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ABSTRACT 
Networking machinery enables companies to easily retrieve information from modern production 

systems. Still, a lot of information remains unused. This results in performance gaps, since not all 

relevant information is taken into consideration when making decisions in the context of operational 

management. Users regard information as valuable as soon as it supports the achievement of a pro-

duction objective. Therefore, the linkage between the origin of information and the user becomes 

important. Integrating information in a comprehensive and effective way contributes to a perfor-

mance improvement of a production system. 

At the same time as more information is available, performance measures, which are a tool to im-

prove performance when applied correctly, have received a lot of attention in research.  However, 

the applicability of performance measures based on shop floor data remains a challenging task.  

Due to that, this thesis intends to close performance gaps by the means of performance measures 

which are based on shop floor data. 

In the beginning of this work, the sources of information as well as users and their objectives are 

identified. Additionally, existing performance measures and frameworks are reviewed. A four-stage 

based approach for the introduction of a measurement framework focussing on the utilization of 

shop floor data is developed. This approach is accompanied by a tool, which facilitates the devel-

opment process of performance measures and establishes a link between users and the sources of 

information. In the last part of this thesis, the approach and tool are tested in an industrial environ-

ment. 
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 INTRODUCTION 

This chapter serves as the introduction to this masters thesis. The LISA (line information systems 

architecture) project and the partners behind this project are briefly described. This is followed by 

the motivation to write the thesis. From this motivation the problem, aim and research questions 

are derived. The research approach and the structure of this thesis are presented subsequently.  In 

a last step, limitations relating to the presented work are discussed.  

 

  THE LISA PROJECT 

The invention of the weaving loom in 1784 is nowadays perceived as the beginning of the first 

industrial revolution. Since then other technological advancements, such as the steam engine, the 

introduction of the assembly line or the introduction of computers into production systems have 

contributed to the constant improvement of these systems. The emergence of the Internet in pro-

duction and the interconnection of once separated production systems is nowadays described as the 

fourth industrial revolution [1].               

This latest evolution of manufacturing equipment has enabled organizations to collect and store 

enormous amounts of data [2]. The automotive industry, which has a leading role in the manufac-

turing industry, is not exempt from this trend either. Future production systems need to improve the 

integration and the usage of this data, which is perceived as an unexploited resource today. By 

integrating and utilizing it, production will be able to adopt to the challenges of tomorrow - i.e. 

increased demand for resource efficient, environmental friendly and sustainable production, as well 

as high flexibility and quality.   

Within the research project “Line information systems architecture - LISA” the Royal Institute of 

Technology, the Chalmers University of Technology and the Lund University work together with 

partners from the automotive and automation industry (see Figure 1). The overall goal is to achieve 

improved production systems for discrete part manufacturing by investigating line information sys-

tems and how to improve the usage of information available within these systems.   
 

Research organizations  Industrial partners  

Royal Institute of Technology  
 

Scania AB 
 

Chalmers University of Technology 
 

Volvo Car Corporation AB 
 

Lund University  

 

Rockwell Automation Inc.  

  Siemens AG  

Figure 1: Partners of the LISA project 
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  PROBLEM DEFINITION AND OBJECTIVE OF THE THESIS 

Kurt Schlesinger, a professor of engineering said at the beginning of the last century: "The profit of 

a company is determined at the cutting edge of the turning tool" [3]. The same applies even today 

and implies the strong connection between production and the success of a company. Two aspects 

have a significant influence on this, i.e. the production system and the management, which governs 

this system. 

The task of strategic management is to set the goals and the strategy by which the organization, 

including the production system, shall achieve these goals. This strategy has to be translated into 

action at all levels of an organization. On the shop floor, where manufacturing operations are exe-

cuted [4], decisions are made that affect the performance of the manufacturing system. Manufac-

turing operation management (MOM) and its decisions, have to be on the one hand in line with the 

overall strategy, whilst on the other hand they should enable the performance optimization of the 

manufacturing system in accordance with the production methodology.  

In order to evaluate and estimate the current situation and base decisions on reliable and useful 

information, the acquisition of data from the manufacturing system is necessary and needs to be 

executed. For this purpose LISA is needed. 

 

Research shows that 85 % of all data and information gathered in the manufacturing industry are 

still unstructured [5]. Evidence of the need to structure and represent data in a more comprehensive 

way can be found by Marsh [6] who states “less than 50 percent of the companies claim to be very 

confident in the quality of their data”. As a consequence of this , there is a lack of trust in the data 

and information presented to the users [6]. This has negative implications on all organizational 

levels, namely: 

 First, data is neglected when making decisions or not taken into consideration simply be-

cause it is not available to the user [7].  

 Second, data is misinterpreted as it is represented in a wrong effect relationship. Both con-

sequences can lead to wrong decisions causing increased operational costs and reducing the 

ability to execute the company’s strategy [2].  

 

This parallels with Redman who assumes that poor quality of data represents a significant cost 

factor for companies and that approximately 8-12% of companies’ annual revenue is lost due to this 

[7]. Accordingly, information and data generated at the lower levels of a production system can be 

used to improve the operations management and therefore the performance of production systems 

[8].   

 

Problem: A significant amount of data and information is not taken into account in operations 

management for discrete part manufacturing resulting in performance gaps.  
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The aim of this thesis is to develop a feasible solution regarding the use information and data avail-

able in production systems on different organizational levels. Therefore this thesis intends to clarify 

the following research questions:  

 

 RQ 1: Who are the users of information, derived from shop floor data in the production system 

and what targets are they pursuing? 

 

 RQ 2: How to use performance measures in order to enhance the performance of manufacturing 

operations management? 

 

 RQ 3: How can the required measures be identified, developed and introduced in a discrete 

part-manufacturing environment? 

 

  METHODOLOGY 

This thesis follows a qualitative research approach. Existing literature is reviewed in the first step 

to enable the reader as well as the researcher to better understand the topic and the research objec-

tive. This approach also allows the identification of potential gaps. Based on these identified gaps, 

it is possible to draw conclusions and develop new ideas and theories to close the gaps. The newly 

developed theory needs to be confirmed through a practical application. The outcome of the exper-

iment usually concludes in an appropriate answer to the question asked and/or new questions to be 

answered.      

 

  OUTLINE OF THE THESIS 

This thesis consists of 6 chapters (see  

Figure 2). The first chapter describes the problem of data utilization in modern production systems. 

This unexploited resource is the starting point from which the research questions are derived. To 

narrow down the scope of this work, limitations are made regarding previous work that has been 

performed in the context of the LISA research project.  

In the second chapter, existing literature and the theoretical background are reviewed with a focus 

on two issues:  

1) The production system: The system itself and the actors within the system are described.  

2) Performance measures and their role in a production system is in the scope of interest.  

 

The second chapter concludes with a discussion about the results acquired so far. The results of the 

two sections of chapter two are combined in chapter three to develop an approach for the design of 

a performance measurement framework at different hierarchical levels. This approach focuses not 

only on the framework itself, but also considers the machining data available in modern production 

systems and how to integrate this information. A practical example of this approach is given in the 

fourth chapter and serves as the basis for the subsequent discussion of the results achieved in chapter 
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five. The thesis concludes with an outlook on potential future work on performance measurement 

in production systems.    

 

 

 

Figure 2: Outline of the thesis 

 

  DELIMITATIONS 

This thesis was written as part of the LISA research project. The project, which is carried out in 

collaboration with the automotive industry focuses on machining data generated during discrete 

part manufacturing.  

The thesis will examine the data and information gathered from the production system and how to 

make the most effective use of it. Complex decision support systems, such as a fuzzy logic, shall 

not be taken into consideration as these systems require specific data. The data obtained through 

LISA will be of various types and different forms according to their source.  

 

Parameters that not going to be changed are the company’s current production system and its archi-

tecture. Also, the corporate strategy shall be taken as a given parameter for the approach to be 

developed. This work focuses on the selection and development of suitable measures, therefore the 

development of any reporting or control system regarding actors and users is out of the scope. All 

metrics presented in the context of this thesis shall be taken as recommendation for future work, 

not as a binding measure, this means that a physical implementation of the measures is not intended 

at this point.   
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 THEORETICAL BACKGROUND  

This chapter consists of two major parts. In the first part, the production system and its associated 

activities and tasks are reviewed. In the second part, performance measurement as a means of con-

trol in a production system is examined. The chapter concludes with a discussion.    

 

  CONTROL AND OBJECTIVES OF PRODUCTION 

In the following section a description of the production system and its structures is given to present 

the boundaries within which MOM is valid. MOM and its activities are subsequently presented in 

detail. The performance objectives of a production system are depicted and strategies that try to 

achieve these goals presented. The section concludes with a description of how objectives are turned 

into practical measures at Volvo Cars.  

