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Abstract 
In this master thesis, the thermal imaging infrared camera manufacturer FLIR Systems is studied. 

The company has a history of making decisions regarding automated assembly by support of 

personal experience. The literature highlights a number of different parameters to consider when 

making decisions about automated assembly. Furthermore, a decision is more than a choice, it 

requires to be secured and in line with the company mission.  

The master thesis objective is to provide FLIR Systems with a guideline, which the company can 

use to support future decisions regarding automated assembly on an adequate basis. This will 

provide an answer to the research question: How should FLIR Systems secure requested result of 

future automation decisions related to the assembly process? 

The research question was investigated through a case study at FLIR Systems. This shows that 

FLIR Systems should take following parameters into account: delivery capability, quality, work 

environment, cost, current level of automation, flexibility, and DFA. Currently FLIR Systems 

has a low level semi-automatic assembly, and generally the task packaging and addition of 

accessories would be beneficial to consider for a raise in level of automation. Furthermore, tasks 

associated with assembly hold a high potential regarding level of automation.  

To ensure future decisions, the company should use the recommendations and the decision 

model that have been developed through this master thesis. The model consists of three phases: 

initiation, analysis, and implementation.  Each phase consist of several different steps in order to 

secure that all relevant parameters are included.  

Key-words: Automatic assembly, Company mission, Decision model, Level of automation 
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Sammanfattning 
I detta examensarbete har värmekameratillverkaren FLIR Systems studerats. Företaget har 

historiskt sett baserat beslut gällande automatiserad montering på personlig erfarenhet. 

Litteraturen belyser ett antal olika parametrar som bör beaktas vid beslut gällande automatiserad 

montering. Vidare är beslutstagandet mer än bara ett val, det behöver säkerställas och vara i linje 

med företagsmissionen. 

Examensarbetets mål är att förse FLIR Systems med en riktlinje som företaget kan använda för 

att stödja och säkra framtida beslut inom automatiserad montering. Riktlinjen besvarar 

frågeställningen: Hur ska FLIR Systems säkerställa efterfrågat resultat av framtida beslut inom 

automatiserad montering?  

Forskningsfrågan undersöktes genom en fallstudie på FLIR Systems. Fallstudien visar att FLIR 

Systems bör ta hänsyn till följande parametrar: kapacitet, kvalitet, arbetsmiljö, kostnad, befintlig 

automatiseringsgrad, flexibilitet och DFA. För närvarande har FLIR Systems en låg grad av 

halvautomatisk montering och generellt skulle det inom uppgiften paketering och dess tillbehör 

vara till nytta att överväga en högre automatiseringsgrad. Vidare har uppgifter relaterade till 

aktiviteten montering generellt en hög potential när det gäller en ökad grad av automatisering.  

För att säkerställa framtida beslut bör företaget använda sig av de rekommendationer och den 

beslutsmodell som har utvecklats genom detta examensarbete. Modellen består av tre faser: 

initiering, analys och implementation. För att säkerställa att alla viktiga parametrar tas hänsyn 

till, består varje fas av ett antal olika steg.  

Nyckelord: Automatiserad montering, Företagsmission, Beslutsmodell, Automationsgrad 
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Terminology 

Activity The main category under which similar tasks are sorted. 

Assembly flow  The overall view of the different assembly tasks, including correlating tasks, 

and how they relate to each other. 

Assembly process Two or more activities or tasks in the assembly flow which together form a 

process. 

Component Two or more details that are put together. 

Detail A single part. 

DFA Abbreviation for Design For Assembly.  A family of methods that help 

designing a project with ease of assembly in mind. 

DFMA Abbreviation for Design For Manufacturing and Assembly. A combination of 

methodologies with focus on both manufacturing and assembly. 

DFAA Abbreviation for Design For Automatic Assembly. One of the DFA methods, 

developed at KTH, and suitable for analysis and evaluation in the domain of 

automatic assembly. 

Dynamo A qualitative methodology to measure and analyze level of automation. The 

method is designed to help companies find appropriate level of span of 

automation, and by that maintain high productivity through reduced production 

disturbances. 

HTA Abbreviation for Hierarchical Task Analysis. A part of the Dynamo method 

used to break down activities into tasks.  

LoA Abbreviation for Level of Automation. The allocation of physical and 

cognitive tasks between humans and technology, described as a continuum 

ranging between totally manual and totally automatic. 

Task A specific step in the assembly flow. 
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1 Introduction 
This section presents a background to the master thesis, including problem 

description, research purpose and objective. To clarify the focus, main research 

question, sub questions and delimitations are presented. 

1.1 Background  
The world is changing rapidly due to a global market, accelerating technological development, 

and shorter product life cycles. To survive in these conditions, a company must be early with 

new ideas and also have the ability to implement them in their business. Further, self-knowledge 

about where the company is heading, priorities and goals allows greater ability to make 

individual decisions based on own judgment. If the company’s strategy is clear, it also leads to 

an inspiring and motivating work environment for the employees (Tangen, von Axelson, 

Dencker, and Gröndahl, 2008). 

Granlund and Friedler (2012) discusses about how automation technology can increase an 

organization’s competitiveness. To increase competitiveness, companies constantly are striving 

for improvements that raise their productivity (Granlund and Friedler, 2012). New technology 

has led to that dangerous and uncomfortable work assignments nowadays are performed by 

robots or automated equipment. Simultaneously with a trend for increased automation, the 

striving for a simplified production system arise (Olhager, 2010). The most relevant research in 

this area that has contributed to this master thesis have been performed by Jörgen Frohm (2008) 

with his doctoral thesis Levels of Automation in Production Systems and Åsa Fasth (2012) with 

her doctoral thesis Quantifying Levels of Automation. 

The company FLIR Systems is a leading manufacturer of innovative imaging systems, including 

infrared cameras, aerial broadcast cameras, and machine vision systems (FLIR Systems, 2014). 

Currently FLIR Systems work with Lean oriented methods for production, with a focus on paced 

flows for both the material and the assembly flow. The production of FLIR Systems products is 

currently located both in Sweden and in several other countries around the world. The plants 

have different conditions and a varying level of automation. After earlier implementations of 

automation, the expected result has not always been achieved. FLIR Systems considers that these 

improvements were partially implemented without sufficient analysis regarding why and how a 

certain area should be improved. This has led to that FLIR Systems now request a more solid 

basis to secure that satisfying decisions are taken about automation in the assembly flow. The 

future decisions based in theory, will hopefully lead to that FLIR Systems achieve simplified 

assembly systems with right level of automation.  

1.2 Purpose and objective 
The purpose of this master thesis is to provide FLIR Systems with knowledge about automated 

assembly and about how a successful decision is taken. The objective is to analyze the domain of 
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automatic assembly and to produce an informed guideline that FLIR Systems can integrate with 

the company know-how when evaluating possible solutions in this area. 

1.3 Research question 
Based on the master thesis background, purpose, and objective, the following main research 

question has been formulated: 

How should FLIR Systems secure requested result of future automation decisions related 

to the assembly process? 

 

Three sub questions have been developed in order to answer the research question: 

 

 Which parameters should be taken into account when making decisions regarding 

automation? 

 According to an assembly process and underlying design issues, which activities or tasks are 

most suitable to consider for automation? 

 How should a model for future automation decisions be formed? 

1.4 Delimitations 
The master thesis is delimited to automated assembly and mainly to how decisions regarding the 

subject should be taken. According to decision making, particularly which parameters and areas 

that is within interest will be studied. No improvements regarding repositioning or elimination of 

specific positions in the assembly area will be given in the results. The result of the master thesis 

should be able to work as a basis for evaluation of current and future level of automation. The 

procedure of implementation is going to be discussed, however, given to time and resource 

constraints, a test implementation will not be done in this master thesis. 
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2 Literature review 
The literature review will provide the reader an understanding of assembly, 

automation, company mission, and further relevant terms. The context of this 

chapter is a foundation making it possible to answer the research question.  

2.1 Assembly 
Assembly is an essential part in the production of physical products. The term assembly is 

generally described as the technique that put together different components to a complete 

product. Normally it is the last phase in the chain of manufacturing and thus the product has a 

high added value in this phase. Within the assembly process there frequently are potential for 

cost-savings and rationalizations. The improvements may primarily occur through automation 

and changes within organization of the production flow (KTH and LiTH, 2011).  

In this master thesis the term assembly arises from the definition by Nof et al. (1997): 

“The aggregation of all processes by which various parts and subassemblies are built together 

to form a complete, geometrically designed assembly or product (such as a machine or an 

electronic circuit) either by an individual, batch or a continuous process.” 

Assembly can be performed manually or automatic, were manually assembly is the most 

common, particularly when the volume is low or if the product is complicated. In a large 

assembly system, assembly frequently is a combination of manual and automatic tasks. Such 

assembly can for example consist of an assembler that performs the assembly operation with an 

automatic tool. In several cases the assembler handles the transportation of materials to and from 

the assembly station. However, manual assembly is frequently a problem related to the material 

flow, there is no added value in the material handling; instead it just raises the cost of the product 

(KTH and LiTH, 2011).  

Automatic assembly can consist of fixed and flexible automation. Fixed automated assembly 

means that the assembly machines are designed to serve a specific product and these machines 

cannot be redesigned for other products. Flexible automated assembly consists of general and 

programmable automation equipment, which can be redesigned whenever the need occurs. Thus, 

the fixed automatic assembly is product specific and the flexible automatic assembly is system 

specific (KTH and LiTH, 2011). 

2.1.1 Activities in assembly 

Assembly flows consist of several activities that interact with each other: transportation, 

handling, mating, jointing, supermarkets, and buffers. The transportation consists of movements 

of details, components and the base object to and from each station. It also includes 

transportation of material before and after the assembly processes. Before mating, the details and 

the base object needs to be picked up and optionally manipulated in the process called handling. 

Mating orients the detail or component in the right position and makes the jointing possible. The 
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supermarket consists of details or components and the base object that in this state has a certain 

amount of added value. Nevertheless, it is still one or a few steps until a complete product. The 

last mentioned activity is buffers, in other words stocks, that are related to the main process and 

serves to prevent stops in the production (KTH and LiTH, 2011). An illustration of the flow from 

single details to a whole product can be seen in Figure 1 (KTH and LiTH, 2011).  

 

Figure 1. An illustration of the flow from single details to a whole product. 

2.1.2 Economics of assembly 

An assembly system needs to be optimized concerning profitability. Every system is unique and 

must be treated as such. No general connection can be drawn between technical excellence, 

purchase cost, and viability. Short term solutions can in the long run be catastrophic. A 

problematic manual assembly shall not be automated with intention to eliminate the problems. 

First the problems should be analyzed and solved, and then an automated assembly can be 

implemented (KTH and LiTH, 2011).  

An assembly system should not be designed and built without an analysis of the company’s 

business in total. The assembly system must be seen as a part of a larger total system and should 

be optimized regarded in such perspective. The optimal system for a production manager is not 

always the same as what, for example, the marketing department requests. In the development of 

an assembly system all factors affecting the systems profitability needs to be taken into account. 

This may seem obvious, nevertheless in practice, companies lack in this perspective. Frequently 

the cost is in focus, although it is the difference between revenues and costs that is important. 

Further, since there can be limitations regarding the technology, it is not always accurate to do 

automation changes even if the economically aspects are promising (KTH and LiTH, 2011). 
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2.1.3 Design for assembly  

When developing a product there are several parameters that affect the product’s final 

construction: appearance, usability, simplicity to manufacture, and time limits. A parameter that 

frequently gets low attention is whether the product is made for assembly, or in other words if it 

is designed for assembly. Design for assembly (DFA) is, in the version devoted to manual 

processes, a method developed to evaluate products and different solutions regarding 

construction according to how long time it takes to assemble. The generic name DFMA consists 

of DFM respectively DFA, and is an abbreviation of design for manufacturing and assembly
1
. 

