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Abstract 
 

Competitive systems for manufacturing, especially assembly systems, have to cope 

with frequent changes of external as well as internal demands. A proactive 

behaviour in an assembly system should make it capable of rapid changes and have 

an ability to handle frequent changes and disturbances. 

During recent decades several different system theories have occurred of which the 

majority remained theories never taken to actual production solutions.  

The thesis presents results from four case studies. 

 

It is suggested, that the proactivity of an assembly system is strongly influenced by 

the system’s ability to change the three parameters: 

1) level of automation, 

2) level of information, 

3) level of competence (among the operators in a defined work area). 
 

Proactivity is not easy to describe. However, this thesis has taken a step in that 

direction. A general definition of proactivity is “taking action by causing change 

towards a state and not only reacting to change when it happens”. Another way to 

phrase this is "to be anticipatory and taking charge of situations”. 

Proactivity can be described as the ability of preparation for: 

- Changes and disturbance during operation; 

- Planned long-term evolution for a sustainable and perfect production system. 

 

Such a system consists of technical components efficiently integrated with human 

operators and has the ability to handle frequent changes. Proactivity in an assembly 

system is dependent on the following factors: 

− Continuous changes; 

− Mandate to allocate resources; 

− Mandate to do short term planning. 

 

The thesis presents a first model for evaluation of different technical resources that 

contributes to an overall proactive system behaviour. The model has been published 

but not yet tested.  
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1 Introduction 
 

The idea of this thesis is that ability for a proactive instead of a reactive behaviour in 

a production system will save time in several ways, thus increasing the effectiveness 

of the system. This thesis aims at defining proactivity and verifying the suggested 

solutions on how to reach it. 

1.1 Challenges for future manufacturing 
Sustainability is defined by the Brundtland Commission of the United Nations, 1987: 

“sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs 

(United Nations, 1987). One part of being sustainable is to work resource efficient.  

Westkämper (2007), states “The world of manufacturing of this century is a 

networking information world – inside and outside of enterprises and linked to all 

participants of markets. The fast and global transfer of information and open 

markets is beside of economic aspects the main driver of changing the global 

structure of manufacturing”. Figure 1 shows the holistic view of influences on 

industrial production.  

 
Figure 1 Turbulent influences – Dynamic adaption of manufacturing structures 

[Westkämper, 2007] 
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Competitive systems for manufacturing, especially assembly systems, have to cope 

with frequent changes of external as well as internal demands, i.e. changes of 

product variants and increased variation in volumes, which require drastically 

shortened ramp-up and resetting times. At the same time, cost efficiency and 

“leanness” in production require correct quality, low cost and focus on value-adding 

activities. One approach is to introduce product customization as late as possible in 

the value-adding chain. As a consequence, the changeability of the final assembly 

process becomes a critical factor. 

Companies often develop assembly systems as a reaction to emerging external 

demands or new products. The assembly system designer reacts to occurring needs 

and solutions become responses to existing problems, i.e. highly reactive actions. 

Often, the introduction and ramp-up of a new product is a discrete and unique event 

rather than a part of the assembly system long-term development. It is questionable 

if reactive approaches alone are sufficiently progressive and competitive. Rather, 

assembly systems need to be dynamic and evolvable to really constitute long-term 

assets for the manufacturing company. Further, if it presents a cost-efficient solution 

it contributes to a stable and economical company growth.  
 

As modern production has shifted from build-to-order to assembly-to-order, lean 

philosophies have made the Swedish industry more resource efficient but there still 

is a great potential for improvement. Many companies act reactively to occurrences 

of rapid product change, both at higher strategic levels and at functional machine 

level. Often, manufacturers treat introduction and ramp-up of a new product like a 

unique event rather than a piece of the emerging enterprise development puzzle.  

Irrespective of the trigger of change there has to be a fast adjustment to the new 

demands on the production level. This thesis suggests that an ability to strategically 

plan for proactive behaviour in the production lines will reduce the resetting and 

ramp-up time that will be necessary to meet future demands. The aim is that a 

proactive behaviour in an assembly system should make it capable of rapid change 

and to have an ability to handle frequent changes and disturbances.  

The author’s former experience as manager for large scale restaurants turned out to 

be very useful when working with lean activities in manufacturing industry. The 

restaurant sector has never heard of lean production or the Toyota way. Despite the 

lack of theory and lean production vocabulary, we still had to practice the lean way 

of working every day, every minute. 

At the shop floor in the industry another phenomenon differs from the restaurant 

sector. Numerous of repetitive and recur tasks were treated more or less as a 

happening and was handled as it seemed to be a singular occurrence. The operator 

gets information of what to do, gets prepared, performs, finishes and after that the 

operator had to go and get the information for the next step. The author’s belief is 
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that there is a great potential in implementing proactivity in different levels of the 

company. Proactivity could be considered at the shop floor level as preventive 

maintenance or external setup but a proactive production system is much more. Is 

has a structured way of working with an overlap of tasks and processes. This should 

be the manner of the standard way of working in all processes, planned or 

unplanned. Enablers for this proactive behaviour will be investigated and evaluated 

in this thesis.  

This thesis is aiming at a tool to create a more proactive behaviour at the shop floor 

and evaluates technical resources to enable this. A production system is more than 

technical equipment and in the thesis it will also be discussed prerequisites for other 

resources as humans and information to contribute to the overall proactive 

behaviour.  

1.2 Research background 
Generally, mature manufacturing companies have identified their core product parts 

and core manufacturing processes. They have, in many cases, outsourced 

manufacturing of standard parts, implemented the lean production philosophies in 

their manufacturing system and are dealing with deeper and more fundamental 

problems related to reduction of manufacturing costs.  

Future challenges of manufacturing systems are in this thesis set to be: 
 

− Increase the relative amount of value-adding activities and customisation in 

the final assembly 

− Large variation of products 

− Small batches 

− Variable annual production number 

− Rapid changes needs short ramp-up time  

− Higher quality demands 

One important contribution to Western Europe’s competitiveness is the access to 

highly skilled people but this is seldom taken into consideration when a system is 

developed. 

The link between the system theory and production strategy is not satisfactory, 

either the research has been performed from an operational level with system 

design or from a strategic level e.g. Lean Production but there is no clear connection 

between those or regarding which system that fits to a specific strategy. During 

recent decades several different system theories have occurred of which the 

majority remained theories never taken to actual production solutions. The 

paradigm of Evolvable Production System, EPS, was presented in the 80's and since 

then has grown and today there are solutions in the lab environment. 
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Table 1 the author’s review of present system paradigms 

 

 

It is stated that industry must increase its capability to handle smaller batches as 

well as radically decrease set up time between different product groups and new 

products and suggests the need for further development in dynamically changing 

assembly systems. This thesis proposes proactivity as a vital strategy.  

 SYMTHOMS POSSIBLE PROBLEMS  AVAILABLE SOLUTIONS  DELIMITATIONS 

Economic 

Environment 

Social aspects  

Lack of workforce 

High wages 

Competitiveness 

Product-process competence 

Instable processes 

Low reusability 

Competitiveness 

Low investment capability 

High system deployment costs 

Instable economy 

Even tougher product demands 

Dependency on volumes 

etc.  

 

Factory  Limited ability to change the 

layout 

Low investment capital 

Lack of technical 

competence in the boards 

High automation costs 

Holistic approaches   

System Long ramp-up time of new 

products 

High amount of non value 

adding activities 

Lack of self-configuration 

systems 

Programming costs too high 

 EPS ok for certain 

scenarios only 

System parts 

(station) 

Low reusability 

Long setup time between 

batches 

Break downs 

Flexible system are predefined, 

satisfies a predefined function.  

Adaptive vs. Adaptable 

Not possible to 

reallocate tasks to alternative 

resources.  

Responsive (govern)/control vs. 

Behaviour incite/ driven/ 

energized (goal directed 

behaviour)  

Exposed automation 

Flexible Manufacturing 

systems 

Holonic system 

Bionic system  

EPS–feasible in 10-15 

years  

 

Flexible Manufacturing 

systems-old 

Holonic system-theoretic 

Bionic system-theoretic 

Evolvable production 

System EPS–feasible in 

10-15 years 

 

Resource  Product-process competence 

Difficulty of handling variants 

Low reusability 

 

Setup time 

MTBF 

Low adaptability 

EPS development 

methodology variable 

“granularity” 

 

Process  Product-process competence 

High amount of defect 

products (quality issues) 

Setup development 

Failure handling 

Keep process competence 

Non-robust processes 

Develop process competence 

Rigid/static equipment  

EPS links product 

processes to system 

functionality 

Needs further 

development 

Task Lack of in-house knowledge Companies have not seen 

hidden value of knowing this 

EPS forces task definition Needs further 

development 
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1.3 Research objectives 
The hypothesis is that a higher degree of proactivity will increase the fulfilment of 

customer demands and decrease non value-adding tasks. In proactive assembly 

systems, the full and complementary potential of human operators and technical 

systems is utilized. It is suggested, that the proactivity of an assembly system is 

strongly influenced by three parameters: The system’s ability to change: 

1) level of automation, 

2) level of information, 

3) level competence (among the operators in a defined work area). 
 

