a 
simulation process is performed that aims on the graphical visualization of experimental 
scenarios, based on observations and assumptions in Ericsson’s production systems, 
attempting to make the purpose of this thesis clearer for the reader. The combination of the 
theoretical and practical approach, adds value to the corporation’s development from an 
academic perspective. Moreover, all judgments in this research were made after taking into 
account relevant scientific, social and ethical aspects, while being aware of ethical issues in 
research and development. 

The authors focus on process development within an innovative production system, mainly 
relying on Lean Thinking. In order to investigate and test the innovative production system, 
all the stages suggested by Tidd (Tidd, et al., 2001) that are mentioned above, were 
implemented. The early steps through a literature review were to scan the environment with 
the focus on principles of Lean and innovation and define the objectives that correspond to 
the strategic view of the process development. The analysis and focus are on production 
system’s flexibility, productivity and innovativeness. Following on the case study, the 
literature methods are implemented in practice, investigating the sustaining adoption of a 
lean strategy that can launch the innovation and contribute to higher profitability. The 
outcome of that production innovation, apart from the proposal solution, is also a 
knowledge base to improve similar or alternative cases. 

3.1. Case study method 

The unit of analysis is in the Industrial Engineering department of Ericsson where the aspects 
of productivity, flexibility and innovativeness are assessed from different angles. The case 
investigates the final assembly process of the filter’s production. The methodology is 
explained as a simplification of the manufacturing system. The purpose of the following 
procedure is to create an experimental framework to design new production strategies 
within flexibility and innovativeness objectives. The reader can compare on a basic version 
the current strategy of filter’s production to the one outlined as sequel scenarios through a 
descriptive data analysis and visual representation. 

The main steps of the case study are based on the methodology suggested by (Yin, 2003) 
and (Stake, 1995). According to Yin, the case study intends to answer “why” and “how” 
questions. Furthermore, as Stakes suggested, the steps followed in this research included 
data gathering, validation and analysis, which were made after conducting several 
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interviews. Also, a final observation and review were made, in order to test the production 
systems. 

3.2. Simulation method 

Simulation is a vital method for monitoring a production system or even a supply chain. It 
allows the visualization of the whole system which can be beneficial in many ways. It is used 
in that case in order to identify the conflicts in the current state of production system. 
Simulation also allows making important decisions based on real data. It provides 
transparency and assists the production planning and control. Through a simulation process, 
a production system can be tested with different scenarios based on upcoming changes in 
the products. This way, companies can modify their production systems, making them more 
flexible, in order to be improved and adjusted to the current and future market needs. 
Furthermore, it gives companies the opportunity to investigate the production process, 
follow up delays and repair possible failures, making it easier to spot the areas that could be 
improved or modified in order to function more efficiently and increase their productivity. 
(Papadopoulos, et al., 2009) 

The way simulation functions, is by representing all the defined processes and by providing 
the necessary input data (lead-times, manufacturing cost, demand etc.). The input data can 
include change-over times, failures and can concern different batches. After the data input, 
the simulation model runs for a specific time (defined by the user) and it provides the output 
data (product volume, sum or average of times, cost in each individual process and overall). 
Simulation is a widely established method for any production system’s visualization and 
improvement and can support a company to be more flexible and productive.  
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4. Ericsson’s RBS Filter Production Case Study 

Ericsson is a leading provider of telecommunications technology and services. Using 
innovation to empower people, business and society, Ericsson is working towards solutions 
to some great challenges. Continuous radical shifts of technologies and methods adopted, 
drive Ericsson to innovation and growth opportunities in the demanding market of 
telecommunications. Ericsson is advancing its vision of being the "prime driver in an all-
communicating world" through innovation, technology, and sustainable business solutions. 
According to Ericsson’s website, “Some 40 percent of global mobile traffic runs through 
networks supplied by Ericsson and more than 1 billion subscribers around the world rely 
every day on networks managed by Ericsson”. (Ericsson, 2015) 

4.1. Process Typical Setup 

Mobile networks consist of interconnected Radio Base Stations (RBS) sites serving different 
areas. Those RBS (or antenna sites) are used for transmitting and receiving voice and data to 
and from mobile phones. This would not be feasible without the Filter Units (FU), a basic 
component for improving the performance of the RBS. This system gives network operators 
the infrastructure they need to support growing mobile data needs. At the current state 
Ericsson’s filter units (FU) production exist in three sites: Kista (Sweden), Tallinn (Estonia) 
and Nanjing (China).  