Except from above mentioned, DFA describes whether the detail is a candidate to be eliminated 

or integrated with other details (Nof et al., 1997). DFA in general may address both the manual 

or automatic assembly, while a design for automatic assembly, DFAA, focuses only on 

automatic assembly. A method for DFAA
2
 was developed by Eskilander (2001) and besides 

from the time consumed while assembling, also supports analysis of costs. A visualization of 

what Eskilander (2001) describes, in his doctoral thesis, as general benefits from working with 

DFA-tools is summarized in Table 1, while DFAA is further described under the heading below. 

Table 1. A visualization of the general benefits from working with DFA-tools. 

Fewer details: Simplified design: 

Lower material cost Higher quality 

Fewer details to design Fewer tools and fixtures 

Fweer sub-contractors Simpler and less expensive assembly system 

Lower WIP and storage Shorter assembly time 

Simplified logistics Manufacturing of scale? 

Less purchasing Flexible and automated assembly 

Workflow of DFAA 

The process of performing a DFAA analysis can be used early in the product development, 

already during the concept phase and further until finished prototype or product. The evaluation 

consists of two parts: product level and detail level. The recommendation is to start on the 

product level and after that evaluate the consisting details. The workflow can be described as 

following (Eskilander, 2001):  

 Product level analysis. Superior structure is analyzed.  

 Detail level analysis. Each detail is analyzed regarding function, handling, and interface. 

 Summary of the analysis. 

 Check for potential improvements.  

 Better the construction regarding suggested improvements. 

 

                                                 
1
 In this master thesis only DFA is going to be considered. 

2
 In literature occasionally referred to as DFA2. 
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 New analysis to measure the bettering. 

 Calculate cost savings. 

Except of the qualitative analysis that also DFA include, DFAA also takes quantitative aspects 

into account. During the last step, a cost analysis including: volume, needed investments, cost for 

introducing new details, and labor cost, should be performed (Eskilander, 2001).
3
 

2.2 Automation 
Machines and automated equipment can perform and achieve the most outstanding tasks. 

Although the technology has developed highly the last decades is there a sharp distinction 

between what machines is good at and what humans do better (Tangen et al., 2008).  A typical 

explanation of automation is given by Dictionary.com’s (2014) first definition: 

“The technique, method, or system of operating or controlling, is a process by highly automatic 

means, as by electronic devices, reducing human intervention to a minimum.” 

In many cases, automation is more than a replacement of employees (Tangen et al., 2008). 

Hence, it may be considerable to instead define automation as Dictornary.com’s (2014) 

secondary definition: 

“A mechanical device operated electronically, that functions automatically, without continuous 

input from an operator.” 

The challenge with automation is to find the best solution for both short and long term (Fasth, 

Stahre, and Dencker, 2009). In order to achieve the challenge, it is important to prepare the 

system; original system should work as well as possible before automation. Frequently, 

companies try to solve non-technical problems with technical solutions and then get unsatisfying 

results (KTH and LiTH, 2011). 

Many decisions depend only on quantifiable parameters, such as the labor cost, although there 

are other parameters that need to be taken into account. Companies that do not consider 

flexibility, time, and level of automation when changing the assembly system, risk over-

dimensioned or under-dimensioned automation, inflexible systems, and operators that is over-

stimulated or under-stimulated (Fasth et al., 2009). Tangen et al. (2008) describes three general 

questions according to decisions about automation, see Figure 2.  

                                                 
3
 For a more throughout description of DFAA see Eskilander’s doctoral thesis: Design For Automatic Assembly – A 

Method For Product Design: DFA2, Royal Institute of Technology, Stockholm, Sweden, 2001. 
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2.2.1 Motives and barriers  

Flexibility, lead time, capacity, and quality are some parameters that should be taken into 

consideration when deciding about automation (Fasth et al., 2009). Summarized in Table 2, 

Groover (2001) and Wickens, Lee, Liu, and Gordon-Becker (2004) presents a number of reasons 

to automate. 

Table 2. Summary of different reasons to automate. 

 Groover (2001) Wickens et al. (2004) 

1 Increase labor productivity. 
Impossible or hazardous work for 

humans. 

2 Reduce labor cost. 
Difficult or unpleasant work for 

humans. 

3 Mitigate the effects of labor shortages. Extension or human capability. 

4 Reduce or eliminate routine manual or clerical tasks. Technical feasibility. 

5 Improve worker safety.  

6 Improve product quality.  

7 Reduce manufacturing lead time.  

8 Accomplish processes that cannot be done manually.  

9 Avoid high cost of not automating.  

 

In the same time as inappropriate work tasks drives automation, the human unique flexibility and 

adaptability can be expensive and difficult to automate. The limits for what that can be changed 

is narrowed, both according to product and production. Hence, automation is frequently adapted 

to standard products and large series. Other barriers to automation can be a preconceived 

negative attitude at the company, insufficient production volume or that inappropriate design 

regarding manufacturing or assembly creates obstacles for automation (Tangen et al., 2008).  

Olhager (2010) emphasizes that the value for the customer typically is a combination of different 

competition priorities. A company does not just compete with one factor; all relevant factors 

must be taken into account (Olhager, 2010). Cost, quality, delivery capability, and flexibility are 

different parameters that are classified as competition priorities (Olhager, 2010; Tangen et.al., 

2008). The competition priorities can be broken down to clarify what respectively of the 

What is the purpose of the automation and what is it worth to achieve this purpose? 

 What will it cost to achieve the purpose? 

 
What is the reliability of the answers to the first two questions? 

 Figure 2. Three general questions regarding decisions about automation. 
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categories include. A summary of the different competition priorities and a breakdown of those 

can be seen in Table 3 (Tangen et al., 2008). 

Table 3. Summary of different competition priorities. 

Competition priority Description Breakdown 

Cost 
Low price requires 

low costs. 

Initial cost - Cost to manufacture a specific product. 

Price - The price for which a product or service are 

sold. 

Quality 
High quality and 

high service level. 

Reliability – The probability that a product is durable 

for a certain time. 

Requirements – Meet pre-determined standards and 

tolerances. 

Delivery capability 
Quick and safe 

delivery.  

Availability – The probability that the product can be 

delivered on time. 

Lead time – Time between order and delivery. 

Precision – The right product delivered in time and 

in the correct quantity. 

Delivery flexibility – Ability to meet customer needs. 

Flexibility 

Provide the 

customer with 

choices. 

Volume flexibility – Ability to adjust to changes in 

demand. 

Product flexibility – Ability to manufacture different 

types of products without changing the production 

system. 

Material factor – Ability to adjust the manufacturing 

sequence due to changes in incoming material. 

 

Noteworthy is that many reasons for automation is similar to effects’ that can be achieved 

through other solutions. Lean Production can for example, if applied successfully, positively 

affect quality, cost, and safety within the work environment. Further for automation interesting 

parameters, such as flexibility, delivery capability and productivity can also rise through a well-

functioning Lean Production (Petersson, Johansson, Broman, Blücher and Alsterman, 2011). 

2.2.2 Flexible production 

Flexibility is a complex question since it normally decreases when using a more automated 

system (Tangen et al., 2008). Further, it is much about adaptability to changing conditions. In the 

long term it is about ability to quickly develop new products and production systems, and to 

integrate those in an existing product or production system. A flexible system has the ability to 

handle new technologies and to re-use details of existing production system also in the next 

generation of products (Olhager, 2010). 

Fasth’s doctoral thesis includes a summary of different types of flexibilities and related 

definitions according to a number of authors within the research field (Fasth, 2012). Out of these, 

volume flexibility and product flexibility have been chosen and are together with their 

definitions presented in Table 4.  
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Table 4. Volume flexibility, Product flexibility, and corresponding definitions. 

Author Volume flexibility Product flexibility 

Gerwin (1983) 
The ability to handle a change in 

volume for a specific unit. 

The ability to add and remove details 

from the mix over time. 

Browne et al. (1984) 

The ability to manufacture 

profitability in spite of a shifting 

manufacture volume. 

The ability to manufacture a product 

in an economical way. 

Mattson (2004) 
A company’s ability to adjust 

volumes to variations in demand. 

A company’s ability to produce 

customized products within a given 

product concept and lead-time that 

fulfil customer demands for 

variation. 

Slack (2005) 
The ability to change the level of 

aggregated output. 

The ability to introduce novel 

products, or to modify existing ones. 

Ståhl (2006) 

The ability to change production 

volume while retaining the 

effectiveness and moving costs tied 

to the production tact. 

The ability to develop, buy and 

produce new products and to modify 

the product and assembly system for 

normal and nominal production. 

2.2.3 Human touch in automation systems 

Despite to that the technique has developed the last decades; there is a distinction between what a 

machine is good at and what humans do better. The human does trivial changes and understand 

patterns in a better way than a machine can. A human can also adapt to new concepts and future 

changes more quickly (Tangen et al., 2008). 

An automated assembly process normally provides a better quality in the long run, while it still is 

less adaptive than a manual assembly (Tangen et al., 2008). Further, automation does not 

necessarily remove human job opportunities. It is just other types of work assignments that are 

needed in an automated process. There is a need of employees that can control the material flow, 

ensure that the system is provided with correct information, and who solve problems that arise 

(KTH and LiTH, 2011). 

2.2.4 Levels of automation 

Assembly flows consequently have to get the right things, to the right place, in the right time. 

Further, it needs to be flexible according to an ever-changing world and global competition. In 

order to achieve in those circumstances, a part of the companies’ solution can be to implement 

suitable automated equipment. One way of considering what that is suitable automated 

equipment is to use what Frohm (2008) describes as the concept level of automation (LoA), 

which definition is: 

“The allocation of physical and cognitive tasks between humans and technology, described as a 

continuum ranging from totally manual to totally automatic.” 

Nevertheless, it is not unusual that companies consider automation investments as something 

drastically that either is complete or none automation. This is not ideal since there is not 
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necessarily a need to choose between humans or machines. The workload can instead be solved 

by cooperation between these two, which proportions can be called the level of automation 

(Frohm, 2008). This is also supported by Figure 3, in which it is illustrated that the most 

economical solution frequently are to be found within the field of semi-automatic assembly 

(KTH and LiTH, 2011). 

  

Figure 3.  Automation optimum in relation to cost. 

In Table 5 the term level of automation is described through two reference scales, both with a 

short description for each level. The scales can generally be described as a range between totally 

manual and totally automatic (Frohm, 2008). 

Table 5. Reference scales describing the range between a totally manual and a totally automatic 

process. 

Level Mechanical and Equipment Information and Control 

1 Totally manual Totally manual 

2 Static Hand tool Decision giving 

3 Flexible hand tool Teaching 

4 Automatic hand tool Questioning 

5 Static workstation Supervising 

6 Flexible workstation Interventional 

7 Totally automatic Totally automatic 

 

It is of importance to measure each scale separately and through that the level of automation can 

be presented on the form [Mechanical and Equipment LoA; Information and Control LoA] 

(Frohm, 2008). Mechanical and Equipment represents physical tasks, an automatic hand tool, 

which is level four, can for example be represented by a screw driver. Information and Control 

are leveling the interaction between the physical task and the human that operates the process. 
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An example of level one is given the description that “the user creates his or her own 

understanding of the situation and acts based on previous experience and knowledge”, and not 

by for example instructions about how the task can be achieved (Frohm, 2008). 