The hypothesis is that a proactive assembly system has the ability to prepare for: 

− changes and disturbances during operation  
− planned and long-term changes, and sustainable evolution of an assembly 

system 
 

An ideal outcome of this research would be a systems engineering methodology that 

allows decision makers to explicitly evaluate the contribution of proactivity in an 

assembly system. The measurement factor for the proactivity is set to be the time 

factor. This means a combination of short resetting time and availability of the 

system as a whole. A major challenge is to reduce and minimize the lead-time that 

has a direct influence on order-to-delivery time, while maintaining changeability and 

robustness to absorb late changes in market requirement. This includes throughput 

time and cycle times for individual assembly processes. Also, the proactivity should 

contribute to reduction of resetting time between batches, time to repair, time for 

disturbance handling, and time to prepare for new variants or products in the 

assembly system. The first step is to define the research questions that will 

contribute to the proposed methodology. 

1.4 Research questions 
The research focus will be to define assembly system factors that support ability for 

a proactive behaviour. The enablers to the systems ability to reduce, eliminate and 

handle changes will be measured by the contribution to the speed of change. 
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RQ:1. How to define proactivity in an assembly system? 

A first definition of a Proactive system structure in relation to existing system 

paradigms; 

 

RQ:2. What prerequisites within the technical resources have to be fulfilled to 

enable proactivity? 

A model for evaluation of different technical resources contribution to a holistic 

proactive system behaviour. 

 

Table 2 The research process 

 
Knowledge capture and 

synthesis 

Descriptive 

Case studies: System 

present state 

Normative 

Theory Development 

Descriptive/normative 

Case studies  

Applications virtual/in 

real 

 

Literature review 

 

Theoretical definition of 

proactivity 

 

Describe influencing 

disciplines and define:  

contributions 

internal relations 

dependences 

 

Hypothesis definition 

Define present state by 

DYNAMO method 

 

Proactivity definition  

Normative description of 

proactivity by interviews 

 

Framework for proactive  

behaviour  

A system of measurement 

Heuristic model 

 

Test the method  

Verify the method  

Spring 2007 -Fall 2007 Spring 2008 -Fall 2008 Spring 2009 Fall 2009-Fall 2010 

 

1.5 Delimitation 
The focus of the case studies is the work settings of assembly or manufacturing. The 

investigated phase is the operation and production planning phase. The analyses are 

done on the existing production facilities. Cost is of course very important but not 

yet explicitly taken into consideration at this stage. The model is aimed at being 

generic despite that the case studies have been performed within assembly systems. 
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2 Frame of references 
 

This chapter describes the theories that are the foundation of this research. 

2.1 Proactivity  

According to Oxford English Dictionary proactive is: ”A deliberate readiness and faith 

in the freedom to pick and choose your own reactions before occurrences, affairs and 

conditions”. According to Frese and Fay (2001), recent research mainly focuses on 

reacting performance concepts, where the tasks and goals are given and the 

influence of employers on the working influence is minimal. Bruch (2009), 

questioned from the information perspective if this traditional concept is sufficient 

for future manufacturing systems.  

Waefler (2001) stated that it’s no longer a proper way to organise the information 

flow in a vertical manner (hierarchical) where decisions are taken in specialised 

groups/departments and communicated top-down Constraining lower level and 

feedback on actual state in the production units are communicated from the 

production units. Bruch (2009) defined that information supporting a proactive 

behaviour has to guarantee the system’s possibilities to make informed decisions 

and act according to production goals. Further Bruch (2009) underline that it is not 

enough to look at the top-down and bottom-up information flow due to inherent 

needs for distributed control and local decision making by the system in a proactive 

work setting. A horizontal information flow between units on the same is also 

required to coordinate the actions and to be able to handle critical event (Fjällström 

et. al., 2009)  

2.2 Lean production 
Much research has been performed within the area but the basic is, according to 

Womack and Jones (2003): “The life of lean is experiments. All authority for any 

sensei flows from experiments on the gemba (the place where work takes place), 

not from dogmatic interpretations of sacred texts or the few degrees of separation 

from the founders of the movement. In short, lean is not a religion but a daily 

practice of conducting experiments and accumulating knowledge.”  

Womack also declare that companies need fewer heroes and more farmers (who 

work daily to improve the processes and systems needed for perfect work and who 

take the time and effort to produce long-term improvement). 

Lean production is originally a concept from Toyota Industries and is founded on 

doing simple things well and with time to do them better and, most importantly, to 
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eliminate all sorts of waste throughout the whole process (Slack et al., 2007). The 

lean philosophy also emphasizes the drive to operate continuous improvements and 

the involvement of staff. 

Womack & Jones (2003) explain five principles in Lean Thinking:  
 

− Value is created by the producer but can only be defined by the ultimate 
customer, thus it is important to know what the customer values. 

− The value stream consists of the actions needed to produce a good part or 
service. The entire value stream should be identified to be able to eliminate 
waste 

− The value creating actions in the value stream should flow 
− The customer should demand the product hence creating a pull in the 

production 

− The process of improving is endless. Perfection should be sought to come 
closer to what the customer actually wants 
 

Waste is any activity which consumes resources but does not create value (Womack 

and Jones, 2003). Today the lean philosophy accounts for eight types of waste, 

seven from the former Toyota executive Taiichi Ohno and one added by Womack 

and Jones (Womack & Jones, 2003). The 7 + 1 wastes are described as follow:  

− Overproduction: encompasses excess or too early production of items, 
excess information and producing/acquiring items before they are actually 
required. Overproduction is the most serious waste since it causes other 
types of wastes such as inventory, transport and over processing/handling 

− Transport: of goods from one place to another without any purpose, i.e. no 
value is added from the customer point of view. Each time a product is 
moved it stands the risk of being damaged, lost, delayed, etc.  

− Defects: Quality defects prevent the customers from accepting the product. 
The process in which the defect was produced is waste. In addition, 
rectification is needed in effort to reclaim some value for the otherwise 
scrap product.  

− Waiting: e.g. the time when waiting for information, materials or 
equipment. One tangible example is groups of people in a downstream 
activity standing and waiting because an upstream activity has not 
delivered on time 

− Inventory: ties capital in raw materials, work-in-progress (WIP), or finished 
goods. Any of these three items not being actively processed to add value is 
waste. Inventories also occupy space, require managing and products risk 
obsolescence and getting lost.   

− Excess motion: refers to the motion of the labourer or equipment. 
Examples of excess motions are bending, stretching, walks, searching for 
equipment or material, etc. This has significance to damage, wear, fixed 
assets and expenses incurred in the production process.  
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− Inappropriate processing: unnecessary performance that the customer 
does not require. E.g. excess controls and labour, excessive quality, packing 
and unpacking for in-house transports.  

− There is a particular problem with this item as regarding people. People 
may need to perform tasks that they are over qualified for so as to maintain 
their competency. This training cost can be used to offset the waste 
associated with over processing 

− Unused creativity: workers’ knowledge and ideas are not utilized 
 

When a manufacturing system has found its way of applying lean there will be a high 

potential of further improvements. Standardized work is not comparable to an ISO 

standard, which states what to be done it is the best way to carry out a task or set of 

tasks today. If there is a better way of doing it the standard would be changed. But 

changing the standard does not ensure that the task will be performed the new way.  
 

The expression Kaizen is the backbone of the Lean Philosophy. “Kai” means change 

and “zen” means to the better and usage in production can be very broad. According 

to (Burton and Boeder, 2003) Kaizen is a gradual, incremental and continual 

improvement of activities so as to create more value and less non-value-adding 

waste. Continuous improvement can be associated with many different tactical 

initiatives. For example, if there are daily improvements, even in small amounts, 

carried out in every job and function of the business, then eventually these small 

amounts accumulate into very large gains. The success of kaizen depends on the 

total commitment of the workforce to increase efficiency and reduce cost. 

2.3 Manufacturing system 
A system is an interacting combination at any level of complexity, of people, 

materials, tools, machines, software, facilities and procedures designed to work 

together for some common purpose (Chapanis, 1996). 

According to Bellgran and Säfsten (2005) a production system can be classified in 

three different perspectives: 
 

1. The functional perspective - Describes the system as a “black box” that transforms 

input to output. 

2. The structural perspective - Describes the system as a structure of elements and 

the relations between them. 

3. The hierarchical perspective - Describes the system as an element in a greater 

system. This hierarchy determines a systems relation or position in comparison with 

a greater system or in the other way around. 
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Wiendahl et al. (2007), shows a schematic description of factory level. 

 

System view

Network

Site

System 
process

Operations

Assembly 
system

Tasks

 
Figure 2 Structure of a factory levels [Wiendahl et al., modified] 

2.4 System and process design 
“System solution” is a wide concept and it is important that automatic 

manufacturing systems can respond to the constantly changing circumstances with 

high variation, shorter life cycles, larger customer adjustments and small series 

without delay or additional consumption of resources. Different existing theories of 

system design and technical solutions will be presented and explained. 
 

According to Fasth (2009), an assembly system operates as an integral part of the 

total production system, which in turn consists of all the elements that support the 

manufacturing system. A manufacturing system can be described from a holistic 

hierarchical perspective, where every system can be divided into elements or 

stations, which further can be divided into part elements or tasks. 

In the 1980s and 1990s several suggestions of process enablers were presented. 

Tharumarajah et al (1996) describes that Self-organised systems can be developed 

through a Bionic Manufacturing System (BMS) prototype model (Okino, 1996). Self-

regularized and dependent systems can be used by applying Holonic Manufacturing 

System concepts (Bell et al., 1980).  
 