 

 THE PRODUCTION SYSTEM 

The terms production and manufacturing are frequently used in the context of production engineer-

ing, although the difference between them is not always clear. This section shall give an overview 

of the production system and how its components are structured and related. According to ISO 

22400-1 the term production refers to the physical transformation process of inputs into outputs  [9]. 

The term manufacturing includes additional activities besides the production, such as maintenance, 

inventory and quality issues. Therefore, the term production is subordinated to the term manufac-

turing [10].    

A production system is made up of several systems (see Figure 3). One of these systems is the 

executing system. It can be further divided into a human system and a technical system. Both par-

ticipate in the transformation process in order to achieve a certain production goal [11].  

The management and goal system, as well as the information system represent other subsystems of 

the production system. These subsystems link the production system to its active, i.e. the closer 

environment. This system is the pivotal point when discussing MOM and how to improve it, since 

it is the interconnection between decision making and the information and resources available. The 

active environment can have an active influence on the system, whereas this is not the case for the 

so-called passive or remote environment. The passive environment is said to have almost no effect 

on the production system [12].  

Many forms of production systems and methodologies have evolved over time. Each of them adapts 

to a certain production goal, strategy or type of output to be produced. The production system de-

scribes the environment in which production takes place.  
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Figure 3: Simplified model of the production system, modified [12] 

 

The methodology of a production system depends on the volume and complexity of the products to 

be produced by this system.  

Seliger et al. classify the methodologies of a production system as being functional, structural or 

hierarchical [13]. Taking a functional perspective the system is perceived as a black box. This box 

converts inputs into outputs. From a structural viewpoint, relations define the context between the 

various elements. These elements form the production system. 

The hierarchical perspective refers to the individual systems in the context of super- and subsystems 

[10]. 

 

Another way to classify production systems is to consider the physical structure of the manufactur-

ing equipment and how this has a strong influence on the production path. The structure can either 

be described as a single-path, where the product is produced according to a predefined sequence 

that cannot be changed. A multiple-path structure is chosen when a combination of several single-

path subsystems is combined. A network-structure is used when products with a high degree of 

variation have to be produced (see Figure 4). Here, the production path of the individual product 

can be highly flexible and routing is done either at the starting point of production or even while 

the product is being produced. Starting and end point do not have to be the same for every product 

[9]. One has to understand that the structure chosen has a strong influence on the data available. 

The more complex a production path is, the more information is needed to optimally run the pro-

duction system.   
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Figure 4: Network structure [14] 

 

 STRUCTURES AND ACTORS IN A PRODUCTION SYSTEM 

Just as the whole is more than the sum of its parts, a manufacturing system is highly dependent on 

its organizational structure, i.e. how people and machines interact and exchange information to 

achieve a certain production objective. As every company has a unique organization, a generic 

model of all actors and resources is difficult to define. 

Nevertheless, it is necessary for every organization to have a clear structure and hierarchy.  An un-

derstanding of structures within the production system will be of importance in this thesis for two 

reasons. Firstly it helps to identify the relationship between equipment and personnel. Secondly, 

understanding the structures of a system is an important step to control the system (this topic shall 

be discussed in chapter 2.2.2). Slack names three approaches to group organizations [15], i.e. ac-

cording to  

 their functional purpose (e.g. purchase, sales, production), 

 the characteristics of the system (e.g. be similar or equal technologies), 

 markets the systems shall serve.  

 

A more holistic description of an organization is given by the Purdue Enterprise Reference Archi-

tecture (PERA) (see Figure 5). It describes the physical, organizational and functional structures of 

a company and is used in many industries today [16]. The structures suggested by PERA are the 

basis for most other information systems.  
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On the lowest level different machines are grouped together. These machine groups can form dif-

ferent production lines, which again make up a production area. A site, which is made up of several 

production areas, can be assigned to an enterprise. The ISO 22400-1 standard describes a similar 

hierarchical structure of the production equipment [14]. Depending on whether the form of produc-

tion is batch, continuous, repetitive or discrete production, there are process cells, work or produc-

tion units, as well as production lines and storage zones assigned to these different forms (see Figure 

6). They form the so-called work centres, which again consist of individual work units. All work 

centres are related to a production area, which is again assigned to a site that belongs to an enterprise 

[9]. Both figures show, that at higher organizational levels, a generic description of the organization 

seems possible, whereas at lower levels, the different representations suggest that this is difficult to 

achieve.   

 

Figure 6: Physical hierarchy as suggested by ISO 22400 [14] 

Figure 5: The PERA structure [16] 
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Tangen describes the need to consider different hierarchical levels within a production system, as 

there are different users involved in the MOM at various levels [17]. At the strategic level, decisions 

are made that affect the long term planning of an organization, whereas at the tactical level the time 

period that has to be taken into consideration varies between several months and a year. Finally, at 

the operational level, the time horizon ranges between hours, days or even months [17].  

Three main types of actors can be identified in a production system: Line operators, quality engi-

neers and team leaders [18]. While the first two can be assigned to the management level and the 

second to the shop floor level, the third actor seems to have an intermediary function.  

This classification is supported by Gebus:   

 Line operators are the main human providers of information for the production system as 

they report unplanned stoppages and take corrective action if necessary [18].  

 The team leaders have a dual function and can be depicted as those actors, who embody a 

target/actual comparison function. They have a higher knowledge of the whole production 

process, enabling them to supervise the line operators and their work. Additionally they 

provide information about the process to quality engineers [18].  

 Quality engineers are depicted as the main users of information in a production system [18]. 

They need information to establish causes of recurring problems and to create comparative 

analysis [18]. Quality engineers in this context can be characterized as the first staff mem-

bers who have a management function.  

 

 MANUFACTURING OPERATIONS MANAGEMENT 

In every organization, resources and involved actors have to be managed and coordinated in such a 

way that products and services are generated and delivered to customers. The management of re-

sources within the production system is the task of the operations management. The specific per-

formance objectives that a production system should be geared towards will be discussed in chapter 

2.1.6. 

 

Operations management is defined as “[…] the activity of managing the resources , which produce 

and deliver products and services” [15]. In the ISA95 standard (International Society of Automa-

tion), this definition is narrowed down further to the field of manufacturing systems. In this defini-

tion, MOM coordinates resources in order to produce parts and products [4]. The resources can be 

personnel, equipment, material and energy, but also all information that is associated to the manu-

facturing environment [4].  

Furthermore, MOM is made up of four different main categories of operations. These four catego-

ries are the production operations management, maintenance operations management, quality oper-

ations management, and the inventory operations management (see Figure 7). These categories are 

the pillar on which MOM is based on. Other categories of operations can be assigned to them.   
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Figure 7: Manufacturing operations management model, modified [4] 

 

The task of the production operations management is to ensure the flow of production by scheduling 

jobs, orders, batches, lots or other types of work orders. Once scheduled, different resources have 

to be assigned to a specific job and the status of the work progress has to be monitored. Besides 

these activities, production operations management includes the specification of buffer limits, op-

timization of scheduling and pacing of the production system [14].   

The maintenance operations management is responsible for all activities connected to maintenance, 

e.g. monitoring of the technical system and ensuring its availability. In order to do this, maintenance 

schedules have to be created and controlled. Maintenance operations management can be used to 

conduct preventive measures, as well as to access the history of the production system [14].  

The quality operations management controls the activities of quality assurance. This means that 

quality measurements are executed, deviations identified and - if necessary - repair, recalibration 

or reconfiguration is performed. The additional tasks of the quality operations management are the 

recommendation of corrective action plans and the determination of errors by statistical analysis 

[14]. 

Inventory operations management is responsible for inventory control [4]. It has to track transpor-

tation, storing and retrieval of materials and all forms of energy. Once semi-finished or finished 

products and goods are available in the production system, these products have to be transported to 

the subsequent station or to the next internal or external customer [14]. 

 

All of these activities are used to describe the tasks related to production and have to be executed 

in accordance with the strategy and specific goals defined by the strategy. It should be noted that 

other categories can be added to MOM according to ISA95, but they are not primarily related to 

manufacturing [4]. MOM can be seen as the intermediary between separated functional areas such 
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as research and development (R&D), the sales and purchase department and the controlling depart-

ment.  

ISA95 also describes a functional hierarchy according to which all activities can be assigned to four 

different levels, which differ in their time scale and the data related to this level (see Figure 8) [4]. 

Hereby, level four is depicted as business planning and logistic activities, which have a longer time 

horizon. These tasks refer to highly aggregated information. Level three, where MOM is situated, 

can last between seconds and even several days. Operations, such as scheduling need various types 

of data, which is why MOM is an intermediary between level four and the lower levels of ISA. 

Level one and two activities, which sense and monitor the production process, have a time scale of 

hours to sub seconds, based on real time machining data [4]. 