This study investigates the optimization of the assembly manufacturing system of Ericsson 
RBS FU, a mainly manual operating system that services different filter variants. The 
assembly manufacturing process, shown in Figure 2, consists of the following steps: 

Pre-assembly: It is the first main process of the filter production where the filter is 
assembled on shield cans. After that, the shield cans are assembled and all parts are 
soldered. 

Pre-tuning: It involves the assembling of screws and the placing of covers on the filters. A 
first check that coupling and tuning screws are tightened is also performed. 

Assembly: This stage usually includes 3 different processes performed by operators. In this 
stage, all necessary connectors and modules are assembled. Filters then run through a 
cleaning and inspecting process. 

Tuning: In this stage the filter is connected to a computer and the tuning process is 
performed with the aid of software. Afterwards, the tuning screws, the protrusion and the 
distance from nut edge are being checked. 

Testing: Finally, the filter units are being tested in a final test through a software system. 
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Figure 2: Stages of Filter production (Sofos & Tsanoulas, 2015) 

In every step, operators are distributed equally to relative stations. The operation consists of 
manual assembly tasks using specialized machining equipment and tools. In this study we 
focus on one single assembly line capable to serve in the same flow three different filter 
variants: NGR, PL5 and PL4. Based on the experimental numbers that are used for this study, 
the Cycle time (C/T) and Change-Over time (C/O) for those product variations in every 
station are given in Table 1. The flow of the material within the Assembly line stations is in 
batches and their volume has been chosen experimentally for the purpose of this study, 
N=100 pieces, equally to all product variants. In the current case study assumptions, a 
production sequence series of NGR - PL5 - PL4 is also included at same size batches.  

 

Table 1: Cycle and Change-over Time - Current state3 (Sofos & Tsanoulas, 2015) 

Ericsson RBS FU determined that a study in production filters towards flexibility increase was 
necessary due to the continuous fluctuations of the volume of production and the increase 
of product variants and new versions releases.  

4.2. Characterization of the problem 

In the following analysis, the relationship between the batch size and the volumes and 
variants fluctuations is described. It also presents the current state and points out the 
factors that hinder the continuous product development and innovativeness of the 
production system. The following Value Stream Mapping (Figure 3) represents the current 
state. The purpose of this mapping is to separate the value from the non-value processes 
and highlight the waste. 

                                                           
3 The percentages refer to a certain time unit and the purpose of this form is to highlight the initial differences 
of time between the product types and stations. For example, if the certain time unit is 1 min, the C/O time of 
NGR at Station 1 is 10, 2 sec. 

C/O C/T C/O C/T C/O C/T
Pre-assembly Station 1 17% 17% 33% 17% 17% 33%
Pre-tuning Station 2 17% 17% 33% 17% 17% 33%

Station 3 17% 17% 33% 17% 17% 33%
Station 4 17% 17% 33% 17% 17% 33%
Station 5 17% 17% 33% 17% 17% 33%

Tuning Station 6 17% 17% 33% 17% 17% 33%
Testing Station 7 17% 17% 33% 17% 17% 33%

Assembly 

NGR PL5 PL4
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4 

Figure 3: Value Stream Mapping - Current state (Sofos & Tsanoulas, 2015) 

                                                           
4 Designed by www.lucidchart.com  

http://www.lucidchart.com/
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Using the information from the flow system strategy from Ericsson and numbers by our 
logical assumptions, the following attributes are calculated on excel sheets (Appendix 3 – 
Excel Sheets). As demonstrated in Figure 4 and Table 2 the series of NGR-PL5-PL4 fulfill the 
production line in a product variant arrival rate of approximately 1,12 hours. Furthermore, a 
Lead Time (LT) approximately to 3,6 hours for NGR and PL5 and 3,9 hours for PL4 announces 
a very slow process comparing to the actual cycle time per unit. The reason is the large size 
of the batches, that may benefit the production concerning just a single change over in the 
setup of the stations between the sequel of different product variants, but on the other 
hand, they slow down the rhythm and increase the product variant arrival rate of the output. 

 

 

Figure 4: Flow of 3 filter types (Sofos & Tsanoulas, 2015) 

 

Table 2: Times - Current state (Sofos & Tsanoulas, 2015) 

In addition, considering the continuous development objective, this current system is 
insufficient to keep the innovativeness. Another assumption concerns the configuration 
time, the actual time needed for R&D department to deliver a new version to the 
Manufacturing department directly to the source of material and reconfigure the process 
plan by labeling the material. That configuration time is set to 2 hours. Therefore, by 
calculating the summary of the times from the delivery of the new version until the finish of 
the new batch of new version products, a total waiting time is given in Figure 5, around 5-6 
hours. Thus, comparing that time to the arrival rate of 1,1 hours  that a new batch of 
products outputs the line, a waste of waiting time is equal to approximately 5 hours. 
Another factor of the reconfiguration within the process itself in every station may increase 
or decrease the actual lead time; however in this study it is not considered.  