Evolvable and reconfigurable systems (Barata, et al., 2005; Lohse, et al., 2005; Onori, 

2002) and process-oriented, evolvable and reconfigurable systems (Onori, 2005), 

have been developed and (Onori, et al., 2006a) suggest further research within 
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evolvable modularized systems, including hardware and software. Earlier ambitions 

to develop “flexible” assembly systems have been complemented by 

“reconfigurable” assembly systems (Barata, et al., 2005; Lohse, et al., 2005) with the 

ability of emergent behaviour included in “evolvable” assembly systems (Barata, et 

al., 2006; Maraldo, et al., 2006). Projects dealing with these topics underline that 

self-configuration, collaborative, and more autonomous assembly systems are 

needed to reduce the implementation times. 
 

The difference between evolvability in an operationally and managerially dependent 

and an independent (BMS) system is that a dependent system is able to evolve in 

one general direction with internal congruence. For the independent system, each 

subsystem possess has that ability, making the whole system far more agile and 

responsive to internal and environmental changes. According to (Lindberg et al., 

2007, Semere et al., 2007), an Evolvable assembly system is a system which is “being 

based on many simple, re-configurable, task-specific elements (system modules), 

this allows for a continuous evolution of the assembly system.  

Bjelkemyr (2007) defines operational and managerial dependence (a) and 

independence (b) that can be seen in figure 3. In the left view, the tinted sectors 

signify that each subsystem is unable to function satisfactory on its own, i.e. it is 

operationally dependent on the other sectors to create a whole. The striped circle in 

the middle signifies that they all have one joint management looking after the whole 

system. And this corresponds to Westkämper’s (2007) network description. 

 

Independent and constituent systems are useful in their own right and generally 

operate independent of other systems. The independent system has a larger range 

Figure 3 Operational and managerial dependence (a) and independence (b), 

 [Bjelkemyr 2009] 
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but the transformability must be agile if the system should be considered as 

efficient. The Reconfigurable Manufacturing Systems paradigm (Mehrabi, 2000) is an 

example of predefined - dependent- range flexibility and fast transformability. 

Robustness is the ability to handle predictable and unpredictable variations with 

minimal loss of functionality causing penalty time. It determines the range of 

magnitudes of changes within which the feasible respond occur. Low values of 

transition penalties imply agile transformability in the system and transition 

penalties are dependent on time parameters. The proactive assembly system idea is 

to add skills from a human “agent” as a core assembly system resource, this will 

make the system more independent and it will receive a larger range by 

independence.  

2.5 System resources 
In the ProAct project we defined the resources in an assembly system as:  
 

Technical equipment  

Automation that is flexible and quickly adjustable to different levels of automation 

in the assembly system. This applies to mechanical/physical as well as 

information/cognitive levels of automation. (Fast et. al., 2008, 2007, 2008)  

Information system  

Efficient and dynamic flow of predictable as well as unpredictable information 

between assembly, product development, production planning preparation, 

suppliers, marketing etc. (Fast et. al., 2008, Bruch et. al., 2007, 2008)  

Knowledge  

The system knowledge, facts and methods, as the knowledgebase carried by 

humans or computer.  

Human operators  

Operator team that have the knowledge of system tasks and relevant competence 

to perform demanded knowledge based task.  
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Figure 4 Theoretic model of an assembly system operation 

 

2.6 Information system 
Ability to vary levels of information, levels automation and competence has earlier 

been identified as three important factors in a proactive assembly system. The 

system transformation process defines the tasks that should be performed during 

set up and the task allocation for desired processes. Such an assembly system needs 

improved information exchange and this requires an adequate information and 

decision support system. The information presented to the operators should inform 

them about a reliable up to date picture of the situation but also present future 

production demands like what will be the next product in process. Information that 

supports event handling of the users has to be pragmatic and contribute to enabling 

the fulfilment of activities.  
 

Pragmatic information, which consists of two complementary dimensions; novelty 

and confirmation, adds knowledge to the user Fjällström (2007). Pragmatic 

information will support the users action since it will make a difference to what the 

operators already know (by novelty) but at the same time also include qualifications 

of the matter (confirmation). Neither 100% novelty nor 100% confirmation will make 

any difference to the users knowledge. 100% novelty does not contribute to 

understanding since the users are not able to relate the information to any meaning 

and 100% confirmation does not comprise any new information at all for the user 

(Fjällström, 2007). Further, for information to effectively fulfil the user’s needs there 

are six qualitative criteria that are required if information should be useful: 

relevance, timeliness, accuracy, accessibility, comprehensiveness and format. 



  

14 
 

2.7 Competence 
Definitions of competence are available in standard documents: ISO SS 62 40 70 

[SIS/SS/624070], "Competence management systems - requirement. ICS 03.120.10," 

defines competence as “the ability and willingness to carry out a task by applying 

knowledge and skills”. When defining competence the following implications were 

made: Ability – experience, comprehension and judgment to use knowledge and 

skills in practice, where willingness is the attitude, commitment, courage and 

responsibility; knowledge means facts and methods - to know and skills is to carry 

out in practice - to do (Dencker et. al. 2008). A list of requirements and criteria were 

developed by Mårtensson (1995) which was based on the human needs as phrased 

by Maslow (1954) and the socio-technical school (Einar and Emery, 1969), (Trist and 

Bamforth 1951). 

The requirements are general and applicable to all kinds of work and consist of six 

areas; 

− A versatile work content (e.g., the individual should plan, perform, and 

monitor the production task) 

− Responsibility and participation (e.g., responsibility for the complete work 

task, participation in the design process) 

− Information processing (e.g., planning one’s work, cognitive activity in new 

situations, problem solving at disturbances followed by decision-making) 

− Influence on physical work performance (e.g., choosing an automatic or 

manual method if possible, physical mobility, leaving your work place for a 

short while) 

− Contact and cooperation with colleagues (e.g., verbal and visual contact 

with at least one person, contacts with programmers or assembly 

department, cooperation in teams)  

− Competence development (e.g., to the individual acceptable skill level, 

competence being used in more qualified tasks, continuous training) [44].  

The list could be used as a checklist when designing the work organization in 

any human-machine system and when designing a decision support for the 

operator of the system. 

2.8 Roles and tasks in an assembly system 
The tasks in a production system e.g. an assembly system are the tasks needed to 

take the product from parts to non-assembled to a completed product. 

A model used for automated workplaces e.g. supervisory control was developed and 

is applicable primarily in the process industry (Sheridan, 1992). These roles are 

described as; Plan means that the operator decides what to do in the system. The 
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teaching step is then to transfer this plan to the system through programming but 

also assure that the right tools and materials are available to fulfil the plan. 

Monitoring means that the operator starts the process and controls the products 

when deviation occurs. The operator has to intervene when different disturbances 

occurs. The operator learns from every new task or product and can use this when 

planning the next batch. The model was then further developed for the 

manufacturing industry by Stahre (1995), Mårtensson et al. (1993). 

 

 
Figure 5 The operators’ roles [Stahre 1995 modified] 

 

Classification of the tasks in a production system can be described by The Skills, 

Rules, Knowledge (SRK) model. The SRK framework was developed by Rasmussen 

(1983) SRK framework is used to determine how information should be displayed to 

take advantage of human perception and psychomotor abilities. The idea is that by 

supporting skill- and rule-based behaviours in familiar tasks, more cognitive 

resources may be devoted to knowledge-based behaviours, which are important for 

managing unanticipated events. The three categories essentially describe the 

possible ways in which information, for example, from a human-machine interface is 

extracted and understood: 
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Figure 6 The skill-, rule- and knowledge based framework. [After Rasmussen, 1989 and 

Harlin, 2000] 

 

2.9 Automation  
Automation refers to the use of computers and other automated machinery for the 

execution of business-related tasks. Automated machinery may range from simple 

sensing devices to robots and other sophisticated equipment. Automation of 

operations may encompass the automation of a single operation or the automation 

of an entire factory. 

Qualified automation can give competitive advantages. However, highly automated 

assembly systems tend to be rigid and complex. Unfortunately, automation does not 

always fulfil expectations; the need for human intervention in cases of disturbances 

and system failures is still high. Smart automation is defined by (Ohno, 1988) as the 

human aspect of 'autonomation' whereby automation is achieved with a human 

touch. However, there is a tendency among industry to consider automation 

investments as a ” black or white” decision. This may be suboptimal, since there is 

not always a need to distinctly choose between humans or machines. The 

interaction and task division between the human and the machine should instead be 

viewed as a changeable factor which can be called the level of automation 

(Parasuraman et. al., 2000). Thus, identifying and implementing the right level of 

automation in a controlled way could be a way to maintain the effectiveness of a 

system (Bellgran & Säfsten, 2005). 

There are many different reasons to automate. Increased productivity is normally 

the major reason for many companies desiring a competitive advantage. 

Automation also offers low operational variability. Variability is directly related to 



Frame of references 

 

17 
 

quality and productivity. Other reasons to automate include the presence of a 

hazardous working environment and the high cost of human labour. Some 

businesses automate processes in order to reduce production time, increase 

manufacturing flexibility, reduce costs, eliminate human error or make up for a 

labour shortage. Decisions associated with automation are usually concerned with 

some or all of these economic and social considerations. 
 

According to Hollnagel (2003), automation has been used over the years for three 

main purposes: 

− To ensure a more precise performance of a given function, such as the self-

regulating flow valve or the flying-ball governor. 

− To improve the stability of performance by relieving people of repetitive 

and monotonous tasks, which they do very badly. 

− To overcome the capacity limitations of humans when they act as control 

systems, thereby enabling processes to be carried out faster, more 

efficiently – and possibly also more safely. 

 

Automation is often considered as the replacement of human effort by mechanical 

devices.  