 

Figure 8: Multi-level functional hierarchy of activities [4] 

 

 STRATEGY DEPLOYMENT 

The company’s mission statement and the associated strategy describe the objectives an organiza-

tion aims to achieve over a long term operational window [19]. For any company this means to 

remain profitable. Strategy can be perceived as a guideline for the organizational behaviour and has 

a strong impact on the decision making process [15]. 

As the manufacturing of products requires different processes to be carried out at different levels, 

strategies exist at every organizational level [10]. It is important to emphasize that time is required 

to convert newly implemented strategies into measurable results and that decisions on all organiza-

tional levels must support these strategies [20]. Corporate strategy deals with the competitive ad-

vantage, how this advantage shall be achieved and the product market mix that should be chosen to 

do this [21]. The corporate strategy is further subdivided into the business strategy that focuses on 

short-term goals. Functional or operational strategies act on the lowest level of the organization and 

deal with the functional areas, e.g. market strategy, R&D strategy and manufacturing strategy [21].  
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Figure 9: The four perspectives on operations strategy, modified [15] 

 

Four views on the operations strategy can be identified, this strategy is comparable to the functional 

strategy (according to Slack), i.e. the top-down and the bottom-up perspective, the operations re-

sources perspective, as well as the market requirements perspective (see  

Figure 9) [15]. Depending on which perspectives are taken, different objectives can be prioritized. 

The market requirements perspective is of importance to MOM, as it ensures that operations focus 

on customer demands, e.g. low cost or a high quality of production. The operations resource per-

spective, which is based on the resource based view (RBV) of a company, influences strategy by 

allocating resources in such a way that a comparative advantage can be achieved. The RBV of a 

firm can help to identify the capabilities a company needs to acquire before entering a specific 

market [15]. The bottom-up perspective can be used to develop new business ideas. It refers to the 

concept of emergent strategies, where the strategy is developed over time from an initially unstruc-

tured common understanding of objectives. The top-down perspective is arguably more important 

for large corporations. Applying this view, operations strategy is subordinated to the corporate strat-

egy [15]. In the context of discrete part manufacturing, every manufacturing company should pay 

attention how it formulates and develops its strategy as the production system ties up to 60 - 70% 

of the company’s total investments [22]. Due to this large share of capital investments, the produc-

tion system has to contribute to the competitiveness of a company [23]. Bellgran & Säfsten divide 

the manufacturing strategy into content and process [11]. The process contains all activities con-

nected to the formulation and implementation of the manufacturing strategy, whereas the content 

of the strategy is composed of performance objectives (for more on competitive factors see 2.1.6.) 

and decision categories.   

 

 DECISION CATEGORIES AS PART OF THE MANUFACTURING STRATEGY 

The decision categories are part of the manufacturing strategy and outline the areas in which deci-

sions have to be made to implement a specific production strategy. Based on Skinner’s original 
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decision categories, several authors have discussed possible combinations of categories and amend-

ments of these (see Table 1) [10] [20] [21] [23].The categories can be divided into infrastructural 

and structural categories.  

Structural decision categories have far-reaching consequences on the physical structure of the pro-

duction system as major investments are needed to accomplish these changes, thus the information 

available is little [10]. As a result they can be viewed as strategic in nature. 

Conversely, infrastructural decision categories are described as being operational. A single infra-

structural decision affects a short time horizon. But as the main ideas of lean production (e.g. just-

in-time) require a lot of such decisions to be made at high frequency, they can have a huge impact 

on the overall performance [10]. Some researchers on the other hand claim that changes in infra-

structural decision categories are even more difficult to accomplish. Structural changes require ma-

jor financial investments and can be controlled centrally, whereas infrastructural decisions demand 

organizational adjustments and are said to be changed only with great difficulty [24].     

 

Table 1: Decision categories and example of questions that need to be answered [10] 

 

Decision category Questions to answer 

Production process Process type, layout, technical level 

Capacity Amount, acquisition point 

Facility Localization, focus 

Vertical integration Direction, degree, relation 

Quality Definition, role, responsibility, control 

Organization and human resources Structure, responsibility, competence 

Production planning and control Choice of system, capacity in stock  

 

 

 CORPORATE GOALS AND PRODUCTION OBJECTIVES 

Having identified the different fields in which decisions have to be made, the subsequent section 

shall investigate what goals these decisions are aiming at. Firstly, the highest ranked goals are de-

scribed: Based on these, further goals for subordinate levels are presented.  

  

Profitability  

When listening to chief executive officers (CEO) - not only in the automotive industry - an increase 

in competitiveness and profitability appear to be the ultimate goals that companies aim to achieve 

in the long run [25]. Others claim that only high productivity and performance enable a company 

to successfully face competition. A clarification of these terms and their interconnection in the 

context of a production environment seems necessary: 
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On the senior management level, two terms are mentioned in the context of describing a company’s 

success - productivity and profitability. The difference between them is sometimes ignored, as both 

are perceived as one and the same. This is not the case, even though they are interdependent [26]. 

Profitability is one of the main goals that every company needs to achieve in the long run to remain 

competitive in the market. It is calculated as the ratio between revenue and costs. But profitability 

is an indicator that is also dependent on external influences and therefore it is not fully under the 

scope of the company’s control [17]. It serves the company stakeholders as a measure to verify the 

past progress of their investments [27].  

Tangen points out that there is a correlation between productivity and profitability (see Figure 10) 

[17]. This relationship is based on the costs that a company has to spend on inputs and the revenue 

it receives from selling its produced outputs. In the short-run profitability and productivity can have 

diverging directions, but in the long run both tend to develop parallel. This is one reason why com-

panies should always focus on the issues of profitability and productivity [17].  

 

Figure 10: Profitability and its relation to productivity [28] 

 

Productivity 

Chew states that decision makers in production do not always fully cope with the concept of produc-

tivity [29]. One reason for this is that they often do not properly define and capture the meaning of 

this term. Often, no differentiation between mathematical and verbal explanations of productivity 

is made [30]. While the verbal definitions are helpful to describe what objectives an organization is 

trying to achieve, the mathematical definitions are a measure that can be used for the improvement 

of productivity itself [17]. From the industrial engineering point of view, productivity describes the 

relation of output to input and is closely related to value creation (see Figure 11). A production 

system is productive if the deployed resources and activities add value to the created products [17]. 

“A company’s productivity is reduced if its resources are not properly used or if there is a lack of 

them” [17] .  

Upstream 
system 

Downstream 
system 
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Figure 11: Productivity as one goal of a production system [17] 

 

If the aim of any production engineer is to improve the productivity of the production system,  since 

this contributes to the overall profitability, then this can be achieved by focusing on five general 

relationships [31]: 

 Output increases proportionally faster than input (managed growth). 

 More output from the same input (working smarter). 

 More output with reduction in input (the ideal). 

 Same output with less input (greater efficiency). 

 Output decreases proportionally slower than inputs (managed decline).  

 

Obviously these relationships only represent a very abstract approach to improve productivity. 

When looking at the transformation process that takes place in a production system, various types 

of inputs can be transformed into several different types and forms of outputs. In literature this 

problem is being referred to as the commensurability problem [32]. It can be circumvented by ag-

gregating and weighting inputs and outputs using various types of productivity measures . Such 

measures can be partial productivity, defined as the output related to only one type of input, or total 

productivity defined as output related to multiple types of input [33] [34] [35]. The discussion in 

literature of how to measure productivity has been going on ever since production systems exist. A 

more differentiated approach to the problem of how to measure a process that has hardly any com-

mon nominator is given by Gerwin who recommends that productivity should be seen from different 

viewpoints, e.g. from an operational to a strategic view [36] [37].  

Further discussion on productivity measurement is provided in chapter 2.2. 

 

Effectiveness and efficiency 

On the shop floor level, the focus of decision makers is to use the equipment and capital as efficient 

as possible, i.e. use as few inputs as possible to generate the desired output and maximize it. This 

behaviour expresses the desire to maximize productivity [17]. Sink and Tuttle describe efficiency 

as “doing things right” [38]. This indicates that the things to be done right, e.g. the process to be 

executed, are already given. It has to be mentioned that a process can be executed in the most 

efficient way; nevertheless the production systems can still be not productive as it is not effective.  

Upstream 

system 

Downstream 

system 
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Effectiveness focuses on the output of a process [17]. In this context effectiveness can be used as 

an indicator for the potential productivity improvement, i.e. “doing the right things” [38]. Thus, no 

theoretical limitation of how effective a system can become is given. 

To summarize, high productivity can only be achieved if an effective process is carried out effi-

ciently, i.e. to achieve high productivity, the right processes have to be chosen in advance. On the 

shop floor level these processes have to be executed as efficient as possible.  

 

Performance objectives of a production system 

Productivity and profitability are essential issues, which every organization has to fulfil in the long 

run. Nevertheless, they are quite general objectives and related to strategic objectives rather than 

serving for operational decision making [15]. Today’s literature offers a lot of performance objec-

tives that can be used to implement strategy on the shop floor level (see Table 2).  