Ericsson’s RBS Filter Production Case Study 

19 
 

 

Figure 5: Waiting time (Sofos & Tsanoulas, 2015) 

Another important attribute of waste that needs to be calculated, is the number of products 
that are in progress when the new version is released for production. Those products may 
have the chance to fulfill the demand but that definitely comes across to the innovation 
strategy that Ericsson has as primary scope. An organization cannot raise its innovativeness 
by having non-innovative materials and products in the supply chain. That is mainly because 
it creates the need for further processing of the materials that are in not–yet–updated 
process. So either a post-processing is needed after the line with a reference on the new 
versions, or a loop-recycling activity that refeeds the line with those parts for modifications. 
In both cases, the actions require more time and extra cost, so in this study those products 
are considered as scrap of the production and are measured in number of pieces. 

The number of scrap is given by adding the Work In Progress (WIP) pieces that need time 
equal to Lead Time to execute from the assembly line, plus the Waiting Pieces that remain 
idle as raw materials in the beginning of the line for the new configuration of the updated 
version.  

WIP = integral [Lead Time /Arrival Rate ] x Batch Size (N) 

If Configuration time > Arrival Rate   

Then 

Waiting Pieces = integral [Configuration Time /Arrival Rate ] x Batch Size (N) 

Otherwise, 

If Configuration time < or = Arrival Rate 

Then 

Waiting Pieces = Zero 

To sum up in Table 3, the current system’s scrap is calculated for NGR, PL5 and PL4.  
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Table 3: Scrap filters (Sofos & Tsanoulas, 2015) 

Summary of the current state findings: 

• Total production has long Lead Time strongly correlated to large batch size. The 
relationship between the times and batch sizes has been analyzed on the excel 
sheets. (Appendix 3) 

• Large batch size benefits the total lead time, by having a single change-over time 
every N pieces of a following batch.  

• The waiting time of a new product version to execute the assembly unit is longer on 
large batch sizes due to the long Lead Time. That causes a reduction of 
innovativeness within the assembly line.  

• The scrap volume is correlated to Lead Time and consequently to the large batch size. 

4.3. Suggestions and Results 

The determination of Lean Innovation is to eliminate all the non-value adding processes in 
order to achieve the system objectives of innovativeness, flexibility and productivity with the 
least possible effort. As it has already been discussed in the previous chapters, the main 
focus of lean is to minimize waste. From another view, innovation is defined as the value 
generated from problem solving process. In other words, the more knowledge obtained for a 
problem solving, the more innovation is engaged to the system. In the following, as Sehested 
and Sonnenberg’s methodology suggests, a process of lean innovation is implemented and 
tested with simulation tools (Sehested & Sonneberg, 2011). As mentioned above, this 
methodology of lean innovation helps companies do three fundamental things: ‘do the right 
thing’, ‘do it right’ and ‘do it better’. 

‘Do the right thing’  

In the current state, a large amount of waste is already determined. To do the right thing in 
that case is about finding the easiest way to avoid waste. It has been clear that the large 
batch size is the main cause of waste in time. By having long lead times, both manufacturing 
and overhead cost increase and the following production appends, so the final product is 
late and the customer’s satisfaction decreases.  

As it is already stated based on Kaizen theory, the optimum Just-In-Time system suggests 
One-Piece Flow production. This means that by narrowing down production from (100Pcs) 
sized batches to one piece moving, the waiting times will theoretically be minimized (small 
buffers and short lead-times). Consequently, in this study, a scenario of one-piece flow 
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assembly line is analyzed using the exact same assumptions of the current batches flow. In 
this point, it is necessary to mention that at one-piece flow, the sequence of production is 
similar to the previous NGR-PL5-PL4, so a changeover task is needed in every station 
between two following products (and not batches). That may occur as continuous waste 
comparing to the batch flow production. In Figure 6 a comparison between the batch flow 
and one-piece flow is presented. The one-piece flow production with the real data input is 
also simulated in order to provide further information and visualization of the assembly 
manufacturing line (Appendix 2). The simulation model built in Enterprise Dynamics5 
environment contains the real data from Ericsson which is confidential and therefore is not 
further analyzed in this thesis. 