Automation can be defined as (Sheridan, 1992) “an automatically controlled 

operation of an apparatus, a process or a system by mechanical or electrical devices 

that take the place of human organ of operation, decision and effort”. 

Even though research and development of automation has been going on since the 

early 1900s then manual operations still exist in production in a large extent 

especially in assembly. Assembly has generally been more difficult to automate at a 

reasonable cost (Boothroyd, 2005).  
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2.10 Level of automation  
The manufacturing context consists of a mix of both mechanised (physical) and 

computerised (cognitive) tasks. In addition to this it should be noted that most 

physical tasks in manufacturing are semi-automatic, a mix where both humans and 

advanced technology cooperate to achieve the task. If these two statements are 

combined with the definition of automation, still different levels of human-machine 

interaction (automation) exist. In this thesis future usage of the term Level of 

Automation (LoA) emanates from the definition by Frohm (2008); 

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

described as a continuum ranging from totally manual to totally automatic”. 

 

Level of Automation can have an impact on manufacturing from two different 

perspectives. The first perspective is of physical support in mechanical activities as 

mechanical LoA. In the second perspective it is supporting the cognitive activities as 

cognitive LoA (Frohm, 2008). To be able to measure and assess different levels of 

automation a methodology has been developed by Frohm et. al. (2007) which is 

described as, “The relation between human and technology in terms of tasks and 

function allocation, which can be expressed as an index between 1 (totally manual 

work) and 7 (totally automatic) of physical and cognitive support”.  

The scale developed for mechanical levels of automation (mechanical LoA) and the 

cognitive part is called information and control levels of automation (information 

LoA) is given in table 3 on the next page. 
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Table 3 Reference scale for Mechanical and Information Levels of Automation (Frohm 2008) 

 
LoA Mechanical and Equipment Information and Control 

1 Totally Manual - Totally manual work, no 

tools are used, only the user’s own 

muscle power. E.g. The user's own 

muscle power 

Totally Manual - The user creates his/her own 

understanding of the situation and develops 

his/her course of action based on his/her 

earlier experience and knowledge. E.g. The 

user's earlier experience and knowledge. 

2 Static Hand Tool - Manual work with 

support of a static tool E.g. Screwdriver 

Decision Giving - The user gets information 

about what to do or a proposal for how the 

task can be achieved. E.g. Work order 

3 Flexible Hand Tool - Manual work with 

the support of a flexible tool. E.g. 

Adjustable spanner 

Teaching - The user gets instruction about how 

the task can be achieved. E.g. Checklist, 

manuals 

4 Automated Hand Tool - Manual work 

with the support of an automated tool. 

E.g. Hydraulic bolt driver 

Questioning - The technology questions the 

execution, if the execution deviates from what 

the technology considers suitable. E.g. 

Verification before action 

5 Static Machine/workstation - Automatic 

work by a machine that is designed for a 

specific task. E.g. Lathe 

Supervision - The technology calls for the 

users' attention and directs it to the present 

task. E.g. Alarms 

6 Flexible machine/workstation - 

Automatic work by a machine that can 

be reconfigured different tasks. E.g. CNC 

machine 

Intervene - The technology takes over and 

corrects the action, if the executions deviate 

from what the technology considers suitable. 

E.g. Thermostat 

7 Totally Automatic - Totally automatic 

work. The machine solves all deviations 

or problems that occur by itself. E.g. 

Autonomous systems 

Totally Automatic - All information and 

control  are handled by the technology. The 

user is never involved. E.g. Autonomous 

systems. 

 

This methodology is called the DYNAMO++ in which feasible regions of the tasks are 

identified for both mechanical and information levels of automation. By this way, 

limits of the automation opportunities are observed and future improvements are 

planned. The presentation model is a matrix with LoAmech presented on the Y axis 

and the LoAinfo on the X axis.  
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Figure 7 Range of LoA 

 

The picture below exemplifies a solution with different levels of automation. 

 
Figure 8 Examples of levels of automation 
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2.11 Man machine interaction and task allocation 
The MABA-MABA was published by Fitts in 1951. MABA-MABA stands for Machines 

Are Better At - Men Are Better At and was an attempt to suggest allocation of tasks 

between humans and machines by treating them as system resources, each with 

different capabilities. For example; Machines Are Better At performing repetitive 

and pick-and-place operations while Men Are Better At fault search with incomplete 

information.  
 

The allocation of tasks has traditionally been based on rather simple principles, 

which tend to consider the system in terms of its parts rather than as a whole. The 

left-over principle means that tasks that have not been automated, due to either 

technical or economical reasons are assigned to the humans in the system. One of 

the early attempts to do otherwise was formulated in the MARK III system 

requirements (Gröndahl et al 1995). In MARK III one principle was to allow “stepwise 

automation” and therefore the human operator was already from the design phase 

integrated in the system.  
 

More recently, a complimentarily principle for the allocation of functions has been 

advocated. Instead of focusing on the capabilities and limitations of the components 

in the system, the focus is on how the humans and machines can complement and 

support each other. Human and machine functions are not seen as being in 

competition or as being replaceable, but as being mutually dependent and 

necessary to achieve the overall purpose-Joint System (Hollnagel et. al., 2006). The 

allocation of tasks should thus serve to maintain control of the situation and support 

the retaining of human skills according to Grote (2004).  
 

Core resources, such as humans and technical equipment, need special attention 

when designing and redesigning an assembly system. The balance between the 

human and automation can be used as a design parameter, by determining a 

specific LoA in the assembly system. LoA is defined as ‘the relation between human 

and technology in terms of task and function allocation’ (Frohm et al, 2006). LoA is 

an indicator of the allocation of tasks in an assembly system and is expressed as an 

index of physical as well as cognitive tasks. Choosing the wrong level of automation 

may result in considerable investments without sufficient gain in assembly system 

capability. To approach a proactivity assessment in assembly systems, the ProAct 

project has performed case studies in five Swedish industrial companies.  
 

The research of how to integrate the human resources into the assembly system in 

the most efficient way continues. In the ProAct project the approach was to treat 

the human and automation as resources in the planning phase of the assembly 
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system, not an “add on” in the end to handle the leftover operation which turned 

out to be too difficult or expensive to automate. This has earlier been described in 

This approach aims to exemplify how the human operator is an integrated part of 

the assembly which cannot be totally replaced as the definition of Sheridan (1992) 

suggests. Therefore the integration of human-automation potential remains 

paramount.  

Harlin (2000) states that Chapanis (1996) tries to close a gap between human factors 

professionals and the information of use to system designers, high-lightening 

interaction in the system definition: 
 

“A system is an interacting combination at any level of complexity, of people, 

materials, tools, machines, software, facilities and procedures designed to work 

together for some common purpose.” 
 

Duties will change and evolve in future production (Harlin et. al., 2011). There will be 

increased production complexity due to new products and fast pace of change, 

which also changes the nature of the tasks that are needed. This also changes what 

you have to consider helping prepare and enhance proactivity. Here, studies show 

the need to in a more conscious way adapt technology development and selection 

of automation level in relation to organization e.g. the need of organizing the 

competence and whole understanding, information, leadership, ability to prevent 

and manage changes and disturbances, participation in improvement and 

development (Gullander et. al., 2011). 
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2.12 Situation awareness 
Proactivity is not a new concept, as proactivity often can be observed in the 

behaviour of highly skilled and experienced workers. Experience, pattern recognition 

and other human cognitive skills support the way working people prepare 

themselves and their workplaces for expected and planned events. A classical model 

for proactive behaviour, Situation Awareness (SA), was proposed by Endsley & Kaber 

(1999). The three levels of situation awareness were defined as:  

− Perception of elements within the current situation 

− Comprehension of the current situation  

− Projection of future state 

 

The activities during a corrective phase are according to Rouse (1988): 

− Detection - become aware of the production disturbance and detect the 

fault 

− Diagnosis - localize the source and cause of the fault 

− Decision making- decide to proceed or to call for supervision 

− Corrective measures - repair, execute, monitor 

2.13 Time 
The calculations of time parameters give important information and facts to the 

planning of the capacity requirements and have direct impact on capacity 

dimensioning and resource utilisation. These times are also central for the product 

cost (Olhager, 2000).The time parameters used in this thesis is presented briefly 

below: 

Cycle time - the time it takes to manufacture an individual product, (Mattson, 2004) 

and for the operator to finish all of his/her work tasks included in the operation 

(Fast, 2009). 

Set-up time - the time from the last correct unit in a finished batch to the first 

correct unit in the following batch (Olhager, 2000). According to (IVF 1982) there are 

two types of set-up time;  

Internal set-up means task that have to be performed within a machine when it is 

stopped and not producing. 

External set-up refers to tasks that can be performed outside the producing 

machine, simultaneously. 

 

Operation time - the time for carrying out one manufacturing step. It includes 

waiting time, transport and handling time to the production group/line, queue time 

to the group/line, set-up time and production time. It represents one part of the 
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throughput time. Sometimes in this thesis the phrase “operation time” will be used 

differently and in that case explained. 

Throughput time - the time it takes to manufacture a part from material and start of 

the first operation to delivery of a finished quality approve product. The throughput 

time is a part of the lead time and includes transport times, queuing times, set-up 

time and producing time (Mattson, 2004). In this thesis when “throughput time” is 

mentioned it refers to the section of the assembly system for the moment analysed.  