 

Table 2: Approaches to group performance objectives 

 

Author  Performance objectives 

Ahmad & Benson 

´99 
quality delivery reliability  cost delivery lead time  

Corbett ´98 quality inventory flexibility  delivery   

Jose et all ´99 
safety & envi-

ronment 
flexibility innovation performance  quality dependability 

Hon cost quality productivity time flexibility   

Hudson quality time flexibility  finance customer satisfaction human resources 

Lohmann resources output flexibility        

Rakar safety  efficiency quality 
production 

plan tracking 
employees' issues   

Slack costs speed  dependability quality  flexibility  

KAP -Project  costs quality reliability  time  flexibility  energy efficiency  

 

Slack is one of the most cited authors in the context of operations management. In the following, 

the five suggested performance objectives, i.e. quality, speed, dependability, flexibility and costs 

will be described in detail [15]. The chosen representation reflects the internal as well as external 

effects, the accomplishment of these objectives can have (see Figure 12).  

 

Quality: According to the ISO 9000, quality is the conformance of a product with the requirements 

towards the associated product. Inside the production process quality has two implications, e.g. it 

can contribute to a cost reduction as less time and resources are spent on correcting errors. Addi-

tionally quality conformance improves dependability with subsequent processes (for more infor-

mation see dependability) [15]. 

 

Speed: The shorter the duration between product order and product delivery, the higher is the over-

all speed of a process. Processes executed at high speed can reduce the inventory level as waiting 
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time between operations can be reduced. Thus, higher speed means a reduced throughput time. As 

a consequence of this, demand risks are reduced as the projection period can be shortened [15].  

 

Dependability: Inside the production process certain dependabilities exists between the various 

operations as they rely on the outputs of upstream processes. Slack states that the higher the de-

pendability, the more effective the process as a whole is likely to be, e.g. if there is dependability, 

there is the need within an organization to establish a certain level of trust and reliability [15]. If 

this happens, the different operations will focus on improving their own area. This can save time 

and money, as the overall process will run more smoothly [15].  

 

Flexibility: As customers’ requirements change, the production process has to adapt to this change 

accordingly. Slack names four mayor changes that a production system should be able to adapt to 

[15]: 

 Product flexibility: The ability to introduce modified and new product versions. 

 Mix flexibility: The ability to produce a mix of certain products. 

 Volume flexibility: The ability to produce different quantities of a product. 

 Delivery flexibility: The ability to change the time when a product has to be ready for de-

livery.  

 

A production system that is flexible can use resources more efficient as capacities can be used where 

and when they are needed. Thus the system is more dependable, e.g. internal customers can be 

served in the case of fluctuations [15].   

  

Costs: The cost objective is the common denominator of all performance objectives, as all of them 

can be translated into a cost objective. In the automotive industry, where quality seems to be one of 

the most important performance objectives (for more on trade-offs between performance objectives 

see below), keeping costs low is a vital interest. Every financial unit saved in operations can be 

added to the organization’s profit [15]. 
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Figure 12: Polar presentation of performance objectives [15] 

 

 EXCURSUS - PRODUCTION OBJECTIVES AT VOLVO CARS 

Within the LISA project, a case study at Volvo Car Corporation AB (Volvo Cars, in Torslanda, 

Sweden) has been conducted by the Lund University. The case study has been surveyed in this part 

of the thesis to present production objectives and principles at Volvo Cars.  

Currently one of the main long-term goals of the company is to improve its profitability through a 

higher efficiency in its production [39]. In this context the Volvo Cars Manufacturing System 

(VCMS) can be seen as the company’s interpretation of the Toyota production system (TPS). TPS 

is based on the idea of lean manufacturing, i.e. the elimination of waste, short production times, 

continuous improvement and just-in-time production. Within the VCMS, sixteen types of losses 

have been identified, which the company continuously tries to reduce (see Appendix I) [40]. They 

are complemented by five principles that are valid at all organizational and hierarchical levels [40]:  

 Engaged teamwork: Volvo Cars aims towards an organization, which is continuously 

evolving and learning. This includes short and open communications channels, as well as 

goal-based methods.    

 Stability through standardization: The so-called 5S-model is important for this principle. 

It tries to avoid any form of irrelevant process. The five S represent Sort, Systemize, Clean, 

Standardize and Implement.     

 “Right for me”: The purpose behind this principle is that each team should pay particular 

attention to its own area and to stop production if desired quality is endangered.  
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 Demand driven flow: Keeping the level of production according to the level of demand 

requires flexibility. A pull based production system is important to achieve this goal. This 

allows short lead time and low stock levels.   

 Future improvements: This principle is needed to sustain competitive in the long run. 

Volvo Cars tries to predict its future situation through value stream mapping and a 7+1 loss 

model. The seven losses are depicted as waiting, transportation, over processing, excess 

inventory, unnecessary movement, defect, overproduction and unused employee creativity.  

 

These principles serve as a strategic long-term goal. While the first principle aims at dependability 

and quality, the second principle tries to focus on quality, speed and dependability. Principle three 

focuses on quality and dependability, while principle four deals with speed. The fifth principle 

finally describes a general improvement of all performance objectives. This corresponds with 

Volvo’s production system, where flexibility (perceived as the ability to introduce new products at 

high frequency) is a less needed ability, compared to quality and speed. In order to translate these 

principles into action, the sixteen losses are measured by the means of performance indicators. 

 The Lund report unveiled that the losses are divided into three different groups, i.e. overall equip-

ment effectiveness, overall work efficiency and effective use of production resources  [40]. 
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  PERFORMANCE MEASUREMENT 

This section defines the important terms related to performance measurement. The performance 

measurement system (PMS) as a means of strategic control is presented.   

 

 PERFORMANCE MEASURES 

The idea to measure the state and performance of a production system is as old as production sys-

tems themselves are. The PMSs that exist today have evolved over time. In the post war period of 

the 1960s, measures focused on costs and spent labour hours. These measures, which are also called 

metrics, were extended in the 1980s by total productivity and quality measures [41]. Today perfor-

mance measures can be used for various purposes, depending on the perspective on the measure 

(see  

Figure 13). 

Metrics act as a tool to measure motivation and compensation requirements (e.g. the human per-

spective of a production system) [42]. Additionally, they can be used to look back in time and 

predict possible futures states of a system [42]. From an organizational point of view, measures can 

link the senior management of an organization to its operational units (e.g. product based view, 

production based view), since general instructions can be delegated down to the shop floor level, 

from where feedback in terms of information is send upwards to the management [42].  

 

 

 

Figure 13: Seven purposes of a performance measures, modified [42] 

 

The activity of performance measurement is defined as assessing the effectiveness and efficiency 

of an action [43]. Thus, a performance measure is a metric, which can be used to evaluate the 

effectiveness and/or the efficiency of an action [43]. A PMS is the set of all metrics, which can be 

used to assess the performance of actions, i.e. both the effectiveness and the efficiency (for more 

on PMS see chapter 2.2.4.) [17].  
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In literature various requirements for performance measures can be found according to which 

measures should [44], [45], [46]:  

 Be derived from strategy, 

 be related to achievable goals, 

 be simple to understand, 

 provide useful information to its user and audience, 

 provide timely and accurate feedback, 

 be visualized and easy to understand for users, 

 be influenceable, 

 focus on improvement rather than variance, 

 be clearly defined and based on an objective sources of data, 

 be based on data, which can be automatically collected. 

 

Absolute numbers allow an easy comparison with past values, e.g. the number of parts produced in 

the last month. Still, for process evaluation, absolute values have limitations. Relative figures enable 

users to include different operators at the same time, thus these calculated ratios tend to be more 

easily understood by the users [17]. Furthermore, a ratio can be used to determine whether a target 

has been achieved. This is determined via a comparison between the measured results and the target 

value defined for a certain process. The target can be reached (=100%), there can be a deviation 

from the target value (> or < 100%) or no change in the value.  

This depends on how the target value for a measure has been formulated. In some cases it might 

also be applicable to define thresholds between which the measure should be [17]. 

Performance measures can be subdivided into different types, i.e. financial and productivity 

measures. For decision makers in the context of MOM, productivity measures are of special interest. 

These measures can be classified according to partial productivity measures, total factor productiv-

ity (TFP) measures and total productivity measures [34]. The former compare the input of a process 

with the resulting output. Examples of this measure are labour, capital, material or energy consumed 

[17].  

The second type of measure, total factor productivity, is suitable if the productivity of a given pro-

cess is assessed. TFP aims at measuring the process without the influence of replacing labour by 

capital inputs. By doing this, the measure becomes independent of which type of input has been 

chosen [17]. Like partial productivity, TFP compares input and output of a process. The difference 

is that intermediate goods and purchased services are subtracted from the output. Furthermore, the 

sum of capital as well as the spent labour effort is calculated as input. This makes it more difficult 

to compute TFP as it relies on various sources of data [17].  