Level of Competence and Level of Information 

There is not just level of automation that is relevant to be considered, there are also level of 

competence (LoC) and level of information (LoI). Level of competence describes a group’s 

collected knowledge of the system and level of information describes how the information is 

delivered between the different departments at a company. Consideration of these parameters, 

and also level of automation, shall increase a company’s proactivity. 

The Dynamo method 

The Dynamo method was developed during the years 2004 to 2007 thru the Dynamo project
4
, 

and is a qualitative methodology to measure and analyze levels of automation. By using the 

method, a minimum and maximum level of the analyzed company’s automation strategy are 

decided (Fasth, 2012). Stepwise the methodology is described in Figure 4 (Frohm, 2008). 

 

Figure 4. A summary of the different steps in the Dynamo method. 

The Dynamo method is originally described as if a human outside the company evaluates it. In 

following text the method has been adjusted in order to be independent by who that is measuring. 

A significant activity throughout the whole process should be the documentation (Frohm, 2008).  

                                                 
4
 The Dynamo (Dynamic Levels of Automation for Robust Manufacturing Systems) project was a project financed 

by The Swedish Foundation for Strategic Research. 

Plan ahead before measurement 

On site, start with a pre-study to identify a process 

Visualize and identify the production flow 

Identify the main task for each section/cell 

Identify sub tasks for each section/cell 

Measure LoA 

Asses LoA, set relevant maximum and minimum levels 

Analysing the result 
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The first step is to discuss the goal and purpose of the measurement, and which delimitations the 

production flow possesses. For example the goal can be to maximize or minimize the level of 

automation. While collecting the basic information shall also operation instructions for the flow 

be gathered. The next step is to identify the purpose of the production flow from the company’s 

perspective and where the flow of observation starts and ends. Further, the measurement is 

presented by a run-trough of the method with the employees involved. This step is significant in 

order to ensure that the purpose of the measurement is not misunderstood, since it focuses on 

how the tasks within the production flow are conducted. The third step is to visualize the 

production flow through a flow chart and define its activities and tasks. Each activity or task is 

analyzed to identify its purpose. Data about products and variants passing through should also be 

documented. To simplify and structure the breakdown from activities to tasks, a method 

described further in the subchapter Hierarchical Task Analysis, can be used (Frohm, 2008). 

After decomposition of the flow, level of automation is judged based on the two previous 

mentioned reference scales, Mechanical and Equipment and Information and Control, which 

were presented in Table 5. For each task the level of automation is based on how it is done and 

what type of interaction that is included in achieving the task. To increase the strength of the 

method and to ensure a correct result, different operators performing the task can be observed. 

When the level of automation measurement has been done and judged regarding to the reference 

scales, the next step is to estimate a suitable maximum and minimum level of automation for 

each measured task. Appropriate employees with understanding about the tasks, frequently 

technicians and operators, are spoken with for a discussion about automations boundaries 

(Frohm, 2008). 

The last step consists of analyzing the result from the level of automation measurements and the 

estimation of relevant maximum and minimum levels. By analyzing, conclusions can be drawn 

about the tasks automation potential. Further an action plan is arranged and dates for actions are 

settled. During the level of automation analyze phase, data sheets including both the physical and 

the cognitive level of automation are filled in. An example of such sheet, Square of Possible 

Improvements, SoPI, can be seen in Figure 5 (Fasth, 2012). 
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Figure 5. Square of Possible Improvements, SoPI. 

As seen above, the current state for the task is LoA [1;1] and the different possible solutions are 

represented by the dark grey fields on which the arrows are pointing. Depending on how the 

movement in this sheet is done, varying levels of effort and competence will be needed (Fasth, 

2012). The SoPI matrix size is seven by seven and hence there are 49 possible solutions for the 

future state (Fasth, 2012).
5
  

Dynamo++ 

Fasth et al. (2009) have developed the Dynamo method into a version named Dynamo++. The 

developed method differs from the original by an extended focus on mainly the analysis step. For 

example, the Dynamo++ includes the importance of Lean awareness in order to be successful 

                                                 
5
 All data sheets that are included in a Dynamo analysis can be seen in Frohms doctoral thesis, Levels of Automation 

in Production Systems, Chalmers University of Technology, Göteborg, Sweden, 2008. 
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with modification steps. Further, video analysis and value stream mapping are presented as tools 

to get a deeper understanding of the current system. Fasth et al. (2009) also discuss that 

consideration about the operator group’s level of competence should be taken in order to be 

successful in future changes. 

Hierarchical task analysis 

Hierarchical task analysis, HTA, is a commonly used technique for task analysis. During the 

analysis, the task is broken down into several hierarchies as goals, sub goals, operations and 

plans. The hierarchical task analysis is flexible and gives a scope for further analysis of the sub-

goal hierarchy. The method, which consists of six steps, can be seen in Table 6 (Stanton, Baber, 

and Harris, 2008).  

Table 6. The steps included in a hierarchical task analysis. 

Step Description 

1 Define task under analysis 

2 Data collection process 

3 Determine the overall goal of the task 

4 Determine task sub goals 

5 Sub goal decomposition 

6 Plans analysis 

 

The first step is to define the task under analysis and also the purpose of its effort. Further, the 

second step consists of the data collection process. The data should be information about the 

used technology, decision making, task constraints, and the interaction between man, machine, 

and team members. The data can be collected with observations, interviews and questionnaires. 

The third step is to determine the overall goal of the task, and should be specified at the top of 

the hierarchy. The fourth step contains the overall goal broken down into meaningful sub goals. 

This shall lead to achievement of the tasks overall goal. In the fifth step the task will be broken 

down into further sub goals and operations. The last step consists of the plans that need to be 

added when the sub goals and operations have been fully described (Stanton et al., 2008). 

2.3 Company mission 
In order to understand what the company wants to accomplish, for whom and what the company 

distinguishes itself as against others in the market, the company needs a mission. The top 

management is responsible of ensuring that there is a common view of the future, a mission 

including a vision, for the organization (Bergman and Klefsjö, 2012). The vision should be a 

picture of a desired future state for the organization. An engaging well-communicated vision 

creates power and can raise the employees, and thus the organization, from the ordinary to the 

extraordinary. The vision needs to be broken down to short and long term goals, preferable 

together with the employees in order to provide those with ownership for the company’s mission. 
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If the company is missing a vision, few things will work as good as they could. The vision must 

be visual, desirable, clear, flexible, able to be communicated, and stable. Further, the desired 

goals need to be SMART
6
 (Bergman and Klefsjö, 2012). An assembly system should not be 

designed and built without that its significance to the rest of the company is analyzed (KTH and 

LiTH, 2011). 

2.3.1 Decision making 

There is a need to strive in the same direction all way from company strategy to production 

development strategy in order to develop competitive production systems systematically. It is 

described that extensively authors in strategy literature mentions competition priorities when 

discussing the relationship between a company’s business strategy and functional strategy 

(Tangen et al., 2008). 

Bergman and Klefsjö (2012) describe the importance of basing decisions on facts in offensive 

quality development. The decisions need to be substantiated and separated from letting random 

factors be essential. It is required facts that need to be identified and analyzed. Customer focus 

cannot just be a slogan; it requires systematic collection of information about customers’ needs, 

desires, reactions and opinions. Statistics show that only 25 % of all new products become 

successful on the market, and that may depend on not enough information about what the 

customers want. The decisions have not been based on enough facts and enough knowledge 

about the released product (Bergman and Klefsjö, 2012). Further, Frohm (2008) expresses that 

“The main reason that an automation project ends in failure is unrealistic or undefined 

objectives”. 

To secure the result related to decisions about production, it is important to use a certain 

methodology. There are usually many measurements in production, but the information is rarely 

used to draw conclusions about the production process. Basing decisions on facts means to 

actively seek and compile appropriate information, which is afterwards analyzed. Based on the 

analysis are conclusions drawn, and those leads to a decision whether to change or not (Bergman 

and Klefsjö, 2012). 

2.3.2 Company mission as a management tool  

In a study by Bart (2004) the linkages among firm innovativeness, company mission, employee 

commitment, and selected organizational learning practices were determined. In nowadays 

society a dominant factor for the nation’s economic growth is innovation. Hence, organizations 

need to be quick-footed and prepared to introduce new generations of products. If a company 

wants to stay ahead of their competitors they need to deliver something unique and have 

employees that understand and value innovation. This does not happen automatically. A 

company’s mission is necessary and should answer the most important strategic questions. To set 

the tone and direction for driving innovation and employees’ commitment, the mission statement 

                                                 
6
 SMART stands for: Specific, Measurable, Attainable, Relevant and Time-bounded. 
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needs to be a useful and powerful tool. The ability to recall the mission for decision making leads 

to the employees’ willingness to commit to their mission’s achievement. This makes the mission 

to the most popular management tool in the world (Bart, 2004). 

2.4 Models regarding automation decisions 
As previous mentioned, when making decisions regarding automation it is relevant to follow 

some kind of model. The model should contain a sequential way to work through the decision 

process (Bergman and Klefsjö, 2012). Below a number of currently existing models for such use 

a presented. 

2.4.1 Model for automation strategy 

Granlund and Friedler (2012) describe a model for the formulation of an automation strategy, 

how the automation strategy can be developed, what it should include, and how it can be used. 

The model starts with stating the overall business mission, vision, and strategy for the specific 

company. There is also significant to state functional visions and strategies. The next step is to 

divide the content in the strategy in four areas: organization, technology, process, and economy. 

These categories have several subheadings with their own issues and aspects to consider. A 

schematic view of the Granlund and Friedler’s (2012) automation strategy model can be seen in 

Figure 6 (Granlund and Friedler, 2012). 

 

 

Figure 6. Schematic view of an automation strategy model. 
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To have a successful use of automated equipment that fulfill the company’s needs, goals, and 

prerequisites, the key is to find both the right type and the right level of automation. This model 

can provide support in increasing the company’s competitiveness and productivity (Granlund 

and Friedler, 2012). 

2.4.2 Model for automation decisions 

Tangen et al. (2008) describes a model for making decisions about automation. The aim with the 

model is to provide an idea about if the activity or task is suitable for automation or not. The 

model consists of four steps including: listing all processes, identifying candidates for 

automation, analysis of consequences, and documentation. 

The first step consists of listing all the processes, which for example can be processing, 

assembly, storage, and administrative tasks. Following step is the questioning part, for instance; 

if the process is 3D
7
, if it requires even and high quality, and if there are sufficiently skilled 

employees to perform the process manually. Further questions to ask are; if the task can be 

performed manually, if there is potential for cost savings or revenues, and if the operating time 

can decrease through automation. Each of these questions should be valued with the digit one, 

three, or nine, which means no, maybe, and yes. A process that gets a mean value over three 

shall be further analyzed regarding potential for automation. In the third step the processes is 

drawn in sequences and questions are answered about if the products is designed for automation, 

if upstream or downstream processes get affected unfavorably, if the important human 

monitoring aspect still is a part of the process after automation. The last step consists of 

documenting processes in the production layout that shall be considered to be in some way 

automatic (Tangen et al., 2008).  

2.4.3 Model for implementation  

Tonnquist (2010) describes a model for implementation, which can be used if the result of a 

project is to be implemented. The implementation can be a separate project or a part of the whole 

execution. It is up to the project’s nature and scope to determine what it should include. The 

implementation requires an equally careful preparation as present execution. Many projects fail 

since the implementation has not been enough planned (Tonnquist, 2010).  

It is significant that the project manager is strict with changes in the implementation phase of a 

project. The later a change is done the more expensive it is, and it is frequently considered too 

late to make changes during the implementation. The project manager will probably collect all 

the ideas that come up, however, meet and resolve them after the project is finished (Tonnquist, 

2010).  