This model can be coupled to the EPS approach, in which tasks (skills) are well 

structured and categorised. The IDEAS (FP7) project offers software tools by which 

one may input these tasks. What is missing is the human as a set resource. 
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3 Research approach 

 

3.1 Background 
A scientific approach comprises a search for the truth by the study, analysis and 

organization of problems. A scientific approach also involves structuring existing 

knowledge within a certain field and task. Science is a knowledge acquiring 

according to Chalmers (1992). One direction of how to make progress in science is 

falsification. Chalmers (1992) describes the falsification as follows: 

“The progress of science as the falsificationist sees it might be summered up as 

follows. Science starts with problems, problems associated with the explanation of 

the behaviour of the aspects of the world or universe. Falsifiable hypotheses are 

proposed by scientists as solution of the problem. The conjecture hypotheses are 

then criticized and tested. Some will be quickly eliminated. Other might prove more 

successful. These must be subjected to even more stringent criticism and testing. 

When a hypothesis that has successfully withstood a wide range of rigorous tests is 

eventually falsified, a new problem has emerged. This new problem calls for the 

intervention of new hypotheses.” 

 

Common to all scientific disciplines is, according to Hartman (1999), the fact that 

they are more or less distinct, striving after general knowledge. Knowledge is 

according to Hartman (1999) both a means and an aim. Sub-knowledge may be a 

means to achieve more knowledge. This fact could be related to the research task, 

where knowledge from research fields related to manufacturing is necessary to 

obtain the necessary knowledge concerning the design of a smart assembly system. . 

Researchers are working with models of the reality to be able to generalize 

knowledge and ideas. A paradigm is any set of general and ultimate ideas about the 

constitution of reality (Arbnor and Bjerke, 1997). This constitutes the set of basic 

assumptions the researcher bring with them as they approach a given subject. A 

model is a simplification of the reality in different degrees. Arbnor and Bjerke (1997) 

advocated three approaches: 

− the analytic approach, 
− the systems approach and 
− the actors approach. 

 

The analytical approach assumes reality is the sum of observable parts. This is a 

classic view of the researcher attempting a purely empirical approach. The main idea 
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is that specific judgments are independent of the researcher and can therefore be 

verified or falsified thru a process of testing a hypothesis. The goals are to describe, 

explain, forecast, and guide a problem. This is accomplished by setting up a testable 

situation and through a process of testing and observation concluding or forecasting 

an answer. The systems and actors approaches are just as valid as an approach to 

the study of manufacturing systems. Each of these systems has its merits and 

detractors. In a good research project, any of the methods is valid or a combination 

of methods might be appropriate. Often a given research project will need to be 

verified by elements of the paradigmatic process by each of the approaches to 

continue as a part of the social fabric or be incorporated into the theories of new 

knowledge of the future. 

The only true question for the researcher in this area is how to decide which tool is 

the right tool for the job. The approach to a method for evaluation of proactivity is 

also based on a simplified model in order to generalize knowledge. 

 

3.2 Research methodology 
In developing the operational framework for this study, it is important to 

understand that manufacturing open systems with a lot of collaborating resources 

with common and separate information flow.  

The EPS scientific methodology illustrated below is well adapted and used by Maffei 

(2010) and Akillioglu, (2011). 
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Figure 9 Research methodology [Maffei, 2010 modified] 

 

The methodology is based on Chalmers and Karl Poppers basic premise as well as 

Aganovic (2004) work in engineering scientific methodologies.  
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3.3 Research design 
To fulfil the research objective and to analyse existing solutions literature reviews 

and four empirical case studies where performed. The research has been 

performed: 

− by DYNAMO ++methodology 

− by semi structured interviews 
− by gathering existing data 
− by carrying out interactive work shops  
 

Much time was spent in observing and understanding the assembly system. The 

interviews with the operators and the employees complemented our understanding 

of the assembly lines.  

 

 
 

Figure 10 The research process 
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3.4 DYNAMO ++ 
Parallel with the worked performed to answer the set research question the 

researcher team has developed the DYNAMO methodology (Fasth et al, 2008).In 

short the method has been extended from Frohm et al. (2008) with: 

 

− Video or tape documentation has been used in all case studies to easier 

analyze the assembly system. 
 

− “Lean awareness” in the measured companies is seen as necessary to be 

able to perform and understand the usage of step 3-10 (modification 

steps). 
 

− A simplification of the equation has been developed in order to decrease 

the time in step 4-9 (modification steps), and to decrease the subjective 

assessment in the work shop. 
 

− No information was given out before the people who were doing the 

measurement were in place at the companies, i.e. off-site measurement 

could not been done in any of the case studies. 
 

− Doing a Value Stream Mapping (VSM) to gather information about the time 

parameters, the information and material flow in the system to get a 

deeper analysis of today’s system. 
 

− Measure LoA based on value adding and not value adding tasks in the 

system. 
 

− Logic has been developed to simplify future simulation of levels of 

automation in an assembly system.  
 

− Consideration also has to be taken about the operators’ competence and 

education about future changes. 
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Figure 11 DYNAMO ++ methodology 

 

3.5 Observations 
We conducted observations for data gathering directly by ourselves and from 

objective recordings of the subject behaviour. This is because observing by merely 

walking around an operating human-machine system to “see what goes on” is hardly 

a good observational method (Bryman 2004) but indispensable as it is a useful 

method in collecting additional information about how operators behave in actual 
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work situations (Yin, 2003). This is similar to step 3 of the DYNAMO++ methodology 

(visualize and document the production flow). This is done by “walking the process” 

and defining the stations/cells of the production flow (Frohm, 2008). 

3.6 Interviews 
To collect more data and gain an understanding of how operators interact in actual 

work situation, interviews were used as one of the important sources of data 

collection. In addition, interactive workshops were carried out with operators, 

engineers and production technicians in participation especially during the 

determination of maximum and minimum levels of automation and the analyze 

steps. 

 A interview template was used (see Appendix 1). 

 

Table4 Interviews in the case studies 

 

Number and 

position of 

persons 

interviewed  

Company 1 

 

Company 2 

 

Company 3 

 

Company 4 

 

Number of 

interviews 

9 7 

 

9 

 

5 

 

Position of 

persons 

interviewed 

    

Production 

management 

1 1 2 2 

Production 

technicians 

3 3 3 1 

System developer 1 (1) the operator 

handled the system 

development 

1 1 

Planning  (1) the operator 

handled the 

planning 

(1) the operator 

handled the 

planning 

(1) the management 

handled the planning 

Logistic   1 (1 the operator 

handled the logistics) 

Operator 4 3 4 2 
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3.7 Hierarchical Task Analysis 
Kirwan and Ainsworth (1992), defined Hierarchical Task Analysis as a task 

description method based on the principle of an overall goal that is divided into sub-

goals and the operations needed to reach these goals and the conditions under 

which the operations have been performed. From observations, operation 

instructions or manuals, data for the Hierarchical Task Analysis was gathered. From 

this data, the task goals were identified and expressed in verb-noun form. These 

task goals were divided into sub-goals and operations to the stage were a task can 

be performed by either an operator or machine through progressive re-description 

to describe the task behaviour in progressively finer detail 

3.8 ProAct 
The research project was formed in 2006 and was a national cooperation between 

academia, branch research institutes and industry1. The aim of the ProAct project 

was to develop a proactive approach for development of new assembly systems. 

Such an approach is defined as the:  

“Ability of preparation for changes and disturbance during operation and planned, 

long-term, and sustainable evolution of an assembly system”  

The main assumption of the ProAct project is that the capability of a proactive 

assembly system (including its technical and human resources) creates competitive 

advantages in terms of cost-efficiency, flexibility, quality and response time (lead-

time).  

A proactive assembly system should be a meticulously and carefully planned 

combination of automation and manual knowledge work where the level of 

automation (LoA), the level of competence (LoC) and the level of information (LoI) 

are decisive factors. These three parameters will contribute to a cost efficient 

proactivity:  
 

Level of Automation represents a flexible and quickly changeable level of 

automation in the assembly system. This applies to mechanical/physical as well as 

information/cognitive levels of automation.  

Level of Information Describes an efficient and dynamic flow of predictable and less 

predictable information between assembly, manufacturing production, preparation, 

suppliers, marketing etc.  

                                                                 
1 Chalmers University of Technology, Jonkoping University, Royal Institute of 
Technology, Swerea IVF, Parker Hannifin AB, Stoneridge Electronics, Electrolux 
AB, GGP and Siemens Building Technology 
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Level of Competence describes changes in the combined knowledge of the 

operators. Efficient system operation relies on continuous competence 

development and rapid learning processes  
 

The author’s part in the project was to investigate what is proactivity and the 

prerequisites for this. This knowledge was used to find relations between LoA, LoI 

and LoC in order to design and offer guidelines for the implementation of a well 

functioning proactive assembly system for the future. 
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4 Summary of appended papers 
 

Relation between the appended papers and the research questions are presented in  

Figure 12. 

 

 
 

Figure 12 Summary of appended papers 

4.1 Paper 1. An Approach to Proactive Assembly 

Systems - Towards competitive assembly systems 
The aim of this paper was to do the first description of the concept of proactivity. 

The paper introduces the three parameters that strongly contribute to proactivity 

and describes the parameters as well as the overall point of adding proactivity to 

assembly system development. 

The focus was to describe the proactive concept along with arguments for focus on 

levels of automation, information, and competence as main drivers for the degree of 

proactivity.  

The first description of the value added by proactivity and a system growing from 

lean to proactive has the capability to prepare for:  
 

1. changes and disturbances during operations 

2. planned long-term, sustainable evolution of the assembly system.  