 

Figure 6: Batch vs One-piece flow (Sofos & Tsanoulas, 2015) 

As it is clearly shown from that comparison, there is a break-even point for each product 
variant. Until that certain number of pieces, the Lead Time remains lower in one-piece flow 
production than in the batch production. That break-even point is the point where the two 
curves are crossing each other, and the vertical line indicates the number of pieces where 
batch flow has the same time as the one-piece flow. The number of points consisting the 
curve of one-piece flow on the left side of that point, are all the possible solutions for batch 
flow considering the increased times. That area is mainly the freedom of production 
decisions within a trade-off between flexibility and productivity of the system. That freedom 
of solutions adds flexibility to the production system to balance over the batch size and 
allows a low utilization of the process that contributes to the admission of new products and 
updates. 

‘Do it right – Inner efficiency’ 

As it has been stated, the current production - with large lead times and reasonably large 
waiting time to release a new version - is not rapidly adjustable to innovation and definitely 
does not achieve the objective of innovativeness. To make it right as Lean Innovation 

                                                           
5 Enterprise Dynamics is a software platform used for discrete event simulation. 
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suggests, an optimum planning is needed through a new value stream design. That design 
should focus on waste management and innovativeness increase. The optimum planning for 
that scenario is to switch the strategy from batches to one-piece flow, as long as the demand 
is not higher than the break-even point. Whenever the demand reaches up to that point, the 
batch flow appears to be more productive.  

Furthermore, in order to define the optimum planning, another analysis in waste 
management is needed in order to confirm that strategic solution. Apart from the long Lead 
Time, the scrap is another waste to focus on. Although Lead time is more related to process 
flexibility, the scrap is more relevant to productivity since it can also be defined as 
overproduction. As it is already mentioned, scrap volume follows the same trends as the 
batch size. Therefore, in case of a new product version in the one-piece flow, the WIP, which 
actually consists one part of scrap, is expected to be reasonably lower than in the batch flow. 
In this scenario analysis, the data used are exactly the same experimental numbers used in 
the current batch system analysis, and the results are given in Figure 7 and Table 7 through a 
comparison between the two strategies, showing the incremental difference in every 
product variant.  

 

Figure 7: Scrap products (Sofos & Tsanoulas, 2015) 

 

Get better – Continuous Improvements 

Lean is a tool that continuously evaluates the outcome and indicates internal improvements 
that can be made. In fact, this suggests that there are always ways for improvements. The 
one-piece flow is definitely a suggestion with significant impact on system’s flexibility and 
productivity. Also, it can evenly reduce the waiting times for a new version, creating the 
basis for continuous innovation and therefore high innovativeness in the assembly line. The 
improvements from one single change on the strategy can have significant impact on the 
entire system. Nevertheless, it is vital to continue the problem solving and get accelerating 
knowledge on system’s optimization, since it is the only way to keep innovative (Sehested & 
Sonneberg, 2011).  

According to RBS FU strategy, a new version is delivered as a configuration set, within 
processes and times, in the beginning of the assembly flow. That sometimes ends up to an 
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incremental waste, especially if reconfiguration involves only the one single station that is 
close to the line’s end. For example, if a reconfiguration involves the Final test at Station 7, 
then the waiting time for the arrival of the new version is equal to the lead time adding the 
configuration time, and that long waiting time is not the only waste. As it has already been 
mentioned, long lead time is correlated to scrap outcome. So in this case, even in that one-
piece flow strategy, the waste remains increased.  

 

Figure 8: Waiting times – scenario (Sofos & Tsanoulas, 2015) 

In a continuous improvement analysis, a second more optimized suggestion is given and 
decrypted graphically into a Value Stream Mapping (VSM) future model. That strategy is 
based on one-piece flow assembly lines in order to get benefit from the short lead times and 
lean WIP, as well as an ungraded reconfiguration system that distributes the configuration 
sets of the process and times to the relevant station instantly. That suggestion has the 
purpose to reduce the time needed for a material to be labeled with the new version set to 
travel along the lead time to the station that will perform the variable process. Therefore, 
the waiting time has as an upper limit the max waiting time (only for the case that the 
reconfiguration has to take place at the very early station 1) and the scrap of the old version 
products has as an upper limit the max scrap as well. The graphical representation of the 
VSM is shown in Figure 9.  
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6 

Figure 9: Value Stream Mapping – scenario (Sofos & Tsanoulas, 2015) 
                                                           