The last type, total productivity measures, describes metrics that take all kind of inputs into consid-

eration, i.e. intermediate goods and services. Difficulties arise from the necessity to weight input 
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factors that have different units. Additionally total productivity is too aggregated to be practicable 

on the shop floor level; rather it is a termed applied by economists [17].   

The second category of productivity measures relates to time. These measures do not rely on finan-

cial units, which make them independent of any price recovery rate. Furthermore, they are easy to 

be measured and allow various comparisons, e.g. between locations, countries or competitors  [17]. 

They express productivity in terms of time consumed [47]: 
 

𝑃 =
𝑡𝑣𝑎

𝑡𝑡𝑜𝑡
   

 

where 

P = Productivity [%] 

𝑡𝑣𝑎 = Value adding time [time]  

𝑡𝑡𝑜𝑡 =  Total time consumed [time] 

 

It has to be noted that time based measures cannot serve as exclusive measures in production, since 

other input factors also have a strong impact on productivity. Thus, the proposed formula generate 

wrong implications, e.g. the faster an operation is executed the more likely it is, that the produced 

part will have to wait for next processing steps. Whereas a part, which is produced slowly, will have 

a higher share of productive machining time [17].  

 

 PERFORMANCE MEASURES AS INFORMATION CARRIER  

We can consider performance measures as the carrier of information. As described above not only 

can they connect different types and sources of information, but rather they can integrate infor-

mation and data on the same level. To better understand this, the difference between data and in-

formation has to be noticed.  

Data describes values which are retrieved by data processing. For any user data that is presented 

without any context has no meaning, e.g. the energy that has been consumed by a machine will not 

tell the user about its past energy consumption or the average energy consumption of this specific 

machine [48]. Therefore, the user cannot make any judgement about the performance of the ma-

chine. Only if context is added to the raw data, then it becomes information. Information can en-

hance the knowledge of the user about a subject by processing the raw data in terms of performing 

calculations, making decisions, sorting and grouping data as well as organizing it by putting it into 

a structure [48]. In the previous example an operator can only investigate why a machine has in-

creased its energy consumption recently, if data about the past energy consumption is available, 

too.  

In addition to that it is important to consider the quality of information, as this is the foundation for 

most decisions. This means that information shall be of relevance for a particular use, accurate, up-

to-date and easy to understand [48].   
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 MEASUREMENT FRAMEWORKS 

Today, there exists a huge amount of performance measures that a company can choose from. Lit-

erature points out that measures have to be manageable, since an excess of indicators will counter 

act the intended objective, i.e. improving performance [17]. How these measures can be grouped 

and realized and how to select the appropriate measures is examined in the following section.  

Slack proposed five performance objectives a production system should be aiming at, i.e. quality, 

speed, dependability, flexibility and cost [15]. These objectives can be translated into various per-

formance measures (see Appendix II). If the perspective on the PMS is changed, performance 

measures can also be grouped according to their source of origin. As a line information system is 

based on data that origins from the production system, the following approach seems logical [49]: 

 Source of data: Is the source of data either within or outside an organization? 

 Type of data: Is the data measured subjectively or based on an objective measurement? 

 Reference: Is the data used for an intra-organizational purpose or is it used to compare the 

organization with external ones? 

 Orientation to process: Is the data the outcome or the input of a process? 

 

It has to be pointed out that other classification systems exist. Fitzgerald concludes that performance 

measures can be grouped according to the drivers of results: Financial performance, competitive-

ness and drivers that enable an organization to achieve these results (e.g. quality, flexibility, re-

source utilization and innovation) [50]. As an increasing number of companies starts to focus on 

sustainability, a differentiation between shareholders and stakeholders, such employees, customers 

and suppliers as well as society seems also possible [51]. These different types of performance 

measurement frameworks show the perspectives from which a PMS is viewed is important and has 

to be considered when the PMS is designed. 

 

The aim of this thesis is to support manufacturing operations management with information based 

measures to make correct decisions. In this context, two frameworks have to be mentioned:   

The balanced scorecard (BSC, see Figure 14), which has been developed in the 1990s by Kaplan 

and Norton [52]. It suggests to translate the strategy of a company into a set of different four di-

mensions according to which performance measures can be developed, i.e. the customer, the internal 

business process, a learning and growth perspective as well as a financial perspective [52]. Critics 

of the balanced scorecard argue that it is a tool only applicable at the senior management level and 

not useful at the shop floor [53]. Additionally, the BSC does not provide any guidance on how to 

develop the measures, how to introduce them, nor to support the decision making process in the 

context of MOM. Furthermore, the BSC is not taking into consideration how competitors are be-

having [54].  
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Figure 14: Translating vision and strategy: Four perspectives [52] 

 

The other important conceptual framework that relates to MOM is the performance pyramid, pro-

posed by Cross and Lynch (see Figure 15) [55]. It aims at linking the company’s strategy to its 

departments and work centres. Based on the corporate vision, the goals for the business units are 

developed. These units, which are made up of market and financial goals (e.g. market share, return 

on investment), can be further differentiated into the measures that drive the business operating 

system (e.g. measures for flexibility, productivity and customer satisfaction). The foundation of the 

performance pyramid are the four key performance indicators (i.e. quality, delivery, cycle time and 

waste). These indicators are measured in departments and work centres. [17].  

The performance pyramid is a useful tool to identify and determine the factors of success on the 

shop floor level, using a top down perspective. Additionally a differentiation of internal and external 

drivers can be made. However, it does not provide an approach how to identify and implement key 

performance indicators [53].  

 

 

Figure 15: The performance pyramid, modified [55] 
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 PERFORMANCE MEASURES AS STRATEGIC CONTROL  

In literature PMSs are often developed from a top-down perspective, e.g. starting from the com-

pany’s strategy [43]. As mentioned before, strategy is realized when a certain pattern in actions and 

decision-making becomes evident over time, i.e. the decisions made are consistent with the chosen 

strategy. In this context Neely et al. argues that a PMS is part of a strategic control system [43]. 

Actors within this system assess the benefits and costs of their actions and decisions based on their 

potential personal gains. Measures work in this system as a control, which can be used to modify 

the behaviour [43].  

A PMS consists of several individual measures at different levels, therefore “[…] performance 

measures need to be positioned in a strategic context, as they influence what people do” [43]. The 

consistency of strategy and individual actions can be aligned by introducing performance measures 

[56]. This topic has been dealt within research already. One of the most cited authors in this context 

is Lohman who is using the systems perspective (see Figure 16) [57]. On the operational level a 

comparison of input and output is made. In the case of a deviation from the desired state, the control 

function enables the organization to choose the right corrective action. The set of corrective  actions, 

i.e. the decision categories, is predetermined on the strategic level. At this level, the goals to be 

achieved can be set and changed if necessary. Based on these two levels, a performance measure is 

able to provide actual process information to the right organizational positions, i.e. on the opera-

tional level a deviation from the planned goal is detected. On the strategic level an evaluation of 

this deviation is made possible [57].   

 

 

Figure 16: Process control loops, modified [57] 

 

 MEASURES IN PRODUCTION  

The previous sections have shown that many types of measures can be applicable to describe the 

performance of a production system. For the practitioner this raises the question where to find suit-

able measures for the intended purpose. Many authors have discussed various types of measures. 

But as the discussion has shown, a common understanding of generic terms to measure performance 
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(e.g. quality, time, flexibility and costs) is difficult [43]. While Tunälv describes flexibility as the 

ability to introduce new products [58], Wheelwright perceives this as the capability of changing 

production volumes [20] [43].  

A common standard, which is currently under development, is the ISO 22400-2. It is based on the 

VDMA 66412 (Verband Deutscher Maschinen- und Anlagenbauer e. V.) and contains 34 key per-

formance indicators (KPI). Part 1 of this ISO standard describes attributes of every KPI (see). 

Table 3). 

Table 3: KPI structure, modified [9] 

 

Name/Title: Expression or designation of the KPI. 

Description: 
A description of the KPI and its intended use in 

general. 

Application: 

A brief description of the benefits provided by the 

KPI, including its use and consequences in control 

applications. 

Timing: 

A KPI can be calculated either in real-time (i.e. af-

ter each new data acquisition event), on demand 

(i.e. after a specific data selection request), or peri-

odically (i.e. done at a certain interval, e.g. one 

time per day). 

Definition and calculation: A definition of needed data and information.  

Formula: 
The mathematical formula of the KPI based on its 

elements. 

Unit/Dimension: 
The basic unit or dimension in which the KPI is 

expressed. 

Rating: 
The upper and lower logical limits of the KPI and 

the trend indicating improvement. 

Analysis / Drill Down: 
Description of related KPI elements to drill down 

and analyse the root cause of KPI results. 

Remarks: Personal comments.  

Notes / Explanation: Relation to other KPIs. 

User Group: Description of the user groups that utilize the KPI. 