 

Proactive assembly systems are expected to be more stable and ready to meet 

changes, due to the ability for pre-planned disturbance handling and inherent 

preparedness for long-term development. The identified factors contributing to 

proactivity according to several researchers are presented in Table 5 Factors 

contributing to proactivity. 
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Table 5 Factors contributing to proactivity 

 

 

The authors suggest that these three parameters strongly contribute to proactivity:  

–Level of Automation (LoA)  

Flexible and quickly adjustable levels of automation in the assembly system. This 

applies to mechanical/physical as well as information/cognitive levels of 

automation.  

–Level of Information (LoI)  

Efficient and dynamic flow of predictable as well as unpredictable information 

between assembly, product development, production planning preparation, 

suppliers, marketing etc.  

–Level of Competence among operators (LoC)  

Relevant and prehensible competence development for assembly operators.  
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Marcos et al, (2005) X       X     

Rekiek et al, (2002) X  X         X 

De Vin et al, (2005)        X X    

Van Brussel et al, 

(1998) 
X     X  X  X  X 

Bley et al, (2004)]        X  X X X 

Ueda et al, (2001)  X   X  X  X     

Merchant et al, 

(1983) 
   X    X  X   

Brown, (2001) X        X X X  

Frohm et al, (2008)  X      X X    

Wiktorsson et al, 

(2000) 
        X   X 
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Technical as well as human “system components” must constitute reliable resources 

in the manufacturing system. To be able to accomplish this integration the tasks in a 

production system has to be clearly defined.  

Categorizations of work tasks for mechanical as well as for information tasks are 

here described as “The roles of the operators” and are primarily described as 

planning, programming, monitoring, intervening and learning. The main purpose of 

task identification is to get a balance between human operators and technical 

resources and the proactive assembly operators’ work should be defined as 

“knowledge work”. 

The conclusions are that the proactive concept emphasizes human resources on the 

shop-floor this contribute to the possibilities to dynamically and gradually deploy 

such resources to proactively resolve problems. The combination of skilled human 

operators, dynamically semi-automated assembly systems and the aspect of 

emerging and self-configuring systems are set as the field of research. 

4.2 Paper 2. Characteristics of a Proactive Assembly 

System 
The aim was to describe the concept of proactivity; taking action by causing change 

towards a state and not only reacting to change when it happens. This paper 

describes the system structure and expected effects of this.  

 

The Focus of the paper was to describe the main features required to prepare the 

assembly system by means of:  

− flexibility 

− robustness 

− speed of change 

− ability to handle frequent changes 

− evolvability 

 

Resources in an assembly system are set to be:  
 

− Technical equipment  

− Information system  

− Knowledge  

− Human operators  
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A theoretical description of an assembly system is shown in Figure 13. 

 
Figure 13 Structure of an assembly system 

 

The paper reviews different system theories and differences of dependent and 

independent system. The purpose is to make the system more independent and it 

will receive a larger range of possibilities by independence. 
 

The system resources and transformation process are discussed and the paper has 

made a first categorization of assembly tasks to better understand the correlation 

between the systems resources and performed tasks during operation.  
 

The possibilities to dynamically allocate tasks between human and technical 

resources are required. To enhance the understanding of the relation of LoA and 

proactivity four case studies was performed during autumn 2007 at four industrial 

companies with final assembly in Sweden. In Figure 14 three findings of variable LoA 

is presented. 
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Figure 14 Different solutions of varying LoA 

 
The conclusion is that it is not the person, nor the machine that is capable of 

proactivity, but rather the fully integrated system of human and technical resources. 

Proactive system behaviour may not be described in terms of classic hierarchical 

manufacturing system models. A modern assembly system must be independent 

operational and managerial to support an agile transformation of the resources. 

Given this independency, tasks can be reallocated proactively. The LoA concept gives 

the system a wider range of possible solutions but the range can be delimited by the 

level of competence of the operator group when it comes to difficult tasks like 

disturbance handling and reconfiguration. 

4.3 Paper 3. Proactive Assembly Systems – realizing the 

potential of human collaboration with automation 
The aim of the paper was to investigate the human resources interaction with 

technical resources in an assembly system. Increased and structured human 

involvement contributes to increased system ability to proactively address predicted 

and unpredicted events. Correct involvement of human operators will utilize the 

combined potential of human and technical capabilities. 

The focus is the need for proactivity in assembly systems, complementing 

traditional, reactive system activities. We claim that proactivity can be influenced by 

a systems ability to change the levels of automation, information, and competence 

respectively, in a semi-automated assembly system. In a proactive assembly system 

its human and technical resources are prepared for and may anticipate changes and 

disturbances during operation. This implies a combination of short resetting time 

and robustness of the system as a whole and its resources. A major challenge is to 

reduce and minimize the lead time. 
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Earlier stated activities during a corrective phase are, according to Rouse (1988): 

− Detection –become aware of the production disturbance and detect the 

fault 

− Diagnosis – localize the source and cause of the fault 

− Decision making- decide to proceed or to call for supervision 

− Corrective measures –repair, execute, monitor. 

 

Based on the findings during the case studies the following model is presenting the 

activities during a planned and unplanned disturbance. 

 

 
 

Figure 15 Description of a ordinary course of events generated by a deviation 

 
A deviation, for example a vibration och a new order, may be a trigger for change on 

operational level. The phase after the deviation until the system stops producing is 

called the pre-disturbance phase. The performance is affected negatively during this 

period of time. If you not prepared activities during a corrective phase are made 

during down time.  

With a proactive setup the system has the ability to detect and react on deviations 

earlier. 
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Figure 16 A proactive systems course of events generated by a deviation [Developed from 

Ylipää and Harlin, (2007) and Ylipää, (2000)] 

 

Most of the assembly tasks are relevant in the light of proactivity. However the tasks 

of setting up, order handling, assembly and disturbance handling are dealing with 

the situation of today. The paper presented the definition of work tasks based on 

the case studies that had been performed. 

 

A functional analysis is carried out, addressing expectations on the system and 

assumptions on which duties, tasks, and actions that will be included in the operator 

team responsibilities. The cognitive task analysis involves interviews of stakeholders 

at different levels in the organisation. Interviews focus on mental activities e.g. 

information handling, communication, and decision making in normal operation. 

This also involves a comparative analysis between novice and expert operator work. 

When considering the applicability of the three parameters automation, information 

and competence the ProAct project has been using an extended version of the 

DYNAMO methodology (Frohm 2008; Fasth et al 2008) which enables measurement 

of the level of automation both in terms of mechanical and information work tasks. 
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The conclusion is that proactivity in assembly also provides reduction of 

disturbances and higher situation awareness among assembly system operators. The 

authors have determined that contributions to proactivity can be made through 

changes in information, competence and automation. Such changes require 

quantification of levels of automation, information and competence. Proactivity 

enables human advantages with respect to automation as well as advantages in 

automation related to human abilities. 

4.4 Paper 4. Designing proactive assembly systems – 

Criteria and interaction between Automation, 

Information, and Competence 
The aim of the paper was to discuss that the operator group within the assembly 

system should have the ability to work proactively and the operators’ job flexibility 

should increase. This will prevent problems and thereby decrease the downtime in 

the system. 

The focus was to describe a proactive behaviour and the paper characterized this by 

three main areas; 

1) Anticipation of problems related to change 

2) Initiations of activities that lead to solution of the change related problems 

and improvements in work, and 

3) resolution of change related problems. 

 

It is vital to find criteria and interaction between levels of automation, information, 

and competence in order to optimize the system. In the ProAct project, five case 

studies have been carried out to investigate how many of the 15 tasks the operators 

have fully, partly or non control over in the present system. The paper includes an 

investigation of the current stage of the operators’ tasks in case companies. In 

Figure 17 the percentage distribution of the interviewed roles is presented. This 

shows that the operators have the main responsibility for less than 20 % of these 

tasks. In most companies, operators have no participation in planning and 

maintenance (only in small disturbance handling). Partly involvement differs from 40 

to 65 % between these companies. This means that the information flow between 

the operators and other sources becomes more important in the companies with 

low operator involvement. 
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Figure 17 Task allocations between different roles 

 

The paper investigates the relation and states that it’s the interaction of LoA, LoI and 

LoC that influence the systems situation awareness. Situation awareness is defined 

as a central point to be able to achieve proactivity.  

The ProAct loop is presented in Figure 18 and is an illustration of the meta-

methodology. 

 

 
Figure 18 The ProAct Loop 
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The conclusion is that the interaction between the three areas; automation, 

information, and competence is necessary in order to design a proactive assembly 

system. By understanding this interaction is necessary and optimizing the separate 

areas in a structured way using the proposed meta-method (the ProAct-loop), 

system designers can avoid e.g. over- or under-automated systems. 

4.5 Paper 5. A model for assessment of proactivity 

potential in technical resources 
The aim was to define first a tool for evaluation of proactivity. To be able to sense 

system deviation during running time the normal work has to be well defined. This 

requires lean awareness by for example well defined processes. How you 

reconfigure the processes and allocate your resources is a result of a proactive 

ability. Variable LoA enlarges the range of possible solutions. In order to expand the 

operator action space the authors have developed a methodology for determination 

of how technology can contribute to proactivity.  

The focus is that existing systems engineering methodologies have difficulties with 

evaluating the benefits of protective measures. The fundamental goal of this 

research is to developing a design process that enables speed analysis of proactivity 

to be performed at the architecture level (e.g., to be able to answer the question: 

“…..vs.       —which is more proactive?”) The research focus is to define assembly 

system factors that support proactivity concerning speed of change and the systems 

ability to handle changes. A first step is the suggested evaluation model presented in 

the conclusion. 