6 Designed by www.lucidchart.com 

http://www.lucidchart.com/
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5. Conclusions 

Lean innovation contradicts with corporations’ conventional approaches which are 
characterized by a slow and nonproductive production systems development towards the 
new product specifications. By combining the lean perspective with innovation research, 
new solutions on system’s flexibility appear, allowing innovation to fully benefit the system. 
The insights for that lean production strategy of Ericsson RBS FU are drawn from the analysis 
of the current system and triggered from literature review on Lean Innovation and Lean 
Manufacturing Development. The objectives of the production system redesign include the 
aspects of: 

• Flexibility; the ability to successfully reflect on variation mostly in volume and 
product 

• Productivity; the ability to produce a certain number of products in a certain period 
• Innovativeness; the ability to raise new ideas and solutions and quickly introduce 

new products or make design changes to existing products. 

The objectives of the new design are attempted with a development test through two 
sequential scenarios. The first scenario is an investigation between batch size and 
continuous flow (one-piece flow) according to Lean Manufacturing development. Instead of 
having large batches of one product type at a time, this scenario suggests that a single unit 
of product type is followed by a different one. This way, one-piece flow optimizes system’s 
production, managing to decrease the lead time until a certain number of product volumes. 
The results from that scenario test mainly answer to the first research question of that study 
on what is the fundamental relationship between the lean innovation and flexibility of 
manufacturing systems. Lean innovation can regulate efficiently the development of a 
manufacturing system generating new solutions that add product, operation and capacity 
flexibility to the system. 

The second scenario approaches the continuous development by decreasing waste from the 
overproduction when a new updated version is released. The high frequency of the product 
updates keeps the innovativeness of the system, but causes the increase of waste from 
overproduction due to the large WIP. That scenario suggests updating the process within 
each station individually, in order to exploit the WIP and get the final product much faster. 
Instead of waiting for the old batch to finish the assembly process, passing through all the 
stations, a direct channel is suggested, linking the R&D department with each station of the 
production process. That way, scrap is kept to a minimum, as this scenario makes use of the 
buffer between the processing stations. Moreover, it empowers innovativeness, decreases 
the cost and increases system’s productivity. 

Therefore, regarding the second research question, an approach was made towards the 
continuous development which consequently affects the continuous innovation. This 
becomes possible through the increase of innovativeness that correlates to production 
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system’s flexibility and productivity improvement. The focus on innovativeness, the crucial 
objective of keeping the production system always updated to new innovations without 
waste on time and products, achieves more lean production systems. Thus, the system 
behaves more efficiently to new demands, new products and updates without further 
capitalizing. As a consequence, system’s flexibility and productivity are affected positively.  
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6. Future work  

In Ericsson’s production systems, there are many attributes and variants that should be 
taken into account. Apart from the lead times of each process within manufacturing, product 
volumes, inventory and product mix (that were taken into account in this research), there 
are also the costing attributes (fixed and variable), product quality, labor, system’s reliability, 
planning needs and so on. All those attributes should be taken under consideration in order 
to simulate the production process in a broad way and get more reliable results. These 
elements can be given as inputs in the mapping of manufacturing and lead to a conclusion 
about how to achieve a high productivity and flexibility. 

This research concerns a specific assembly manufacturing line of Filter Units within Ericsson. 
However, with the necessary adjustments and the appropriate inputs, the proposal could be 
adapted and applied to different production systems within Ericsson. The suggested strategy 
and simulation model regarding filter assembly, if modified and tested, can be applied in 
several manufacturing processes that can work with one-piece flow and therefore have the 
potential for high flexibility. Furthermore, the possibility of a link of the R&D department 
with each station individually within a manufacturing system, throughout the supply chain, 
can be further investigated. This way, the information flow would be much faster and the 
innovativeness would rise in higher levels as every single process would be updated 
regarding every change in the design of a product. 

Based on Lean Manufacturing, this research focuses on the elimination of “waiting” and 
“overproduction” waste. Nevertheless, Lean has several other aspects, which means that, 
depending on where one needs to focus on, they can achieve the desirable results. For 
example, if a production system has a lot of product failures during processing, then the 
investigation should be focused on “defects” and “processing” waste. This means that the 
input should include the number of failures and machines’ efficiency in order to be able to 
detect the reasons of failures and therefore the ways to improve system’s flexibility and 
productivity. 