                                                 
7
 An abbreviation for Dirty, Dangerous, Demanding. 
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There is no other point during a project when time is as crucial as during the implementation. A 

slow implementation can lead to that both interest and motivation among the employees 

decrease. The project can also seem to be uncompleted or not thought out. The faster the projects 

result is implemented, the faster effects will be achieved and thus the revenues or cost savings 

will come. During the implementation the aspects presented in Figure 7 needs to be documented, 

examined, and approved (Tonnquist, 2010).  

 

 

 

A project manager can forget that others sometimes not have all the information that the manager 

himself possess. Further, the time needed to receive and interpret new information should not be 

underestimated. There is easier for the recipients to accept the result if the project is anchored 

before it is delivered or implemented (Petersson et al., 2011; Tonnquist, 2010). It is significant to 

involve users in the development process as soon as possible. New procedures and working 

methods may be perceived annoying at first, although if the project manager gets the employees 

to participate and influence, the project members will feel more involved and hence respond to 

the changes more beneficially (Tonnquist, 2010). 

  

 Who the recipient is and who that is responsible for the implementation. 

 Why the result shall be implemented and who that needs to be addressed.  

 Prerequisites to introduce the project. 

 Current state with factors for and against the implementation. 

 Updating the interest analysis with focus on the introduction. 

 State what that should be done through S.M.A.R.T. goals. 

 A performance specification for the implementation. 

 Prioritization of what that is most significant to achieve: quality, time, or cost. 

 Choice of method to minimize disruption during implementation. 

 How and when the result shall be implemented. 

 Roles including well defined and established powers and responsibilities. 

 The budget broken down into tasks and calendar time. 

 When the implementation needs to be completed and how it shall be approved. 

 Risk analysis with action plan and a focus on the implementation. 

 
Figure 7. Important aspects during an implementation. 
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3 Methodology 
This section explains the master thesis  methodology, both according to the 

literature review and the empirical study. The section also discusses how the chosen 

methodology affects the quality of the report and its conclusions.  

3.1 Choice of methodology 
Since the purpose of this master thesis was to provide knowledge about automated assembly, 

both a deep understanding of relevant theories and of reality was required. To reach this level of 

understanding a qualitative study is preferred (Collis and Hussey, 2009). Since this master thesis 

aims to deliver a guideline, which is desired to work as a support for future decisions, the 

qualitative study has been supported with quantitative data.  

Collis and Hussey (2009) tell about the most widely used research methodologies. Since the 

topic under investigation are tightly bounded to data collected and chosen to be relevant for 

FLIR Systems, this master thesis methodology is a case study. Furthermore the study is a case 

study since the research aims not only to explore a certain phenomena; it also aims to create 

understanding within a particular context (Collis and Hussey, 2009). In following subchapters, a 

description is given about the systematic combining of theory and empirics, which are necessary 

to obtain a complete understanding for the master thesis subject (Collis and Hussey, 2009). 

3.2 Research process 
The steps that were included in workflow, and that have been conducted during the master thesis, 

are illustrated in Figure 8. A further description of the literature review, empirical study, analysis 

and conclusions are presented downwards. 

Figure 8. The master thesis workflow. 

The master thesis started with the initial process where the areas of interest were defined and the 

research question was identified. The literature review was carried out through finding and 

studying relevant literature. This was followed by the empirical study, were the current state at 

FLIR Systems was defined. After the literature review and the empirical study were done, the 

analysis was performed. The analysis linked the literature review with the empirical study, which 

finally resulted in conclusions drawn during a discussion. 

However, the tasks within the workflow have partly fallen into each other. The process has not 

entirely been linear, and the work can be described as a rather continually work with several of 

the above mentioned tasks, where everything in the end have been woven together into this 

Initial process 
Literature 

review 
Empirical 

study 
Analysis Conclusions 
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master thesis. According to Collis and Hussey (2009) the information that is considered too 

detailed or not sufficiently relevant are presented in appendix, instead of in the main part of the 

master thesis.  

3.2.1 Literature method 

To create a picture of the studied topics, a thorough literature review was conducted. Information 

for the literature review were collected from secondary sources, such as articles, research papers, 

educational books, and other relevant literature that were considered being of importance to 

answer the research question. Articles, reports and doctoral theses were searched and collected 

primarily from Google Scholar and KTHB Primo. The books were found at KTH library and at 

the Stockholm Public Library. In order to provide an overview about studied topics, a map of the 

literature is shown in Figure 9. Most relevant keywords that were considered during the literature 

review were: automation, assembly, automated assembly, company mission, decision model, 

implementation, and level of automation.  

 

The literature which is presented in this master thesis is part of what that has been considered as 

most relevant for the study. Hence, as an example, the models studied are more than the three 

presented in the literature review.  

3.2.2 Empirical method 

To reach the master thesis objective, several ways of collecting both qualitative and quantitative 

data have been performed. Observations of the assembly process have been done both in the 

production plant in Täby and the plant in Tallinn. Significant data has been collected and this has 

given a deep understanding of the current situation and existing problems at FLIR Systems. 
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Figure 9. The master thesis map of literature. 
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Semi-structured interviews were used to achieve relevant empirical information about the current 

state at FLIR Systems. Semi-structured interviews were chosen to obtain the participants options 

and belief about the particular situation and to understand the respondents’ world. This provides 

an opportunity to do a deep analysis of the subject (Collis and Hussey, 2009).  

The employees that were interviewed have been working at FLIR System from one up to more 

than ten years. Further, the employees that were interviewed are persons with varying previous 

experience about automation, picked randomly from the organization chart. The aim was also to 

include employees with different work titles, which also gave a spread among different 

departments. The number of interviews was 19 and those was selected out of 51 possible 

interviews related to chosen departments and positions. A summary of all the semi-structured 

interviews that have been conducted are presented in Table 7. The interviews were conducted at 

FLIR Systems in Täby, except of four interviews that were conducted in FLIR Systems plant in 

Tallinn. The semi-structured interview questions can be read in Appendix A. 

Table 7. A summary of the interviews regarding departments, positions, and quantity. 

Department Position Number of interviews 

Production Production Engineer 3 

Production Production Planner 1 

Production Production Technician 1 

Production Optics Manager 1 

Production Service Engineer 1 

Production Material Manager 1 

Research & development Project Manager 3 

Research & development Mechanical Design Engineer 1 

Research & development Electronic Design Engineer 1 

Quality Quality Manager 1 

Purchasing Project Manager, Purchaser 1 

Purchasing Purchaser 1 

Tallinn plant 
Plant Manager, Technical Manager, 

Quality Engineer, Service Technician 
4 

 

The master thesis authors had the opportunity to have work desks at FLIR Systems Täby, which 

gave a realistic and more accurate picture of the company. This also led to the possibility to have 

a continuous dialog with employees at FLIR Systems and made it easier to access data and other 

information specific for the company. Collected data and information have been gathered as the 

need has occurred. The master thesis supervisors at the company have in some cases assisted in 

finding the right employee that possesses needed information. 
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To get inspiration and knowledge to the master thesis the event Monteringsforum, a Swedish 

conference about assembly, was visited. The conference involved representatives from 58 

different organizations, including different sized companies, research institutions, and 

universities. Among these companies some held presentations about varying topics regarding 

production, assembly, and in some cases automation. 

3.2.3 Analysis and conclusions 

The information from the literature review and the empirical study has been structured in order 

to make it possible to analyze. The analysis was structured in such way that each of the three 

research sub questions was answered separately. These answers formed a basis for the 

discussion, which discuss the answer of the research question in general. By the analysis a final 

decision model was formed. The outline of the model is a combination of the three existing 

models described in the literature review, supported by the result of the empirical study. 

Conclusions were drawn about how FLIR Systems should secure requested result of future 

automation decisions related to the assembly process. FLIR Systems was also provided with 

information about in which activities and tasks the company should consider a higher level of 

automation. 

3.3 Validity and reliability 
Validity of an investigation determines how accurately the result reflects research investigated 

the phenomenon (Collis and Hussey, 2009). During a master thesis the time is a limited 

parameter, 20 weeks including writing and presentations. This meant that the master thesis 

needed strict delimitations in order to be completed in time and to ensure that the parts that were 

investigated could be studied accurately.  

To reduce the impact of individual’s personal opinions during the semi-structured interviews, 

several employees with the same role, when it was possible, were interviewed. By including 

additional employees the validity of the results increases. To increase the validity for the current 

state, a visit including interviews with employees were made to FLIR Systems Tallinn. All 

interviews were also after permission from the interview candidate recorded. The purpose of 

recording was to not miss something that was mentioned during the interviews. All interviews 

were conducted through physical meetings since that should contribute to the result positively 

(Collis and Hussey, 2009).  

Other information, for example facts, data, and history, has been collected from specific 

employees through their knowledge in the different subjects. These conversations and interviews 

have been conducted in what Collis and Hussey (2009) define as an unstructured way. Even 

though the validity of unstructured interviews is not the highest, the performed activities are 

considered raising the reports validity in total. Through this approach master thesis could get 

information about what Collis and Hussey (2009) describes as tough to directly observe: as 

motivation, satisfaction, ambition and anxiety. The validity of the research is considered being 

moderate, since the data collected from the company in some cases are approximations.   
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If the reader wants to draw general conclusions from this master thesis results, it is important to 

take into account that the case study was conducted at one specific company. Some of the results 

may be specific to FLIR Systems. The reliability of the research is based on a rigorous use of the 

methods described. 
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4 Empirical study 
This chapter describes the current state at FLIR Systems. Information is given 

about the current workflow of the assembly, aspects that could affect automation 

decisions at FLIR Systems, calculation of the recommended activities and task s, and 

finally aspects from outside FLIR Systems world . 

4.1 Case study introduction 
FLIR Systems competes on a global market with activities in more than 60 countries. The 

company is world leading in the design, manufacture, and marketing of sensor systems. The 

systems enhance perception and awareness for a wide variety of users in the commercial, 

industrial, and government markets, internationally as well as nationally (FLIR Systems, 2014). 

Below, FLIR Systems products, customers, and vision are going to be described. Some 

information about the company has been considered sensitive and is hence put under censorship 

or has been deliberately omitted in the following description.  

4.1.1 FLIR Systems products 

The company’s products, thermal imaging infrared cameras
8
, can be described as highly 

technical products including camera housing, electronics, mechanics, optics, and software. Some 

are hand held and other are for permanent installation. The products that have been investigated 

in this master thesis are similar in many ways, since they all have the different kinds of parts that 

are mentioned above. However, there are differences in how they are built and whether they have 

a display or not.  In Figure 10 three of FLIR Systems typical products can be seen (FLIR 

Systems, 2014). 

 

 

 

 

 

 

 

Thermography, also called thermal imaging, is a method that converts an object’s infrared 

radiation to heat a visible image. Thermography uses an infrared camera that records infrared 

light to see and measure the infrared radiation that an object emits. Thermal, or infrared energy, 

is not a visible for humans, since the wavelength is too long to be detected by the human eye. 

                                                 
8
 Hereinafter referred to as cameras. 

Figure 10. Three of FLIR Systems typical products. 
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Infrared radiation is part of the electromagnetic spectrum that humans perceive as heat. Unlike 

ordinary light emitting, anything that is warmer than absolute zero is heat in the infrared light. 

Even considerably cold objects, such as ice cubes, emit infrared energy (FLIR Systems, 2014).  

4.1.2 FLIR Systems customers 

FLIR Systems have a wide range of customers that can be found within the commercial, the 

thermography, and the governmental sector. The commercial sector consists of night vision 

cameras for different areas such as firefighting and security while thermography is directed to 

industry, science, test, and measurements. The governmental systems consists of thermal 

imaging and threat detection systems for security and defense (FLIR Systems, 2014). FLIR 

Systems is aware of the different customer segments, the company has a strategy to assimilate 

and to protect their own interest on the market. 