Effect model: 

An assessment method used to find root causes of 

KPI value change and how the KPI relates to other 

elements and KPIs. 

Manufacturing Type: 
The type of manufacturing (continuous, batch, dis-

crete) for which the KPI can be used. 
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In the following, five measures proposed by the ISO 22400-2 shall be presented as examples. They 

cover four of the five production objectives presented in chapter 2.1.6. Costs, which represent a 

financial metric are measured indirectly and not present here, since the ISO 22400-2 standard fo-

cuses on manufacturing execution systems (MES).  

 

First pass yield (FPY):  

This indicator relates to the quality of a process. It is the ratio of yield, i.e. good parts produced / 

the total number of parts tested [9]. This ratio indicates the quality of a production process. It can 

also be related to re-work costs, which increases as FPY decreases [9]. As the effect model diagram 

shows, FPY depends on the work unit. This in turn depends on the production order, the sequence 

of operations and the equipment used to produce the part (see 

Figure 17). 

 

 

 

Figure 17: Effect model diagram - FPY [9] 

Throughput rate: 

This metric relates to the speed of an operation, since the produced quantity during a defined unit 

time is measured [9]. It can be related to a single product and batches, but also to a production line 

or unit [9]. Throughput is based on the actual order execution time, i.e. the difference between stop 

and start time, including queuing time, transportation time and busy time [9]. The higher the 

throughput rate is, the higher is the efficiency in production. Usually the metric is used at the mid 

to senior management level.   
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Figure 18: Effect model diagram - Throughput rate [9] 

 

Setup rate:  

Flexibility is defined as the degree to which a production process can change, how and when pro-

duction takes place and what is going to be produced [15]. This allows various indicators to be used 

in this context, as flexibility is difficult to measure. The setup rate indicates how much time is 

needed in preparing a work unit in relation to the time the given unit is processing a product. It can 

be measured for a site, a work centre or single work unit. Additionally, information about the pro-

duction order is needed (see Figure 19) [9]. The lower the setup rate, the more productive time is 

available. This should be taken into consideration when lot sizes become smaller. The setup rate is 

used on the shop floor level [9]. 

 

Figure 19: Effect model diagram - Setup rate [9] 

 

The allocation ratio: 

Similar to flexibility, dependability is measured indirectly by ISO 22400-2. It describes the ability 

of a production system to deliver products to a customer when they are needed. The allocation ratio 

measures the busy time of all work units in relation to the throughput time of a production order 

and is an indicator for the work in progress (see Figure 20) [9]. In a production system that is based 

on the idea of lean production, the waiting times between the single units should be minimized. As 

a consequence of this, the work in progress should be low and the allocation ratio high.  
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Figure 20: Effect model diagram - Allocation ratio [9] 

 

Overall Equipment efficiency (OEE): 

OEE is an indicators that integrates availability, effectiveness and the quality rate in one number. 

It can relate to an area, a work unit, a single machine or a product or product family and be measured 

in real time or over longer periods [9]. It is computed as the product of availability, effectiveness 

and quality and therefore expressed as a percentage.  

 

𝑂𝐸𝐸 = 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑖𝑙𝑖𝑡𝑦 ∗ 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 ∗ 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 

 

Availability indicates how strongly the capacity of a work unit has been used in relation to the 

available capacity; hence information about the planned busy time and the actual production time 

of a work unit is needed. Effectiveness is a metric, which measures the performance of a work unit, 

i.e.: 

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑟𝑢𝑛𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 ∗
𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝑎𝑐𝑢𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 
 

 

Similar to the FPY, the quality ratio is the relation between good quantity and the quantity produced 

[9]. Representing highly aggregated information, OEE is one of the most important performance 

measures in production.   

 

 DESIGN AND INTRODUCTION OF A PMS 

In the past sections, the purpose and mechanism of performance measures has become clear.  

Having discussed how to use performance measures in order to control an organization and how to 

structure measures, Tangen’s design approach shall be presented here. 

As many requirements exist in such a system, it is recommended to divide the requirements in a 

first step into two categories, i.e. the system level criteria and the measure level criteria. Each of 

them should be treated separately. The system level criteria includes all requirements regarding the 
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PMS and its design. The measure level criteria summarizes all issues related to the individual 

measures [17].   

Additionally, the various performance measures should be grouped according to the different hier-

archical levels stretching from factory level over department level to group level (see Figure 21). 

For the different levels, different groups of metrics can be found. The main system contains all 

measures, which are used at the top level. From there subsystems and their metrics are associated.  

 

In a second step, the users of the PMS have to be identified. For each user, the metric and the 

hierarchical level have to be defined. Furthermore, it is important to identify possible functional 

dependencies between the measures [17]. The introduction of this proposed PMS is achieved 

through a stepwise introduction. This means that each metric should be evaluated. Based on this 

evaluation, the simplest measures should be introduced first. The more experienced an organization 

becomes with its PMS, the more sophisticated measures can be introduced [17].   

 

 

 

Figure 21: Illustration of the structure of a PMS [28] 

  

  INTERMEDIATE CONCLUSION  

The aim of the thesis is the integration of information available in modern production systems to 

improve the performance of MOM. In order to understand what information should be integrated, 

it is necessary to understand who shall use this information and what objectives the users of infor-

mation are aiming at. This is the scope of the first research question. Once this is completed, ways 

of how to integrate and present information to users and how to ensure that information enhances 

the performance of the production system can be described. This is part of the second research 

question.   

Based on the questions above, the production system and the actors within this system were de-

scribed, first. Having accomplished this, MOM which is the methodology that controls the produc-

tion system’s sub-systems was defined as the level three activity in the context of the ISA standard. 
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MOM takes place at the intersection of management and production, which are defined as level two 

and four activities in this standard. Though MOM and its areas of influence had been described, it 

remained unclear how MOM can influence the production system and how it can be used to enhance 

the system’s performance. Strategy was presented as a first part of the solution towards this prob-

lem, since it can be subdivided and adapted to a corporation and its hierarchical levels. This means 

that according to the hierarchical level and users, different goals exist based on the chosen strategy.  

The higher the organizational level, the more long-term related objectives become. These long-term 

objectives, which refer to the corporate strategy, are accompanied by decisions made under higher 

uncertainty because the information available is often little and unreliable. On the other hand, at the 

shop floor level decisions are of short-term nature and connected to operational strategy. A lot of 

information is available and - due to the short time horizon - decisions are made under higher cer-

tainty. The result of such decisions can be assessed faster, since changes can be measured easily in 

terms of information and data gathered from the production system.  

Even though an individual shop floor decision might have little impact, the vast amount of such 

decisions affects the overall performance of a production system.  

The first part of this chapter concluded with an overview of performance objectives chosen at Volvo 

Cars. This demonstrated that Volvo formulated objectives, which were turned into goals that the 

company is aiming to achieve. The example indicated that it is difficult to generically formulate 

goals, which are valid even at the shop floor level. The main reason for this is that every company 

is focusing on different areas of interest where it assumes to perform better than its competitors. 

The achievement of the objectives at Volvo Cars was controlled and monitored by the means of 

performance indicators. 

This led over to the second section of this chapter: Performance measurement. The purposes of 

performance measures and their function as a strategic control was presented. As measures have an 

impact on individual behaviour. This can be seen as the second part of the solution towards the 

problem of how to put MOM into practice. The question was what makes a good measure, where 

and how to find measures and how to structure them?  

One source of such measures is the ISO 22400 standard, which defines 34 KPIs and is currently 

under development. Being a standard, ISO 22400 is a compromise that participants agreed on and 

therefore it cannot provide a general solution to all problems. Nevertheless, it has to be taken into 

consideration that even though the standard provides definitions of the KPIs, an exact description 

of the data to be gathered from the production system is missing. One reason for this is that every 

production system has a unique architecture and objectives. Additionally, the standard defines us-

ers, but does not address their different needs regarding the aggregation level of information.  As 

mentioned above, different users at different levels are going to use the same source of data, but the 

aggregation level of this data will change form user to user. To better integrate information, it has 

to be presented to users in a specific context, which also includes the visualization of the infor-

mation.  
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Furthermore, ISO 22440 does not establish a hierarchy of goals and objectives, nor does it provide 

an approach how to develop and implement the various measures needed to meet performance ob-

jectives. In the context of MOM and the question of how to define performance measures, this 

should be an important issue. Interesting approaches towards this can be found in the measurement 

frameworks as well as the development approach provided by Tangen.  

 

However, neither the presented frameworks nor Tangen’s approach do fully take into consideration 

the data available in today’s production systems, i.e. shop floor data is neglected when a PMS is 

designed. One reason for this is, that the PMS presented are developed for strategic management 

levels where the aggregation level of information is rather high. In addition to that, integrating shop 

floor data requires not only knowledge about the data available, but also knowledge of how to 

extract the data and the various purposes it can be used for.  