Furthermore, the suggested model takes into account the Triple Bottom Line7 (TBL) 
sustainability framework (Slaper & Hall, 2011). As mentioned above, it concentrates on the 
elimination of product waste (scrap) and reduces the manufacturing lead times. This way, in 
terms of sustainability, a large amount of energy consumption can be saved, driving towards 
a higher environmental quality of the whole system. According to TBL’s framework, the 
proposal can be further investigated for the economic prosperity, social capital and equity.

                                                           
7 The “triple bottom line” was first coined in 1994 by John Elkington. It is an accounting framework with three 
parts: social, environmental (or ecological) and financial. 
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Appendix 1 – Interviews within Ericsson 

During our research within Ericsson, we had the opportunity to interview several employees, 
who provided us both qualitative and quantitative data. These interviews were conducted 
on a weekly basis throughout the 3-months period. Throughout this time, we were provided 
with valuable insights about the production systems and were helped in order to guide our 
research. With Ericsson’s employees’ contribution, we got perspective and were able to 
focus our research within production on the appropriate areas in every step of the way. 

The qualitative information we were given concerned the Filter Unit supply chain overall. We 
acquired knowledge regarding all specific processes within production, from R&D until the 
packaging and shipment of products. Furthermore, employees described thoroughly 
procedures such as production control, quality control, logistics, production planning, 
mechanical and manual operations. 

The quantitative data that we acquired concerned manufacturing costs, lead-times, product 
volumes and a lot of information about production’s current state. Even though we cannot 
disclose those data in numbers because of confidentiality agreement, the simulation model 
was based on them and the results are presented in the form of qualitative graphs. 
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Title, Area Topic discussed Conclusions 

Product Line manager, 
Kista 

Production analysis in 
Industrial Engineering 
department 

General view and understanding of 
the way Industrial Engineering 
department works 

Knowledge Area Supply 
Chain Adaptation Driver, 
Kista 

General discussion about 
supply chain 

Overview about Ericsson’s supply 
chain 

Senior product engineer, 
Tallinn 

Operating and lead times 
of each manufacturing 
process 

Time data, understanding of every 
manufacturing and assembly 
process in Tallinn site 

Supply chain cost 
manager, Kista 

Costing processes Costing data within manufacturing, 
fixed and variable costs 

Project manager, Kista Lead times of each 
manufacturing process 

Time data 

Manager of Manufacturing 
engineering, Tallinn 

Manufacturing processes 
of filter units 

Overview of manufacturing process 
in Tallinn site 

Manager of process 
technology, China 

Production overview Perspective of China’s production 
systems 

Supply chain design & 
control engineer, Kista 

Simulation process of 
manufacturing line 

Enterprise Dynamics installation 
and support of simulation model 

Production engineers (3), 
Kista 

Filter production details in 
each process 

Data about each stage, volumes 

Manufacturing engineers 
(2), Tallinn, China 

Manufacturing processes 
of filter units 

Mapping of manufacturing line 

Table 4: Interviews 
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Appendix 2 – Simulation in Enterprise Dynamics 

Name Icon Description 

Product 
 

The Product Atom is used to model the 
physical flows of products  

Source 
 

The Source Atom allows atoms, mostly 
products, to enter the model at a 
specified rate and therefore functions as a 
product generator 

Server 
 

The Server is used to model operations 
taking a certain amount of time such as 
the processing of a product by a machine 

Queue 
 

When the next atom is occupied, the 
Queue atom places products in a queue 

Sink 
 

This atom allows products to leave the 
model 

Status 
monitor 

 

The Status Monitor shows in detail the 
machines’ percentage of time that is idle, 
busy or in a change-over mode 

Building 
 

The Building atom is used for 3D view 
purposes 

Camera 
 

The Camera is used to show a 3D view of 
the model 

Summary 
report  

The Summary Report displays an 
overview of the basic statistics relating to 
all atoms present in the model, based on a 
single run 

Table 7: Simulation objects used
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8 

Figure 10: Simulation Model of one-piece flow (Sofos & Tsanoulas, 2015) 

 

                                                           
8 Built in Enterprise Dynamics 8.1. 
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9 

Figure 11: Visualization of the line in a 3D environment (Sofos & Tsanoulas, 2015) 

  

                                                           
9 Built in Enterprise Dynamics 8.1. 
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Appendix 3 – Excel Sheets 

 

Table 5: Times for the batch flow (Sofos & Tsanoulas, 2015) 
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Table 6: Times for the one-piece flow (Sofos & Tsanoulas, 2015) 

 

 

 

 

Table 7: Waiting time and Scrap - Current state (Sofos & Tsanoulas, 2015) 
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