The conclusion is a first theoretical model for assessment of technology and 

assembly system solutions that fulfil requirements for a proactive assembly system. 

Criteria for proactivity in different technical solutions of assembly system were 

reviewed. To be proactive the operators/system has to notice the signals, is able to 

interpret and has the tools to act correctly. 
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5 Summary of the cases studies 
This chapter gives a brief presentation of the participating companies and a 

summary of the results.  

5.1 Introduction  
During the period from 2007 to 2010 the author performed the following case 

studies together with the research group supported by master thesis students. 

Parallel with these research colleagues have performed another two case studies in 

a similar way. 

 

Table 6 Overview of the performed case studies 

 

Case study Production area The authors role Period Project 

Case study 1 Valve assembly Measured, observed 

and performed 

interviews. 

May 2007-June 

2007 

ProAct 

Case study 2 Final assembly Measured, observed 

and performed 

interviews. Tutor for 

master thesis 

August 2007-

December 2007 

Pro Act 

Case study 3 Final assembly Measured, observed, 

and performed 

interviews. Tutor for 

master thesis 

January 2008-

September 2008 

Pro Act 

Case study 4 Milling station Measured, observed 

and performed 

interviews. 

January 2009-

December 2009 

Strategic 

Automaton 

 
All case studies are performed with the DYNAMO methodology using step 1-8 in the 

DYNAMO ++ methodology, Figure 11, page 30. The parallel work with the 

methodology development has not affected the result because the content of the 

results that are used in this thesis does not differ from the original model to the one 

presented here. Value Stream Mapping(VSM) is performed in case study 2, 3 and 4. 
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5.2 Company presentations 

5.2.1 Company 1 

Company 1 is a producer of hydraulic valves including hydraulic, pneumatic, 

instrumentation, refrigeration and aerospace in a variety of types and various 

configurations. The valve types can be manual, motor actuated or solenoid operated 

while mounting configurations can be sub-based, in-line or manifold. The quality of 

the product is the focus in the company. The challenge is to gain in quality without 

raising the production cost.  

The main problem in the assembly is the large scale of similar variation. According to 

the operators it is very easy to make mistakes in the assembly line. The company 

itself thinks they miss proper automated assembly solutions. 

5.2.2 Company 2 

Case study 2 has been carried out at a producer of mobile controls. Mobile controls 

are control and safety systems for drive and working pneumatic of mobile 

equipment. The drives assist in transforming the energy of the compressed air into 

motion and force. The plant had 260 employees, 230 blue collar and 30 white collar 

workers. 

The products to follow in the study have been chosen because they occupy 

important part of the assembly operations and that it was possible to get sufficient 

figures about the equipments, materials and information which are used at 

assembly stations all over the factory. 

5.2.3 Company 3 

Company 3 manufactures and supplies products and systems for control, regulation 

and monitoring of heating, ventilation and cooling systems. The business area 

includes systems, integrated solutions and services in burglar alarms, access control, 

area alarms and fire alarms.  

Production technology is divided into product engineering, process development 

and command and control development. Within these areas there are a total of 23 

white collar and 171 production workers. The plant has an area of 8000 square 

meters, but the whole surface is not used. 

The selected section was a Gear Box assembly line. The aim was to show the 

applicability of this methodology in assembly systems and to provide Company 3 

with a starting point for further development of the assembly system. 
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5.2.4 Company 4 

Company 4 is a subcontractor and primarily a supplier of metal cutting for Swedish 

industry. They also offer in house services in welding, assembling and painting. Their 

customers are in need for extra capacity and product changes e.g. they need to 

lower the cost of today's product. They have a close collaboration with the 

customers and offers also support or redesign like design for assembly. Company 34 

has 26 employees which is 3 management/white collar workers. 

5.1 Results from the DYNAMO++ 
 
For every company step 1-8 in the 

DYNAMO++ were performed. The research 

team selected the system to be analyzed 

based on matching for the ProAct project 

as well as the company’s need for 

improvement of a specific area. The 

different triggers of change in presented in 

Fasth (2010). The researcher team walked 

the process and defined persons for the 

interview. The selection of persons to 

interview was based on: 

 

− Competence/experience (both 

novice and expert was required) 

− Function in the selected system 
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For all companies a rough production flow was documented. First with a layout 

description and this was followed by an identification of the main tasks in the 

selected area. Much time was spent on the HTA to identify every subtask. 
 

 
Figure 19 Flow chart of a company in the case studies 
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The flow chart in Figure 19 was complemented with a more visual sheet, Figure 20, 

which was used at the workshops. The clarity of the material meant that all 

participants in the workshop could see the direct link between detail and assembly 

task. 

 

 
 

Figure 20 Detail HTA [Akillioglu, 2009] 

 

After tasks have been broken down and identified, LoA was judged by the 

researchers based on the two reference scales for mechanical LoA and information 

LoA (see Table 3). The judged LoA for each task is then based on how the task is 

conducted and what type of interaction that is observed in fulfilling the task. The 

type of interaction for each sub-task is then mapped against the two reference 

scales. The data obtained from the measurement are filled to “Loa Measuring” sheet 

of the excel file developed. An example of the sheet and the observed LoA values 

can be seen in  

Figure 21. 
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Figure 21 Example of LoA determination 

 

The documented results together with the LoA analysis were the background 

material for step 7, the workshop to determine the relevant maximum and 

minimum of LoA for the tasks. 

During the workshop relevant maximum and minimum levels of automation from 

both mechanical and information aspects have been estimated with the aid of 

related personnel and engineers. The participants were two to four researchers, 

production engineers, material handlers, operators and in three cases plant 

manager and construction personnel. The findings are gathered in the sheet called 

“min and max values”,  

Figure 22. 
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Figure 22 Determination of maximum and minimum of relevant LoA 

 

5.2 Results of the case studies 
At the companies in the case studies the competence among the operators is high. 

At two of the companies the operator team performs short-term planning, real-time 

recourse allocation and actions in disturbance handling. Planning and programming 

tasks requires a higher level of competence. To be able to further develop the 

proactivity evaluation tool the researcher group found it crucial to carefully define 

the tasks in an assembly system. The information flow and decision mandate has to 

be linked to what to perform. General is that work instructions were informative in 

description of what to perform but not yet how to perform the operation. There is 

work with standardization of assembly task going on but there is a resistance to 

apply a new way of working among the expert operators. Besides of the factor of 

how the instructions are designed there is a problem with how to get the operators 

to read them. 

The definition of work tasks performed in an assembly system is presented in Table 

7. The result is a consolidation of the earlier presented definition made by Dencker 

and collegues, the four case studies presented in this thesis as well as three other 

case studies performed within the research team.  
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Table 7 Roles and tasks in an assembly system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tasks in an assembly system  

Plan  

1. Long term planning ( ≥2 weeks)  

2. Short term planning ( 1- 2 weeks)  

Teach  

3. Programming for a new product 

4. Process planning    - Work instructions 

                                   - Define resources capability 

Perform/monitor  

5. Assembly 

6. Order handling 

7. Set up - Machine set up 

                 - Material set up 

                 - Program setup 

8. Monitor process  

9. Identify deviations 

10. Material supply 

11. Maintenance 

Intervene  

12. Disturbance handling    - Lack of material 

                                                 - Mechanical disturbances 

                                                 - Software disturbances 

13. Quality assurance          - Product 

                                                 - Process 

Learn  

14. Learn new work task     - Handling new processes 

                                                 - Handling new kinds of deviations 

                                                 - Develop new program 

15. Train colleagues  
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In the table in appendix 2 the tasks where performed of different functions.  

To be proactive the criteria was set to be: 
 

1) Anticipation of problems related to change.  

2) Initiations of activities that lead to solution of change-related problems and 

improvements in work.  

3) Resolution of change-related problems.  

 

The anticipation and initiation is determined by the researchers that performed the 

case study and based on the interview answers. To determine the resolution an 

evaluation tool for determination of decision mandate was used (see appendix 2). 

The resolution is evaluated from both technical view (decision of technical 

equipment and maintenance etc.) and from the administrative view (schedule, 

evaluation of work performance). 
 

At the scenario with fixed information and fixed competence it was low or no 

possibilities of varying mechanical LoA. This added time to repair and reduced the 

operator team to arrange a new setup at machine failure. Low LoA cognitive made it 

impossible for the operator to plan for the next batch and setups were most 

internal.  

According to the surveys the situation with fixed competence in the operator group 

and fixed LoA but the possibility to vary the amount of information gave reduction in 

the setup time as well as the task time. The decreased setup time is a result of when 

the assembly system knew ahead what products that was in the queue. The 

operators could make a last minute optimization of the future setups within 

predefined frames. The possibility to rearrange between the orders gives possibility 

to make the setup times shorter and more setup could be performed as external 

setup. A higher amount of information to the operator team gives the effect that if a 

machine does not fulfil the requirement the group allocated the desired task to an 

operator until the machine got repaired. 
 