4.1.3 FLIR Systems vision 

According to FLIR Systems vision they will be the world’s sixth sense. Bringing innovative 

sensing technologies into daily life will improve the way humans live. FLIR Systems technology 

will help keep the world safe and aware, the environment clean and preserved, the communities 

healthy and entertained, and economies efficient and productive. FLIR Systems products will be 

everywhere (FLIR Systems, 2014). 

FLIR Systems strategy consists of six steps. The first step is that the company must identify 

customer needs and attack where it is appropriate, the second step is to lower the cost and 

increase awareness of infrared technology, and the third step is to control the markets corners. 

FLIR Systems describes their fourth step as that the company need to prepare for the future of 

sensors everywhere by driving multiple strategic strengths; top brand, broadest distribution, most 

innovative products and services. The fifth step is to build trust with stakeholders, including 

current and future customers, shareholders, employees, and communities through ethical conduct 

in all business practices. The sixth step is that financial discipline will enable and define ability 

to deliver value for stakeholders. FLIR Systems summarizes the vision with their three brand 

values: innovation, quality, and trust (FLIR Systems, 2014). 

4.1.4 Automation history at FLIR Systems 

Currently the company does not possess an established model to follow during process 

development projects regarding automation. The process is not standardized and hence the result 

of earlier changes regarding automation has had varying and pre uncertain effects. Further, the 

purpose and goals of previous automation often have been unclear. This has caused skepticism 

towards automation among the employees, both in production and on a management level.  

In the late 1990s both engineering and production worked overtime because of an increased 

demand of cameras. The employees felt stressful and exhausted due to the overtime work, 

though FLIR Systems thought implementations of robots and other automated equipment should 
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solve this. Around year 2000 the change from static hand tools to automatic hand tools were 

done, for example pneumatic screw drivers were implemented.  

During a previous automation project called Matrix, a change that let the cameras software direct 

the calibration process was made. The calibration had previously been controlled by separate 

software at each calibration step. In parallel with the Matrix project, FLIR Systems started to 

produce a cheaper camera and also to sketch the cameras in 3D. The camera house were milled 

instead of molded, this result in less wasted material and better precision on the camera house. 

Another automation project was a robot cell for camera calibration, called Baltazar. The robot 

cell consisted of a robot on a conveyer that transported cameras from the incoming position to 

the calibration area. The robot moved the camera between different calibration windows and the 

robot hold it there until each calibration step was finished. From the beginning the idea was that 

Baltazar should just perform the calibration for one camera type. However, by the time 

additional camera types were added. Problems increased and the work of improvements was not 

a priority. There was also plenty of time to adjust the system for the added camera types. An 

employee during an interview said that “One must dare to cancel a project when you realize that 

it is not going well”, while another employee described the Baltazar project as “Too advanced 

for its area of use”.  

A project that had a better result, and which outcome is currently used, was the raise of 

efficiency in lens polishing. The polisher went from handle a single to ninety-six cameras per 

cycle, of course with a bit longer cycle time, but with the possibility to perform other steps while 

the polishing is in progress. A timeline illustrating previous changes through automation projects 

can be seen in Figure 11. 

 

Figure 11. Previous automation projects. 

4.2 Current state at FLIR Systems 
In order to get knowledge about the company’s current state, a number of areas have been 

investigated. Among these are, as presented below, current workflow, employees’ knowledge 

about automation, and view of quality. 

At FLIR Systems an industrialization group is responsible for the industrialization part in the 

company’s projects, specifically that necessities in the Production Requirements Specification, 

PRS, is reached. Currently the industrialization group documents their work continuously during 

the process, however, documentation regarding mistakes made during the projects are rarely 

written. Among what that is important to succeed in these projects the industrialization group 
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manager describes that a project group needs understanding and also a will, from both the whole 

project group and from management level, that automation is relevant to consider.  

In order to keep up with new technology and its trends, the industrialization group connects with 

other companies in order to share knowledge and to get inspiration about each other’s 

production. The employees do not have any specific education within industrialization, but the 

industrialization manager emphasis that the group in parallel with the initiation of this master 

thesis has seen the possibilities in a future cooperation with the academic world of knowledge.  

4.2.1 Current workflow 

Assembling at FLIR Systems is today a process with activities performed on a range between 

automatic to manual, mostly low level semi-automatic assembly. The manual tasks are carried 

out by varying assemblers and operators. To facilitate the assembly, screwdrivers, a few 

conveyors, and in some cases fixtures are used. Additional material for assembly and packaging 

are stored in small boxes next to the working stations. When these boxes need to be refilled, both 

the indication of need to refill and the refill are carried out manually. The additional details in the 

specific stations are feed to the assembler manually, and can consist of screws, glue, rubber 

seals, cartons, brochures and other similar details. FLIR Systems produce a wide spectrum of 

products which have differences in their assembly process, frequently depending on the cameras 

complexity. The customer order decoupling point is placed in the final assembly. To get an 

overview of a general current assembly flow at FLIR Systems, see Figure 12.

Figure 12. A general assembly flow at FLIR Systems. 
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The assembly flow consists of a number of tasks such as assembly, calibration, configuration, 

tests, packaging, a recurrent need of transportation of the assembly flow, and addition of details 

and components. Each task can further be divided into a more general activity. Some tasks 

consist of multiple activities, and in these cases the tasks have been sorted according to the most 

significant activity. Such division for the example flow is presented in Table 8. 

Table 8. Tasks sorted by most significant activity. 

Assembly Test/IT Packaging Transportation 

Sub assembly 1 Test 1 Packaging and addition 

of accessories 

Assembly flow 

Sub assembly 2 Test 2  Additional details flow 

Sub assembly 3 Temperature chamber   

Assembly Calibration   

Final assembly Image control and upload   

 Configuration   

 

The reason of dividing the steps into activities is to distinguish which areas that are most relevant 

for further investigation regarding automation. This has been done by evaluating the tasks with 

respect to a number of relevant parameters, which by support of theory have been chosen. Data 

for the parameters in relation to the specific tasks were gathered and further translated into a 

scale between zero to five, depending on if, and how much, impact the parameter have on raising 

the tasks level of automation. The different activities and tasks can later on be compared, and a 

higher value means more potential for a higher level of automation.  

The different parameters have also been weighted with a certain value depending on their 

importance. In order to match the company’s priorities, the importance has been decided both 

with support by theory and also by approval from the company. An example of the sheet used for 

the scoring of different tasks can be seen in Table 9, while the result from the entire scoring can 

be seen in Appendix B. The values are converted values based on above mentioned scale, which 

exact definition can be seen in Appendix B. Differences in the products assembly flows can also 

be seen through the list of included tasks in Appendix B.  
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Table 9. Example of the used sheet for ranking between tasks and parameters. 
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Sub assembly 1       

Sub assembly 2       

Sub assembly 3       

Main assembly       

Test       

Heat cabinet       

Calibration       

Image control and upload       

Final assembly       

Configuration       

Packaging and addition of accessories       

Assembly flow       

Additional details flow       

 

Above task investigation has been done on four different products in the, according to FLIR 

Systems, high volume segment. Since the tasks have been linked to most significant activity, and 

each activity has also been summarized through a mean value, telling if the activity should be 

further investigated. For the four different products, the activities respectively tasks, are 

presented in Table 10 been found most relevant for a raise in level of automation. 

Table 10. The task within each activity that has the highest potential for a raise in level of 

automation. 

Product Activity Task 

1 Packaging Packaging and addition of accessories 

2 Assembly Main assembly 

3 Packaging Packaging and addition of accessories 

4 Packaging Packaging and addition of accessories 

                                                 
9
 Yield is the percentage of products that manage to pass a specific test on the first try.  

10
 OOBF, Out Of Box Failure, tells about how many products that face a customer complain. 
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To get a more general view about areas of recommendation the results also has been summarized 

through a mean value for all four products. When summarizing the result from the task analysis 

for all different products, the result is as presented in Table 11.  

Table 11. Automation potential among the different activities. 

 
Assembly Test/IT Packaging Transportation 

Mean value 21,5 14,8 23,3 14,8 

 

As seen in Table 11, the activity Packaging have the highest value and hence the highest 

potential for automation. Within this activity, the mean value for the task Packaging has the 

highest potential for automation and can be seen in Table 12. 

Table 12. Automation potential for the task that is included in the activity with highest potential. 

Task Mean value 

Packaging 23,3 

4.2.2 Certain parameters 

Some of the previous mentioned parameters have been further investigated and are below 

presented with additional information related to FLIR Systems production. This information is 

presented below and regards quality, volume, delivery capability, and work environment. 

Quality 

Several of FLIR Systems unnecessary cost for quality defects arise from the low yield in product 

quality. This occurs, according to the Quality Manager at FLIR Systems, from the not always 

working business process. In the same way as a right implemented automated production process 

can decrease the variation of product quality, can automation of business processes decrease the 

variation of using different processes decrease yield and increase the predictability. 

Also quality in terms of Out Of Box Failure, OOBF, has been analyzed more deeply. Statistics 

about year 2013 show that more than 40 % of the Out Of Box Failure has occurred through 

defects related to sub-contractors. Most common fault reasons, among failures that can be 

identified as caused by FLIR Systems, are that the camera delivered holds wrong lens or that 

there is something wrong regarding the camera’s temperature range. 

Volume and Delivery capability 

The four investigated products are among these that FLIR Systems consider as high volume 

products. Noteworthy is that during discussions with the authors supervisor at KTH, Dr. Maffei 

(2014) mentioned that high volume in this type of industry generally can be defined as above 

100 000 units/year. In Figure 13 the quantity and the variation in demand for three of the 

products in the study are shown. 
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Figure 13. The demand for Product 1, Product 2 and Product 3 between March 2012 and March 

2014. 

As seen in Figure 13, the demand is increasing for two products while the third products demand 

is stable. While the three first presented products have a demand of about 500, 1800 respectively 

3600 units per year, the fourth product, as seen in Figure 14, have a rising trend a current 

production volume of approximately 30 000 units per year. According to Maffei (2014), Product 

1, Product 2 and Product 3 are to be considered as low volume while Product 4 is medium 

volume.  

 

Figure 14. The demand for Product 4 between August 2013 to March 2014. 
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Worth to mention is that Product 4 has a shorter time span on the horizontal axis since it is a 

newer product. The current production performs in one shift both in the Täby and the Tallinn 

plant. It was in 2007 FLIR Systems invested in the first production plant in Tallinn, the driving 

reason was to meet rising demand. Furthermore, the company is currently restructuring their 

production and plants in Tallinn, Täby, and other countries are involved. In total the restructure 

will lead to an increased area capacity.  

Work environment 

The work environment has been considered through the number of incidents and accidents which 

have occurred during the year 2013. Zero incidents and two accidents was reported, one fall 

accident due to a pallet with additional details among the assembly area, and one clamping injury 

during lens assembly. 

As mentioned in the methodology, Monteringsforum was visited. The Champion Manufacturer 

at Xylem, Urban Svensson, held a presentation about a change Xylem have made in order to 

release area, raise productivity, and to better the ergonomics for assemblers. Part of the solution 

was to provide additional material, belonging to the product, to the assembly station together 

with the product, instead of building piles of material at each station. Furthermore, each 

assembler sign in with their identification number at the assembly station and automatically the 

table for instance is adjusted into suitable height. Today the assemblers feel proud about their 

work environment and the employees working morale have increased. There is also easier to go 

back and see what that has happened at a specific assembly station if customer reclaims occur. 

To keep just necessary material at the working station is something supported also by another 

speaker at Monteringsforum, Lars Björkvik at Pentronic AB, who emphasized the benefit of 

having clean workplaces. 