Every subsystem of a production system can be seen as a possible source of data. Due to that, the 

retrievable amount of data is almost unlimited, which makes it difficult for the developer of a PMS 

to define the needed data and select and define the information necessary to compute the indicators 

at the different organizational levels. Still, at all organizational levels these measures have to be 

related to the chosen strategy. In this context a PMS developer can choose from an almost infinite 

number and type of measures (see chapter 2.2.1).  

When it comes to the definition of performance objectives at the shop floor level,  a generic descrip-

tion of these objectives is difficult, since every production system is developed to meet specific 

requirements of a company. This is reflected by the difficulties that arise when trying to distinguish 

different users of a PMS (see chapter 2.1.3.).  

It can be summarized that the PMSs described in literature do not take into consideration shop floor 

data. In addition to that, the various sources of data that exist at the shop floor level make it difficult 

for the developer of a PMS to choose suitable measures, this is a problem that has not been addressed 

sufficiently yet.   

In order to make use of this data, indicators have to be designed in such a way, that they are related 

to the chosen strategy on the one hand. On the other hand, these indicators must be linked to the 

shop floor. To achieve this, an approach that accomplishes this, shall be developed in the following. 

This approach shall associate the manufacturing strategy, which is based on the corporate strategy, 

and the chosen indicators. Furthermore, the chosen indicators shall be linked to the needed infor-

mation and the data, on which this information is based on.  
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 GENERIC APPROACH FOR THE DEVELOPMENT AND IMPLE-

MENTATION OF A PMS BASED ON SHOP FLOOR DATA 

The intermediate conclusion of the last chapter has shown that an approach to integrate shop floor 

data by the means of performance measures is missing. This chapter provides such an approach 

towards the addressed problem. The focus of the PMS is on the acquired information and how to 

use this. Firstly, the requirements for the data needed to compute the indicators are discussed. This 

is followed by the elaboration of a generic approach including a supporting tool. The chapter con-

cludes with an exemplary description how to use the information to enhance the performance of 

MOM.   

 

  ACQUISITION OF SHOP FLOOR DATA 

Even though the following approach for the development of a PMS is based on machining data, it 

cannot exclusively rely on this data. In order to compute the individual measures, data and infor-

mation from other sources such as enterprise resource planning (ERP) systems are needed. During 

the design process, this has to be considered and discussed with the responsible IT department.   

The approach to be developed intends to integrate different sources of shop floor data. Due to this, 

data management is an essential topic. Only if the correct and needed data is made available, this 

information can be used to generate useful information for the users of the PMS.  

Within this research project, a generic approach for the design of an information model has been 

developed [59]. This approach includes three major steps:  

 Definition of the scope,  

 model design, 

 model validation. 

 

The primary guideline for the modelling process is to describe the relation between product, process 

and personnel. The quality of the model is judged by its ability to obtain the data needed [59].   

In the context of the LISA project, the information used to compute the measures is stored in data-

bases and has to be retrieved from the production system (see Figure 22). These databases receive 

machine data in terms of extensible markup language (XML) messages via an enterprise service 

bus (ESB). The ESB can be seen as a universal bus system to which any type of production equip-

ment can be connected. Any device, which is going to send messages through the ESB has to do 

this in form of a XML message. In order to translate the machine specific language a virtual device 

is necessary. This device is able to identify the relevant machine data and translate this data into 

XML messages.  
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Figure 22: Extracting machine data [60] 

 

  REQUIREMENTS AND DESIRED OUTCOME OF A GENERIC APPROACH FOR A 

SHOP FLOOR DATA BASED PMS 

Before developing a possible approach and introducing any performance measures, the require-

ments and the desired outcome of the approach should be defined. As discussed in the intermediate 

conclusion of the previous chapter, such an approach shall link the main drivers of MOM, i.e. the 

actors within a production system and the performance objectives, as well as the data and infor-

mation that is available in such systems. This means that the approach shall:  

• Provide accurate information to users (comprehensible and unambiguous), 

• support the decision making process (based on infrastructural and structural decision 

categories, see. chapter 2.1.5.), 

• have a relation to corporate and operational strategy, 

• take into consideration the chosen performance objectives, 

• integrate data from lower ISA levels (i.e. level one and level two (see Figure 8)),  

• be applicable even on an existing PMS,   

• consider the different hierarchical levels and structures of the company. 

 

 IMPLEMENTING A PMS IN FIVE STAGES 

The following section describes the development of a PMS integrating shop floor data. This ap-

proach is based on Deming’s PDCA-cycle (Plan, Do, Check, Act) [61]. Deming suggested to use 

this cycle for continuous improvement in production. Once the initial situation has been analysed, 

a trail based improvement process should be established. Subsequently, the achieved results are 
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evaluated and a refined solution is introduced [61]. The cycle corresponds to the process of devel-

oping a PMS, which can be changed after measures have been introduced. Thus, this approach takes 

into consideration an eventually existing PMS system.  

The methodology for this development follows a top down approach. This related back to the per-

formance pyramid described in chapter 2.2.3. and allows the PMS to align corporate strategy and 

MOM objectives. 

As depicted in figure 23 the approach consists of five stages to be completed.  

First, the current situation has to be analysed. Then goals as well as the objectives of the PMS have 

to be clarified. Once these stages are completed, the creative part of the design process can take 

place, i.e. the identification and selection of feasible measures. As shown in the previous chapter, 

various metrics exists and often their objectives and definitions are conflicting and/or inconsistent. 

Having defined all measures to be introduced, the implementation phase can start. Since the physical 

introduction of new measures is not the scope of this work, only some suggestion for this stage shall 

be made here. The implementation of new measures requires collaboration with other departments, 

as programming and data modelling are needed to turn the metrics into vivid indicators. After the 

measurement has taken place and all involved parties are familiar with the PMS, the review and 

revision of the PMS takes place. In this stage, proposals for improvement can be made and the PMS 

is refined.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Five stages to develop a LISA based PMS system 

 

 THE PMS DEVELOPMENT MAP AS A TOOL FOR THE PRACTITIONER  

During the course of this research project a demonstrator has been developed. The development 

work made clear that even a small PMS that consists of only a few measures quickly becomes 

complex and difficult to understand as soon as a lot of information and data is connected to each 

measure. Therefore, this thesis suggests a tool, which shall visualize the link between users, objec-

tives, information and data (from now on called PMS development map).  
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The PMS development map is derived from the unified modelling language (UML), which is a 

graphical tool used in software engineering [62]. The advantage of UML is its ability to visualize 

objects and their relations such as activities, actors, business processes or databases. 

The general idea behind this tool is that, while the PDCA-cycle being completed, the PMS-devel-

opment map can be complemented at the same time. The PMS development map is intended to help 

to identify possible conflicts within the PMS and capture the PMS that might be already in place.  

A simplified representation of the map is depicted in figure 24, it consists of four major parts: 

• Performance objectives, 

• indicators,  

• information,  

• data.   

 

Performance objectives represent those objectives, which the production strategy is focussing on 

(e.g. high quality, low costs, etc.). Measures are the means by which the performance objectives 

shall be achieved. The ISO 22400 standard was criticized for not establishing a hierarchy of the 

individual KPIs. This differentiation shall be made here: 

In the following, a KPI represents the highest type of a measure, combining information from other 

measures or sources of information. A performance indicator that works on a lower level shall be 

called metric, which is based on information gathered from the manufacturing system. Each metric 

or KPI contains information about the area, product or part for which it is valid for and the person 

responsible for this measure.   

For each metric or KPI, there is a link to the information needed to compute it. As most measures 

do not exclusively rely on one source of information, a metric or KPI can be calculated from dif-

ferent sources of information.  

As already mentioned, information is derived from processed data and can consist of various 

sources. Datasets can be retrieved from the different sources in a production system. The individual 

values in a dataset represent the smallest entities that can be obtained from a production system. 

 

 

 

Figure 24: The PMS development map 
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  THE  SUGGESTED APPROACH IN DETAIL - DESCRIPTION OF THE SINGLE 

STAGES AND THE PMS DEVELOPMENT MAP 

In the following, the presented approach as well as the PMS development map shall be theoretically 

completed. The single tasks and the required outcome of each stage are presented and discussed in 

detail. At the end of each stage, the progress made is visualized by the PMS development map. 

 

 ANALYSIS OF PRODUCTION SYSTEM AND THE PMS IN PLACE 

Before the analysis can take place, the scope of the PMS has to be determined. This determination 

is important, since all subsequent stages are based on the scope previously defined. This means that 

the area or site for which the PMS shall be valid for, has to be identified and described. Additionally, 

all users and their functional roles within the production system have to be taken into consideration. 

Simultaneously, the PMS already in place has to be examined (e.g. for which departments the PMS 

currently in place is valid, what performance objectives are formulated for the PMS).  

Once the scope has been set, the corporate and the manufacturing strategy can be reviewed.  