The result of the survey is the definition of work tasks in an assembly system. Ability 

to in a structured way vary LoA gain the “operator action space” and in the same 

time gave a larger solution space. The ability to be proactive depended very much 

on where to find the mandate to decide on changes and planning. It is clear that the 

system must have the mandate to make changes to deal with predicted and 

unpredicted events. If the mandate was outside of the system, which is common, 

the ability to be proactive decreased. Changes in the system are often handled 

without the involvement of the operator. 
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Criteria 1) anticipation of problems 

related to change,  

2) initiations of activities that 

lead to solution of the change- 

related problems and 

improvements in work      

3) resolution of 

change- related 

problems 

Number of positive 

answers  

Technical (max 14)/ 

Admin(max 15) 

(Appendix 2) 

Company 

1  

No  

- no holistic view 

- not able to forecast changes 

- not able to foresee incoming 

products 

- no little knowledge about the 

products 

+pulse meeting for information 

sharing  

No 

- poor knowledge about the 

processes 

- no mandate in the group to 

allocate resources 

- low lean awareness 

- limited resources (fixed LoA) 

- lack of information 

Functional 

5 

2 

Tactic 0 0 

Strategic 0 0 

Total 5 Total 0 

Company 

2  

Yes 

+ Holistic knowledge 

+ Information and knowledge to           

foresee changes 

+ Product knowledge 

+ Lean awareness 

Yes 

+ knowledge about the processes 

+ mandate of resource allocation 

+ availability of resources with 

different LoA  

+ mandate to change the 

production plan 

- limited resources with different 

LoA  

6 4 

4 2 

1 2 

Total 11 Total 8 

Company 

3  

Yes 

+ Holistic knowledge 

+ Product knowledge 

+ Lean awareness 

+ Information and knowledge to 

foresee changes  

Yes 

+ knowledge about the processes 

+ mandate of resource allocation 

+ availability of resources with 

different LoA  

+ mandate to change the 

production plan 

6 4 

4 3 

2 2 

Total 12 Total 9 

Company 

4  

Yes 

- Holistic knowledge 

- Product knowledge 

No 

+ knowledge about the processes 

- Limited resources (fixed LoA) 

- Not correct information 

Low operational lean awareness 

6 4 

4 1 

2 3 

Total 12 Total 8 

 

The anticipation and initiation is evaluated from the interviews (appendix 1) and the 

evaluation tool presented in appendix 2. The anticipation is closely related to clearly 

defined work setting, experience and a holistic view and information quality. The 

determination of the anticipation factor is made by the persons who work in the 

system and their comments. 

The ability to initiate is closely linked to the mandate of decision making like 

planning and resource allocation. A span of different solutions increases possibilities 
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of resource allocation but the knowledge to run equipment is a crucial factor. The 

interviews resulted in that the companies that had the tasks planning and mandate 

to reallocate resources in the same time experienced a higher ability to be proactive. 
 

Considering the support of proactivity the survey shows that mandate to allocate 

resources both mechanical and human has to be in the operator team. It does not 

matter if the mandate was at an operator level or at work leader level, the 

importance is that the mandate is within the group. The mandate should be known 

by the group members and clearly defined. The survey also shows that mandate for 

short time planning affects the proactivity.  

The result is that proactivity must be considered from two perspectives; the 

technical conditions for a proactive behaviour and the perceived ability to be 

proactive.  
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6 Discussion 
 

An ideal out-come of this research would be a systems engineering methodology 

that allows decision makers to explicitly evaluate the contribution of proactivity in 

an assembly system. But it’s not the person, nor the machine that is capable of 

proactivity, but rather the fully integrated system of human and technical resources. 

Proactive system behaviour may not be described in terms of classic hierarchical 

manufacturing system models. Harlin et. Al., (2007) highlights that the most 

important facilitators for realization of planned changes in production were related 

to organizational and human aspects, and to a lower degree technology aspects. A 

modern assembly system must be independent operationally and managerially to 

support an agile transformation of the resources. Given this independency, tasks can 

be reallocated proactively. The LoA concept gives the system a wider range of 

possible solutions but the range can be delimited by the level of competence of the 

operator group when it comes to difficult tasks like disturbance handling and 

reconfiguration. 
 

It’s also stated that in a complex technical system, e.g. a proactive assembly system, 

decision-making will be performed in a dynamic context, i.e. a sequence of decisions 

will be dependent on each other and they will be made in a real time setting. This 

increases the knowledge/information demands. Human operators with a high level 

of understanding of the whole system will manage this but support of a 

comprehensive information system will be crucial. 
 

The system needs competent operators with ability and mandate to make decisions 

concerning short term planning, resource allocation and actions in disturbance 

handling. A proactive assembly system requires a team of operators that are able to 

exercise their own judgment, “think by themselves”, proceed on their own 

initiatives, and anticipate future problems, in order to avoid exceptional production-

or work situations. The tasks performed by the proactive assembly system are e.g. 

performing assembly tasks, short-term planning, real-time resource allocation and 

actions in disturbance handling. Planning, programming, monitoring, performing, 

intervening, and learning should structure the assembly system tasks. For the 

proactive assembly system to achieve and maintain an acceptable level of 

performance, the interaction between human and machine demands that the 

collaboration of systems must correspond to a set of tasks that the operators and/or 

machine are able to perform at any time. These include the demand to perform the 

operations included in the process, and to response within the constraints provided 
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by time and system operating requirements. To achieve this correspondence, the 

design must be based on a thorough analysis of the tasks included in the operations, 

meaning the tasks that are supposed to be carried out in the process. In production 

systems that come closer to autonomy and self-organization, such as Evolvable 

Production Systems, EPS, the planning and scheduling support platforms will be 

radically different (Akillioglu, 2011). 
 

In (Fasth, 2009) the analysis of the results was made from the question if the level of 

automation has to be changeable and the conclusion stated that the DYNAMO 

methodology is very useful to achieve a clear understanding of the system as a base 

for decision making.  

The case studies gave useful results and imply that variable levels of automation 

have an impact on the conditions for the proactive behaviour. The results were used 

to determine if variation of LoA could contribute to a higher level of proactive 

behaviour in the system.EPS is the only methodology that allows one to redesign the 

product or the production system based on concrete analysis of the task complexity, 

module costs, and deployment speed. In EPS automation is almost always the 

ultimate goal (even quality, higher productivity. LoA is static (a snapshot), whilst EPS 

focuses on change. 
 

The introduction of this thesis presented the hypothesis that in proactive assembly 

systems, the full and complementary potential of human operators and technical 

systems is utilized. This defined the need for assembly systems with proactive 

abilities. It is suggested that the proactivity of an assembly system is strongly 

influenced by three parameters: the system’s ability to change: 

 

1) level of automation, 

2) level of information, and 

3) level competence (among the operators in defined work area). 

 

The ability to vary LoA has to be met with the correct knowledge and the mandate 

to change the allocation of tasks. Yamamoto (2008) stated that you have to “do 

more with less”.  

Our assumption is that proactivity is highly influenced by respective levels of 

automation, information and competence in the assembly system.  
 

The case studies resulted in that ability to adjust the level of automation is a 

powerful enabler for proactive behaviour. The levels of physical and cognitive 

automation in such systems are decisive factors. When the level of automation (LoA) 

is measured on a detailed level, also task-related requirements on competence and 
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information become clear. The case studies indicate that change of LoA, information 

content, and competence level is a way to increase system performance, especially 

with regards to system lead-time, cycle time, and down-time. 

Proactivity enables human advantages with respect to automation as well as 

automation’s advantages related to human abilities.  

 

The project related above has aimed at describing proactivity in assembly system. 

Intervening has been pointed out as an important role for the operator. Dencker et 

Al. (2009) presented an assessment model based on Endsley’s concept of situation 

awareness.  

The scenarios are analyzed from the point of view of perception, comprehension, 

projection, intervention and cause. Only at the final scenario “Operators/system 

notice the signals, are able to interpret and has the tools to act correctly” the 

operator has the correct competence and the correct information for acting in a 

proactive way, hopefully leading to efficiency in the system. 
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7 Conclusions and future research 
 

R.Q. 1: What is proactivity in an assembly system? 

 

Proactivity is not easy to describe in this thesis has taken a step in that direction. A 

general definition of proactivity is “taking action by causing change towards a state 

and not only reacting to change when it happens”. Another way to phrase this is "to 

be anticipatory and taking charge of situations 

Proactivity” can be described as the ability of preparation for: 

- Changes and disturbance during operation 

- Planed long-term evolution for a sustainable and perfect production system 

 

Such a system consists of technical components efficiently integrated with human 

operators and has the ability to handle frequent changes. Proactivity in an assembly 

system is dependent on following factors: 

− Continuous change 

− Mandate to allocate resources 

− Mandate to do short term planning 

 

R.Q. 2:. What prerequisites within the technical resources has to be fulfilled to 

enable proactivity? 

The thesis presents a a first model for evaluation of different technical resources 

that contributes to an overall proactive system behaviour. The model has been 

published but not yet tested.  

 
Future research 
 

An ideal out-come of this research would be a systems engineering methodology 

that allows decision makers to explicitly trade between utility, cost, and proactivity 

in system architecture design. This includes throughput time and cycle times for 

individual assembly processes. Also, the proactivity should contribute to reduction 

of resetting time between batches, time to repair, time for disturbance handling, 

and time to prepare for new variants or products in the assembly system. The 

challenge is that proactivity must be considered from two perspectives; the 

technical conditions for a proactive behaviour and the perceived ability to be 

proactive.  
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This model can be coupled to the Evolvable Production System, EPS, approach, in 

which tasks (skills) are well structured and categorized. The IDEAS (FP7) project 

offers software tools by which one may input these tasks. What EPS is missing is the 

human as a set resource. 

 

Suggestion of future research question is: 

Is EPS technical  and system solutions the enabler for a proactive solution? 
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