4.2.3 Employees’ thoughts about assembly and automation 

As described in the method, interviews were conducted with employees at FLIR Systems in 

order to understand the current situation on a deeper level. The purpose was also to understand 

the current thoughts and opinions, in other words internal politics and knowledge, about 

automated assembly. It was also important to get a clear picture about if the thoughts and 

opinions are dissimilar at different departments.  

The interviews first aim was to understand the employees’ description about the meaning of the 

words assembly respectively automation. Generally the employees’ description of the word 

assembly is when a few details are put together to a product. There are also some more detailed 

answers, where the employee gives a deeper description of the word automation. An employee at 

the production department explains that the assembly work consists commonly by handcraft, in 

other words; assembly is a manual work. Another employee at the production department 

describes the assembly as a couple of value-adding processes to create an entire product. In an 

interview with an employee who works at the purchasing department, the employee explains that 

the assembly should be a short part of the whole process, while an employee from the research 
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and development department says that unfortunately the products needs to consist of different 

details. 

The employees’ description of the word automation indicates that there is a wide range of 

knowledge about the area. Some employees have a feeling that automation only is robots or 

machines that perform work previously carried out by humans. Other employees point out that 

automation is a much wider concept. An employee from the production department explains that 

automation can replace boring work tasks, give more even quality, and higher efficiency. At the 

research and development department an employee is thinking in the same direction and says 

that automation is not only robots. Another employee tells that processes also can be semi-

automatic with for example screwdrivers or similar tools. A specific description about the word 

automation from a person working with production was: 

“As efficient as possible, perform the assembly as required by automatic resources.” – Employee 

at the Production department 

The feeling about if manual, semi or totally automated assembly is most suitable for FLIR 

System varies a bit, however, the majority think that semi-automated assembly is the most 

suitable level. Several employees mention that FLIR Systems cameras are not constructed for 

automated assembly. The employees mean that the cameras consist of challenging assembly 

operations with mostly small details. The employees also tend to say that it is more important to 

have automation for the high volume cameras than for the more specific cameras that only are 

produced in lower volumes. Several respondents mention something likely to this thought: 

“The incoming material from the suppliers is not always as it should according to the 

specification.” – Employee at the Production department 

Hence, the assembler needs to adjust the assembly operations in relation to the incoming 

materials quality. The employees are overall mostly open for higher level of automation. 

However, the employees cannot see how FLIR Systems can manage automatic assembly with 

current products. This is something that was pointed out by several employees; the thoughts 

about automated assembly need to start during the construction phase. If the camera is not 

constructed for automation, it is going to cause problems in the assembly process. 

During the interviews, questions about which parameters that FLIR Systems should take into 

account when deciding about automation were asked. The most commonly mentioned 

parameters were economics, quality, and production volume. 

The last part of the interviews consisted of questions about what the respondent’s department 

does to simplify the assembly process of the company’s products. The production department 

works operational with the assembly, and their department makes sure that the daily production 

can be done as smooth as possible. The purchasing department described that their department 

tries to solve that needed material is delivered in time, and furthermore also mentions that since 
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FLIR Systems is a relatively small company, it sometimes is tough to compete about the 

suppliers’ attention. This is shown when looking at electronics, were FLIR Systems occasionally 

have to adjust to what the supplier can deliver, instead of the reverse situation. The electronic 

industry is also technology intensive and changes quickly, a parameter that also contributes to a 

risk of changed details within an assembly. Further, the research and development department 

described that their department should construct the product in a simple way and by that make it 

easier to assemble. The quality department described that their department is responsible for that 

the assembly process has as even quality as possible, and try to follow up the quality data and to 

come up with ideas of how to improve the quality. Unfortunately, the feeling among the 

employees is there is short of time to follow up the qualitative data.  

During a semi-structured interview the General Manager for THG Operations Sweden, Rickard 

Lindvall, explained his view about automated assembly. Lindvall emphasizes early in the 

interview that it is important to consider what that should be automated. Further, Lindvall 

considers that it is significant to evaluate how long time it takes until the product reaches the 

market. The level of automation can affect time to market, which is something important for 

FLIR Systems. Since the electronic industry changes rapidly, Lindvall points out that it is tough 

to work completely successfully with forecasts and that a forecast in the electronic industry 

frequently has low reliability. But Lindvall although emphasize that the future for FLIR Systems 

will be synonymous with increasing volumes and also consist of an increased range of products. 

Lindvall also explains that questions and decisions regarding production usually needs to be 

supported by a raise in profit or reduced costs, in order to be realized and implemented. Through 

his carrier Lindvall tells that if there is one thing he has learned, it is the importance of basing 

decisions on facts. 

4.3 Automation trends 
The most significant trend related to automation is clear when investigating the relation between 

the two words: trend and automation. A huge majority of the written material on the topic is 

about outsourcing, and whether that or domestic production is the right thing to do.  A summary 

of gathered knowledge regarding the area follows downwards and can be seen as an indication 

through business intelligence rather than theoretical facts. 

4.3.1 Outsourcing or domestic production 

In a study conducted by the management consultant firm Montell & Partners in cooperation with 

Chalmers University of Technology, the American trend of relocating production to the domestic 

market also is valid in Sweden was investigated (Fredriksson, Axenborg, and Andersson, 2013). 

Historically the trend has been focused on relocating production to low cost countries, however 

times are changing. An example, studied by The Boston Consulting Group, of the relation China 

and USA/Mexico show that 37 % of the companies with a turnover of one billion USD are 

considering moving production from China to America. For example, the company IKEA has 

moved their production serving the North American market from China to the US, in order to cut 
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delivery costs. Further, it is said that relocation will be boosted by the use of advanced 

manufacturing techniques that alter the economics in production by making it a far less labor-

depending process. For example robots since the year 1990 have fallen in price by 40-50 % in 

many advanced economies (The Economist, 2013). 

In Fredriksson et al.’s study about if relocating production to the domestic market is a trend also 

in Sweden, it is concluded that there are similarities between USA and Sweden that imply that so 

could be the case. Differences regarding market size and cost are relatively small and the 

localization decisions could therefore be expected to be similar. The study included one fifth of 

all firms with production in Sweden and with a turnover of more than 500 MSEK, apart from 

firms in the clothing/textile and process industry. Three hypotheses were outlined and the result 

for each hypothesis can be seen in Table 13 (Fredriksson et al., 2013). 

Table 13. Hypothesis and result in Fredriksson et al. (2013)’s study. 

Hypothesis Result 

Companies with production in Sweden are 

relocating production from Asia back to Sweden 

or Eastern Europe in the same manner as in USA. 

Not true – There is still a net relocation towards 

Asia among the respondents, despite the 

similarities between Sweden and USA (Relocation 

from Western to Eastern Europe is also taking 

place). 

The European market is currently and will remain 

the most important market for Swedish firms. 

True – However the importance of Europe will to 

some extent decrease compared to other markets. 

A number of factors are considered when 

relocating production. 

True to some extent – The firms are claiming to 

consider both qualitative and quantitative factors, 

but analysis shows that labor cost is the main 

driver of relocation. 

 

The most interesting hypothesis for Fredriksson study is the third; a number of factors are 

considered when relocating production. Fredriksson et al.’s study tells that labor cost is in reality 

the main driver for the companies, but that a fact based scenario analysis that considers more 

parameters is a prerequisite for a long term successful production strategy (Fredriksson et al., 

2013). 

Among the companies presenting at Monteringsforum, Scania through Lars-Henrik Jörnving, 

Vice president and Head of Global Industrial Development, held a presentation about why they 

invest in production in Sweden when other companies move out. Jörnving emphasizes that short 

lead-time and a close contact to the customers are two things that contributes to having a 

production plant in Sweden. Further, having the different departments, as research and 

development, production, sales, and marketing, at the same place provides possibilities to have a 

faster communication between the departments. This also gives a better knowledge and 

transparency about what other departments do. Jörnving also emphasizes that Scania need to 
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continuously improve their production technology, for example with fast delivery of customized 

products, reduced environment impact, and higher quality in order to remain competitive. 

According to Jörnving, the employees that can make this possible can in largely amounts be 

found in Sweden. 
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5 Analysis 
In this chapter the results from the previous sections are woven together in relation 

to the research questions. The analysis is divided into three subchapters that each 

provides an answer to one of the sub questions.  

5.1 Which parameters should be taken into account when making decisions 

regarding automation? 
To answer the first sub question about which parameters that should be taken into account when 

making decisions regarding automation, FLIR Systems has been analyzed according to what that 

is important for the specific company in relation to what the literature describes as important. 

The analysis is based on the current situation at FLIR Systems and what the company can do to 

develop their process when it comes to making decisions about automated assembly. 

The different parameters include many aspects, and are more thoroughly described after the 

beneath bullet list. According to several authors in the literature, a summary of the parameters 

that needs to be taken into account are: 

 Automation potential (Tangen et al., 2008; Fasth, 2012) 

 Cost (Groover, 2001; Tangen et al., 2008; Olhager, 2010) 

 Delivery capability (Wickens et al., 2004; Tangen et al., 2008; Olhager, 2010) 

 Flexibility (Tangen et al., 2008; Fasth et al., 2009; Olhager, 2010) 

 Quality (Groover, 2001; Tangen et al., 2008; Fasth et al., 2009; Olhager, 2010) 

 Work environment (Groover, 2001; Wickens et al., 2004) 

The importance of these parameters has been sustained through the empirical study, especially 

the interviews, at FLIR Systems.  

Automation potential is relevant in terms of comparing current level of automation to future level 

of automation, since it tells much about which effort FLIR Systems need to do in order to get a 

satisfying result from changes. Noteworthy is that likely to the Pareto principle
11

, small changes 

in something that has low level of automation can carry relatively high contrast. To take into 

account is also that, which appeared during the interviews, semi-automatic assembly is what the 

employees at FLIR Systems consider most appropriate for their company. Most employees who 

were interviewed said that automation should be a part of the production, but that a totally 

automatic assembly is not the most beneficial solution. To raise the automation potential, DFA is 

vital. The original method for DFA is as mentioned in the literature review, constructed for 

manual assembly. However, a product that is easy to assemble manually frequently can be 

considered easy to assemble with automation. Hence, FLIR Systems can continue with their 

DFA-analysis and put focus into letting the parameter have an accurate part in future decisions. 

                                                 
11

 A further explanation about the Pareto principle can be seen on the following web page: 

http://www.oxfordreference.com/view/10.1093/oi/authority.20110803100306260 



38 

 

As seen in the empirical study, the last years demand has drastically risen. To meet the demand, 

FLIR Systems have for instance invested in a new plant in Tallinn, but also products in the 

Swedish plant have the same rising trend. To meet the rising trend, automation can be a solution 

(Groover, 2001), but the solution can also be within higher efficiency through organizational 

changes, such as a more lean thinking (Petersson et al., 2011). A part of the delivery capability is 

to be able to deliver the right quantity and in other words produce accurate volume. Since the 

production in both Täby and Tallinn currently is performed in one shift, also an additional shift 

could be a solution for a higher capacity. Another part of the delivery capability is lead time 

(Tangen et al., 2008). To keep the lead time short, FLIR Systems has discovered their solution in 

putting the customer order point relatively late in the assembly flow. This creates uncertainty 

since the risk is on FLIR Systems, if new orders do not arrive as expected.  

As can be seen in the empirical study, FLIR Systems products have no remarkable fluctuations in 

demand according to seasonal variations. Though, in the electronic industry where FLIR Systems 

products partly belong, the technical trend varies rapidly. The suppliers have to be aware about 

the customers changing preferences in parallel to the development of new technology. FLIR 

Systems is producing, what in this industry can be seen as relativity small volumes, and hence 

the company cannot always have high requirements on the sub-contractor’s products. FLIR 

Systems has to adjust their product to what the supplier can deliver, and this can be linked to 

what Slack (2005) mentions about product flexibility, in terms of being able to modify existing 

products.  

It is known that a well-functioning automation provides high and even quality. The difficulty is 

to combine automation with high flexibility (Tangen et al., 2008), which FLIR Systems 

production requires. A challenge for FLIR System is to identify the right level of automation that 

satisfies both quality and flexibility (Fasth et al., 2009). 

Work environment is a parameter where FLIR Systems have a history of few accidents and 

incidents. Further, FLIR Systems has light weight products why strain injuries currently are not a 

major problem for the company. Worth mentioning is that some tasks in FLIR Systems assembly 

flow, for example in the packaging, can be considered as highly repetitive. As an employee has 

mentioned during the interviews, and also according to Wickens et al. (2004), automation can be 

a solution for repetitive work tasks.  

By combining these parameters the most economically efficient solution can be identified. 

However, as in all projects a priority between economy, time, and quality always have to be 

done. This is also what Olhager (2010) mentions when he describe that the value for the 

customer is typically a combination of different priorities and parameters. Hence, it is relevant to 

weight the parameters according to customer needs, but also to what that is significant for the 

different sectors and the type of industry. In other words, a company does compete with several 

factors (Olhager, 2010) that should have different impact on the production. With this as a 



39 

 

background it is relevant to weight the different parameters according to how relevant the 

parameters are for FLIR Systems.  

5.2 According to an assembly process and underlying design issues, which 

activities or tasks are most suitable to consider for automation? 
Since a large part of the assembly process at FLIR Systems has low level of automation, it is 

natural to search for the most suitable activity or task to automate. To answer the sub question 

according which activities or tasks that are most suitable to consider for automation, an analysis 

of the current state with help from partly established tools have been performed. The analysis is 

hence based on the literature review in combination with how FLIR Systems high volume 

products are assembled today, according to which activities and tasks each product is divided 

into. A first step to identify which activities and tasks to automate has FLIR System already 

taken by questioning how the company should secure the result of future automation decisions. 

Securing results of decisions are according to Bergman and Klefsjö (2012) preferable done by 

using a certain methodology.  

The data analysis has mainly been done through the use of a data sheet, which compares 

different parameters in relation to corresponding tasks within the assembly process. As 

mentioned in the empirical study, a scale has been used during the data analysis. This has made it 

possible to compare different parameters, in other words different units, with each other. Since 

the tool that has been used is based on current data about each product, there is an importance 

that the used data is valid.  

According to Maffei (2014), three of four investigated products belong in the category of small 

volumes. Only Product 4 reaches a demand corresponding to a medium production volume, and 

hence this camera is most suitable for a high level of automation. However, the current level of 

automation already is relatively high for Product 4, which also lowers the automation potential 

regarding to the data sheet analysis. Product 3 is the investigated product with the lowest 

volume, and also without a rising trend in demand. Except of the high grade of Out Of Box 

Failures in packaging, the analysis of the data sheet indicates low automation potential according 

to generally low values for both activities and tasks.  

Our main recommendation for FLIR Systems is to consider a raise in the level of automation for:  

 Product 1. Raise level of automation within the activity assembly. Most relevant is to raise 

level of automation at the task main assembly. 

 Product 2. Raise level of automation within the activity packaging. Most relevant is to raise 

level of automation at the task packaging and addition of accessories. 

 Packaging. The activity packaging, including the task packaging and addition of accessories, 

has for all investigated products a high potential regarding a raise in level of automation.  
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Since the recommendations about which products, activities, and tasks that are most suitable for 

automation are based on the production of current products, it is difficult to determine if future 

products will have the same recommendations regarding their activities and tasks. However, if 

the production for future cameras are similar to current production, it is reasonable to consider 

the recommendations valid for also these products activities and tasks. 

5.3 How should a model for future automation decisions be formed? 
To answer the last sub question about how a model for future automation decisions should be 

formed, an analysis of relevant existing models, the current situation at FLIR Systems, and our 

work with which activity that is most suitable for a higher level of automation has been used. 

The analysis is based on how the existing models are formed and how a model for FLIR Systems 

future automation decisions needs to be formed.  

It is through the case study clear that the industrialization group, in cooperation with production 

development, has a large part in this type of decisions. Hence, it is relevant to develop a model 

that is useful for these functions, and which is also able to apply for FLIR Systems in their 

further development of the production. In other words, the model needs to be decently simple to 

use. FLIR Systems General Manager in Sweden, Rickard Lindvall, mentioned the same as 

Bergman and Klefsjö (2012) describes in the literature; decisions needs to be based on facts in 

order to achieve desired results. Furthermore, Bergman and Klefsjö (2012) emphasize that a 

sequential way to work through the decision process should be used. This is something that FLIR 

Systems currently not always fulfill, and hence the company should start basing their decisions 

on facts, and not least, according to Frohm (2008), document their work. 

A model is given in this master thesis in order to create ability for FLIR Systems to make future 

decisions regarding automated assembly. The model is based on findings, which resulted in that 

the model shall consist of three phases: initiation, analysis, and implementation. The phases have 

been based on both hard values, such as data, and soft values, such as involving and anchoring 

projects at the right functions and departments. Further, the company mission needs to be taken 

into account. The model that FLIR Systems in the future shall use is described thoroughly in 

chapter six. 
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6 The model 
To do the future decisions regarding automation, FLIR Systems need to have a 

model that describes the decision process sequentially. Considering the third sub 

question, a model regarding the future automation decisions is presented in this 

chapter. 

6.1 An introduction to the model 
When the model was formed, it turned out that it is useful to define an approach for the model. 

The approach when using the model should be: 

Having a thought about that something would be beneficial to automate, or more specifically 

that automation could be the solution to a problem. 

The model consists of the three phases: initiation, analysis, and implementation. The initiation is 

targeting to create understanding about if the process is relevant to evaluate regarding potential 

for automation or not. The analysis is the main phase of the model and where the decision about 

how the process should be automated is taken. The last phase is about defining how the changes 

of the process should be implemented. Through all three phases of the model, documentation is 

significant. The documentation clarifies taken decisions and creates additional value since the 

experience and knowledge from earlier projects do not get lost. Since the model’s purpose is to 

be used at FLIR Systems during their future decisions regarding automated assembly, the model 

should be easy to understand and follow from the first use. To understand the model easier, a 

visualization of the three phases has been made. The description and visualization for each phase 

is presented in the following subchapters.  

Worth mentioning is that the model do not provide an answer itself, it is created to secure that all 

parameters are taken into account, and that the result from the analysis is secured. Hence, there 

will be no certain YES or NO; instead the decision will be taken through discussion. 

6.2 The models first phase - Initiation 
The thought with the initiation phase is to get an overview of the specific case; this can be used 

as a foundation for further discussions with higher management. The overview will give a 

thorough foundation for the decisions regarding whether to continue the evaluation or not. If the 

initiation indicates that the process is promising for further evaluation, it is time to move on to 

phase two, the analysis. In other case, the process under evaluation is not relevant for a change 

regarding automation. When making this decision a holistic judgment shall be used. A 

visualization of the first phase is presented in Figure 15. 
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The steps in the first phase are further described below. Each step is described through its 

question and an indication about how to answer it. 

Step 1: Is the product that is under investigation, a current or future product? 

State if the decisions are regarding a current or a future product. 

Step 2: What is the purpose of the automation? 

The most common purposes are economy, quality, dangerous to accomplish manually, tough to 

accomplish manually, higher productivity, volume flexibility, area capacity, or a more structured 

work environment. The purpose can include one or several of these depending of the case. 

Step 3: How does the purpose correspond to FLIR Systems mission? 

The purpose should correspond to FLIR Systems mission. The mission consists of FLIR Systems 

brand values innovation, quality and trust.  

Step 4: What quantitative goals are connected to reaching this purpose?  

To achieve the purpose there need to be S.M.A.R.T. goals. For example: “The company will be 

able to produce 30 000 units per year” or “The company will have zero accidents per year”. 

STEP 3 

STEP 2 

How does the purpose correspond to FLIR Systems mission? 

  

  

What is the purpose of the automation? 

Is it economically justifiable to implement the automation? 

 

STEP 4 

STEP 1 

What quantitative goals are connected to reaching the purpose? 

What volume is expected for the product? How is the trend regarding 

demand? Are there other products that should be produced in the same 

assembly flow? 

 

Which functions or departments are affected by the project? 

STEP 5 

STEP 6 

STEP 7 

 

 

 

  Which functions or departments are affected by the project? 

 

Is the product that is under investigation, a current or a future product? 

 

Figure 15. The first phase of the model. 
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Step 5: What volume is expected for the product? How is the trend regarding demand? Are 

there other products that should be produced in the same assembly flow?  

Check sales for current products to see how the trend regarding demand has been the last years. 

If there is a new product the volume needs to be estimated, possibly by comparison between the 

new product and a similar current product. If there are several products within the assembly 

flow, the volumes should be accumulated since they share the equipment’s economic burden.  

Step 6: Is it economically justifiable to implement the automation? 

To understand if the implementation of the automation is economically justifiable the goal needs 

to compared with an approximation of costs and budget. 

Step 7: Which functions or departments are affected by the project? 

Involve and anchor the project with own management and other affected functions or 

departments. When informing these in an early phase of the decision making, it is possible for 

them to give their view of the upcoming project. 

6.3 The models second phase - Analysis 
The purpose of the analysis is to get a picture of suitable solutions regarding level of automation 

for the process that is investigated. If the analysis indicates that the process should be changed it 

is time to move on to the implementation. The second phase is presented in Figure 16. 

 
Figure 16. The second phase of the model. 

STEP 3 

STEP 2 

Use hierarchical task analysis to break down the assembly flow into 

activities and tasks. 

  

  

Is the human supervision a part of the process? 

How do upstream and downstream tasks get affected? 

STEP 4 

STEP 1 

What are the activities and tasks potential concerning level of automation? 

Set maximum and minimum level of automation. In other words, identify 

solutions. 

What will it cost to achieve the purpose? 

STEP 5 

STEP 6 

 

 

 

 

 

According to the answers in phase two, determine an overall goal and sub 

goals. 

 
STEP 7 
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The steps in the second phase are further described below. Each step is described through its 

question and an indication about how to answer it. 

Step 1: Use hierarchical task analysis to break down the assembly flow into activities and 

tasks.  

Use hieratical task analysis (HTA) to break down the flow. If it is a future product the activities 

and tasks first need to be stated. Use Sheet 1 in Appendix C. 

Step 2: What are the activities and tasks potential concerning level of automation?  

Investigate the potential by filling in the Sheet 2 in Appendix C.  

Step 3: Set maximum and minimum level of automation. In other words, identify solutions.  

Fill in possible solutions in the matrix which can be found in Sheet 3, Appendix C. 

Step 4: Is the human supervision a part of the process? 

Quality is important for FLIR Systems and thus part of the company’s brand values. Human 

supervision is an important factor in quality. 

Step 5: How do upstream and downstream tasks get affected? 

Determine whether and how the upstream and downstream tasks are affected by the change. 

Negative effects should be identified and sorted out before implementation. An example could be 

if the new solution needs buffers before or after the process, or if the incoming material needs to 

be delivered in a certain amount or way.  

Step 6: What will it cost to achieve the purpose? 

If it is a current product, start with a comparison of current level of automation and future level 

of automation. For both current and new products, perform a DFAA cost-analysis. 

Step 7: According to the answers in phase two, determine an overall goal and sub goals. 

An overall goal and sub goals for the project needs to be determined in order to secured the 

result.  

6.4 The models third phase - Implementation 
The thought with the implementation is to ensure that the result from the further steps is secured 

through implementation in which all relevant aspects are taken into account. When the 

implementation is prepared the change is ready to be made. A visualization of the third phase is 

presented in Figure 17. 
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The steps in the third phase are further described below. Each step is described through its 

question and an indication about how to answer it. 

Step 1: Is a need for education related to the new production process? 

New things can require educations for the employees. If education is required the training period 

cannot be missed in the schedule for the implementation. Probably, the education is not needed 

for all employees. 

Step 2: What is prioritized for the implementation phase – project quality, time limit, or cost? 

Every project has its own approach; the goal of the project can be related to different priorities 

such as project quality, time limits, or costs.   

Step 3: What are the risks with the project? 

State the projects possible risks and actions, according to the time plan, if the most significant 

risks turn in. 

Step 4: How should the time plan look like? 

Consider the projects priorities, range and risks to do a realistic time plan for the change. 

Perform the time plan in the same way that FLIR Systems usually do. 

 

Figure 17. The third phase of the model. 

What are the risks with the project? 

  

  

Is there a need for education related to the new production process? 

How should the time plan look like? 

Which maintenance does the new technology need? 

Involve sub-contractors. 

What is prioritized for the implementation phase – project quality, time 

limit, or cost? 

Start to implement the chosen level of automation. 

Start educating employees about the new technology. 

 

 

 

 

 

 

 

STEP 3 

STEP 2 

STEP 4 

STEP 1 

STEP 5 

STEP 6 

STEP 7 

STEP 8 
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Step 5: Involve sub-contractors. 

In larger changes may sub-contractors be involved regarding technology expertise, education or 

installation. The sub-contractors can for example be material suppliers, automation partners, 

ergonomic specialists, and detail suppliers. 

Step 6: Which maintenance does the new technology need? 

Determine the need of maintenance and include the aspect in the education. 

Step 7: Start educating employees about the new technology. 

If the technology is new for the employees, they should be educated before launch.  

Step 8: Start to implement the chosen level of automation. 
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7 Discussion 
In this chapter the master thesis three sub questions are discussed in a comprehensive 

perspective.  

A shortage at FLIR Systems is the low knowledge regarding automation and about that 

automation is more than just totally automatic robot production. Since decisions at FLIR Systems 

today frequently are made on personal experience, it is vital that the right employee makes the 

decisions. These employees need to have knowledge about the subject, ambition to achieve a 

successful work, and be aware of the risks that may arise. It is important to point out that it is not 

only to switch between human and machine, and that should not be the intention. 

As mentioned in the literature review, there is important to base decisions on facts in offensive 

quality development. The theory points out the signification of that the analysis should include 

discussions. If employees are acting on personal experience, it is easy to miss what the theory 

tells being relevant. Basing decisions on facts means to actively seek and compile appropriate 

information, which is afterwards analyzed. Based on the analyzed information conclusions can 

be drawn about whether to make a change or not. Further, it is important to clarify the weight of 

early information about the project to employees who later will be involved or concerned. The 

sooner the employees know about upcoming changes, the longer they have chance to get used to 

the idea and to contribute to the project. 

Every system is unique and must be treated as such. The recommendations for FLIR Systems are 

hence pointing at their company specific production. When evaluating the company production it 

has been clear that FLIR Systems overall level of automation is somewhere in the semi-

automatic field. It has also been understood that during previous automation projects, as the 

project Baltazar, the first goal was to use it for one camera type but before the Baltazar project 

was finished, other types of cameras were introduced. It is better that after the project 

completions perform a separate project with improvements. This can avoid delays and 

unnecessary problems for current projects. This is also supported by theory; if not forthcoming 

decisions are allowed to take the time it needs, one will experience more failed projects. One 

must take into account all the way from the company’s mission to implement the project well. It 

has also been observed that previous mistakes within projects regarding both automation and 

other areas have not been documented enough. If projects instead are well documented, the 

employees more easily can understand and learn from previous experiences.  

Some parameters are frequently not prioritized, such as the DFA-index. This is also the case at 

FLIR Systems, and the reason can be internal politics where customer adjusted design often is in 

focus. However, customer adjusted design does not necessarily have to conflict with design for 

assembly, instead the art of construction lies in being able to satisfy several different parameters.  

 

In order to meet the future need of delivery capability, FLIR Systems need to be able to adjust 

their production to the rising trends in demand. FLIR Systems consider all their products that 



48 

 

have been investigated as high volume products. Worth to discuss is if the company has a clear 

enough knowledge and consciousness about how volumes affect the production. There is a great 

difference between 500 and 3 600 units per year, and hence the production should be treated as 

such. FLIR Systems understands surely the difference between 500 units per year and 30 000 

units per year, as in the case with Product 3 and Product 4, but the  company could benefit from 

making a clearer definition since a strategy for automation then will be easier to use.  

 

FLIR Systems should be aware of the company’s changing products range and that some tasks in 

the production should have a high flexibility to be able to adapt to those changes. Noticeable 

according to the increasing volumes is that FLIR Systems position as a customer for the sub-

contractors in the future may change. If the demand for the company’s products keeps rising, 

FLIR Systems will be a larger customer for the sub-contractors, and hence the company should 

be able to set higher requirements on their sub-contractors. In parallel to this, the importance of 

product flexibility will decrease. FLIR Systems quality parameter Out Of Box Failure depends as 

mentioned in the empirical study mostly on faults caused by sub-contractors. Even though it is 

not FLIR Systems own faults, the customer’s satisfaction about the products decrease. The 

requirements on the sub-contractors rise in parallel to a higher level of automation, and hence the 

Out Of Box Failure can be affected positively. As FLIR Systems General Manager in Sweden, 

Rickard Lindvall, said that changes can be made if they lead to a cost reduction, which is also a 

part of FLIR Systems strategy; lower the cost. FLIR Systems has, as many other companies, 

considered, and also made, some relocation to low cost countries. Nevertheless this is not always 

an optimal solution. As mentioned in the empirical study, outsourcing frequently generates 

unexpected costs since many parameters that contribute to costs are forgotten. Further for 

example outsourcing can reduce labor cost; a common cause to increased automation.  

 

Time to market is something significant for FLIR Systems in their way to success between 

development and production of new products. Level of automation can affect time to market 

both positively and in a negative way, and hence the aspect is worth to be taken into 

consideration. Noteworthy is that if the parameter for work environment, measured in number of 

incidents and accidents, raises, it requires increased priority. No expense should be too large to 

prevent a serious accident. It is important that FLIR Systems ensure that all relevant parameters 

are taken into account. Through a solid theoretical and empirical background, the employees find 

support and believe in the decisions made. This creates credibility. 

 

The challenge with automation is to find the best solution for both the short and long term. The 

parameters included in the analysis step have been carefully chosen in order to contribute 

positively to this. Still, also with the automation history in mind, it is not always easy to 

determine which solution that is most beneficial even in the future. In order to feel safe regarding 

future decisions the implementation phase felt significant. If the implementation is well prepared, 

the project group has a useful foundation for the change. The implementation phase can feel 

obvious regarding content, but many projects fail because nobody has planned the 
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implementation. Hence, it felt important to include such phase in the master thesis model. Even 

though it is the analysis phase which contains steps that decides about the automation change, the 

other phases is equally important. 

There can also be other alternatives that satisfy the same triggers as automation. In other words, 

automation is not always the only solution. As an example, FLIR Systems is working with Lean 

and Lean tools, but yet the company has a few steps left. A well-functioning work with lean can 

fulfill many needs that frequently instead are solved by technical solutions. 
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8 Conclusion 
In this chapter the conclusions of the research are presented and areas for further 

research are identified. 

8.1 Research conclusion 

 

 Which parameters should be taken into account when making decisions regarding 

automation?   

Several of the parameters the literature presents are recurrent, both in new and older literature, 

and can be concluded of importance for FLIR Systems to take into account. In the empirical 

study, particularly during interviews and according to what that the company actually measures 

today, those parameters frequently reoccur. If FLIR Systems take those parameters into account 

the company will have more appropriate and motivated levels of automation in their future 

assembly flows. The parameters that FLIR Systems should take into account are: delivery 

capability including volume, quality, work environment, cost, current level of automation, 

flexibility, and DFA. 

 According to an assembly process and underlying design issues, which activities and task are 

most suitable to consider for automation? 

Depending on the parameters concluded in the first sub question and the current situation at 

FLIR Systems, the activity packaging can be concluded having the highest potential for three of 

the products. One product has assembly as the activity with the highest potential. Accordingly to 

these results, packaging and addition of accessories respectively main assembly are the tasks 

with the highest potential.  

 How should a model for future automation decisions be formed?  

The model developed in this master thesis consists of three phases which is supported by the 

theory: initiation, analysis, and implementation.  By securing the entire process from initiation, 

to analysis and implementation, the result will be thoughtful decisions. Each phase consist of 

several different steps in order to secure that all relevant parameters are included.  

 How should FLIR System secure requested result of future automation decisions related to 

the assembly process? 

The three sub questions were stated to answer this research question. This master thesis has 

shown that several factors affect the final guideline for making future decisions regarding 

automated assembly. By following the guideline, future decisions will be based on theory 

adjusted to suit FLIR Systems production. Hence the company will secure requested result for 

future automation decisions. Further, by following recommendations regarding activities and 
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tasks for evaluated products, FLIR Systems have the possibility to set the standard for future 

production at the company.  

The company that was studied in this master thesis had a relatively low level of automation, 

which probably affects the guideline in another way than if the case company had has a high 

level of automation. This is something that limits the guideline, which cannot be followed by 

other companies without reflection.   

8.2 Areas for further research 
The conclusions in this master thesis are directly linked to FLIR Systems desires and needs. To 

be able to draw more general conclusions the research can be broaden and include more than one 

company. In a study were several companies are included, it would be interesting to include at 

least one company that already has a high level of automation, to see how the guideline works in 

such conditions. Something that could be studied deeper, in parallel with a development of this 

study, is the impact of level of information and level of competence and how these interact 

together with decision making. 

On FLIR Systems behalf it would be interesting to try the model on a number of future 

automation projects. By using the model on future projects it can be developed and by that get 

even more adjusted to the reality at the company. Furthermore, FLIR Systems can experiment 

with the weight put on different parameters. This is also something that continuously shall be 

adjusted in pace with FLIR Systems strategy. 
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Appendix A – Interview questions 

 
Current state at FLIR Systems 
 
The interview questions are directed to employees at FLIR Systems and the aim 

is to map the current situation regarding the topic automated assembly. The 

interviews will help to create a broader picture of the experiences surrounding 

automated assembly at FLIR Systems. Name and year of employment will not be 

passed on and will only be used if we have reason to return with further 

questions.  

 

Name:  

Department:  

Position:  

Employed since:  

 
 

1. How would you describe your work? 

 

 

2. What does assembly mean to you?  

 

 

3. What does automation mean to you?  

 

 

4. What is your previous experience about automation?  

 

 

5. What is your sense of manual, semi-automated and automated assembly?  

 

 

6. Which parameters do you think one should take into account existing decision about 

automation?  

 

 

7. What does your department to facilitate the assembly of the company’s products?  

 

 

8. Is there anything else that you would like to add regarding the topic automated assembly? 

 
  



 

Appendix B – Automation potential for the investigated products 
 

Product 1

 

Product 2

 

Product 3 

 

Product 4 

 

  



 

Appendix C – Data sheets included in the model 
 

Sheet 1 – Hierarchical task analysis (HTA) 

 

 

  



 

Sheet 2 – Automation potential 

 

 

  



 

Sheet 3 – Square of possible improvements (SoPI) 
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