Usually, they can be found in internal documents or be derived from the mission statement, which 

is made public (e.g. on the corporate webpage). By doing this, it can be assessed whether the cor-

porate strategy has been turned into operational goals and objectives and/or whether the perfor-

mance objectives formulated aim the corporate strategy.  

Another source of information regarding the strategy and objectives of the given production system 

is the employed personnel. This is a rather valuable source as the staff executes and/or contributes 

directly to the performance of MOM. This information can be obtained by conducting a question-

naire. Such a questionnaire was developed in the context of this thesis and conducted as a semi-

structured interview during the application of the developed approach (see chapter 4.). It covers the 

PMS in place in relation to the set performance objectives, the measures in place (requirements on 

measures have been discussed in chapter 2.2.1.), background knowledge of the personnel about the 

PMS and offers the possibility to make suggestions for future improvements (see Table 4). It is 

recommended to conduct the interview at different hierarchical levels of the organization, to capture 

different views and opinions.  

 

Table 4: Questionnaire to evaluate and assess a PMS 

 

Gathering 

infor-

mation 

about ex-

isting PMS 

What are the performance measures in use within your area of work?  (quality, speed, costs, 

dependability, flexibility, costs) 

Which of them would you regard as the most important one for you? 



  38 

Evaluation 

of the 

quality of 

measures 

in place 

Is there any visualization or comprehensible representation of the measures you use? 

(yes/no) 

 

Is there any responsible for the measure's threshold? (yes/no) 

In case of yes: Who is responsible for the measure's threshold, i.e. who sets the goals?         

(you, your chief, head of department)  

 

Is there any responsible for performing the measurement? (yes/no) 

In case of yes: Who is responsible for performing the measurement?  

(you, your chief, head of department) 

Is there other personnel that influences your measure? (yes/no) 

Is the measurement conducted automatically? (yes/no) 

How often is the measurement conducted? (daily/weekly/monthly) 

Can you influence the factors that determine the results of your work? (yes/no) 

Back-

ground 

knowledge 

of users 

Do you know the information the measures that you are using is based on? (yes/no) 

Do you know the data the measures that you are using is based on? (yes/no) 

Is there any defined process how to act if a measure is outside of its tolerance? (yes/no) 

Sugges-

tions for  

future im-

provement 

Which performance objective should be improved? (quality, speed, costs, dependability, 

flexibility) 

If you could think about a measure to be introduced which one would that be according to 

you? 

 

 

Conducting such an interview serves several purposes:  

• Give the developer a first impression about the organization’s experience with perfor-

mance measurement, 

• record the current status of the production system,  

• elaborate which information and data is actually used, 

• describe competencies and responsibilities of the actors regarding the PMS, 
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• compare the PMS and metrics in practice to their planned and desired condition, 

• identify gaps in the existing PMS (e.g. conflicting metrics, performance objectives that 

are neglected in terms of measures), 

• based on this, future measures can be developed and the design of the framework be 

adapted. 

 

The results of the questionnaire can provide the developer with a better understanding of how suc-

cessfully the existing PMS is working. The information obtained can be filled into the PMS devel-

opment map according to performance objectives, indicators (including their users) and infor-

mation.    

 

 

 

Figure 25: PMS after the information of the questionnaire has been filled in 

 

 GOAL DEFINITION 

After the accomplishment of this stage, a set of currently used performance objectives is available. 

It is possible that performance objectives will be withdrawn from the PMS and/or be replaced by 

others (see Figure 26). The reasons for this will be discussed in the following. 

The starting point of the goal definition stage is the previously captured condition of the PMS in 

place. The result of this analysis was recorded by the PMS development map (in terms of perfor-

mance objectives and currently used measures and information). Additional performance objectives 

for the PMS can be chosen according to the corporate or manufacturing strategy, if these objectives 

have not been captured in the PMS yet. 

It should be made clear, that a company will not focus exclusively on one single objective, just as 

it will not focus on all of them with the same priority. Rather, a company is going to rank the 

objectives according to its manufacturing strategy and select the most important ones. This ranking 

can be based on a utility analysis or any other type of ranking method. For example for a company 

that produces high quality and highly customized products, this means that it is not going to focus 



  40 

on a low cost production strategy. Quality and flexibility are going to be the main performance 

objectives, while costs play a secondary roll. Such a ranking was evident in the excursus at Volvo 

Cars. Here, the focus of the performance objectives was on quality, speed and dependability of 

operations. 

It has to be mentioned that a common understanding and agreement on all chosen performance 

objectives is necessary as this is basis for the next stages.  

If it seems too difficult to agree on a common set of objectives among the involved actors, an 

elimination process can be applied, i.e. objectives are withdrawn until the most important two to 

three performance objectives remain. This reduction is needed since various metrics and KPIs are 

going to aim at the chosen performance objectives. If the number of indicators applied becomes too 

large, the PMS is likely to dilute the intended purpose, i.e. an enhancement of the overall perfor-

mance [63]. This process is needed in order to focus on the most important performance objectives.  

 

  

 

Figure 26: The PMS development map after the goal definition stage 

 

 DEFINING AND SELECTING SUITABLE MEASURES 

This is probably the most difficult stage in the design process, since the selection of the metrics and 

KPIs has far reaching consequences for the future performance of MOM. Changing a measure, 

which already has been implemented entails major costs and efforts. All actors within the scope of 

the PMS will adjust their behaviour according to the metrics and KPIs defined and the objectives 

these measures represent. Therefore, measures have to be chosen carefully. 

The PMS development map can be used in this stage to avoid mistakes. It illustrates how various 

metrics and KPIs influence a performance objective. Furthermore, it assigns users and the source 

of information the measure is based on.  
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Avoid conflicts between the individual measures: 

A PMS consists of different indicators, which connect performance objectives, users and infor-

mation. Various dependencies and covariances exist in such a system, which is one reason why the 

designer of a PMS should consider them in advance. Neglecting them can cause conflicts, since the 

measures can work in opposite directions. Solving such a conflict afterwards involves considerable 

efforts.     

OEE can be taken as an example here (see chapter 2.2.5.). As a KPI, it combines information from 

several metrics (i.e. quality, availability and effectiveness) and has an impact on one or even more 

performance objectives (i.e. quality, speed, flexibility). The designer of the PMS has to be aware of 

conflicts that can occur between departments.  

Quality management will focus a high quality ratio. To achieve this goal, it might suggest to in-

crease the time for maintenance and repair, enabling a better quality ratio. Whereas the production 

planning department would like to increase the actual production time to affect the effectiveness. 

This would reduce the time available for maintenance and repair.  

This is a typical example the designer of a PMS is facing, which is why a distinct mapping in the 

PMS development map is helpful to identify conflicts in advance.  

 

Choosing appropriate measures: 

This step represents the core activity of this stage. As defined in chapter 3.2.1 this is a top down 

approach. Due to that, the measures are chosen first. This first selection of indicators is accompanied 

by a description of the information needed. Once the final selection has been made, i.e. the measures 

to be implemented have been set, a detailed definition of the required data can be made together 

with the IT department (see next stage). 

The metrics and KPIs to be chosen shall match with the performance objectives defined in the 

previous chapter. In order to achieve this, it is recommended that the designer has in mind three 

aspects: 

• The performance objective to be achieved, 

• the performance objective the indicators is aiming at, 

• the information needed to compute the measure. 

 

The amount of measures that exist in literature is almost infinite. Besides the ISO 22400 standard, 

other sources such as books (e.g. [64]) and suggestions derived from the conducted interviews can 

be consulted.  

The latter two sources have the advantage of enabling the designer to create a solution that perfectly 

solves a certain problem by developing an indicator that fits the company’s needs . On the other 

hand, such solutions tend to become isolated applications as they are designed for only one area of 

application. This makes company- or site-independent comparisons difficult.  
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ISO 22400 provides an extensive set of measures aiming at all performance objectives. Addition-

ally, the standard gives a description of the information needed to compute the measure.  

 

Depending on the performance objective to be obtained, various measures can be found that differ 

only slightly in definition, but aim at the same performance objective. An example of this can be 

found in ISO 22400 that provides the user with various measures regarding the produced quality 

(e.g. quality ratio, FPY, scrap ratio, production loss ratio). Even though they aim at the same per-

formance objective, an examination on a case-by-case basis is necessary to select the most suitable 

measure. For practical reasons it is also recommended to reduce the number of performance indi-

cators in a PMS to a manageable size (see chapter 2.2.3.). A feasible approach to do this is the factor 

rating method [65]. This method uses six steps to evaluate different options (i.e. develop influence 

factors, assign a weight to each factor, develop a scale for each factor, score each option for each 

factor, compute the result). An example of such an evaluation of different indicators can be found 

in Appendix IV. 

  

After the measures to be implemented have been set, they and the information needed to compute 

them can be recorded in the PMS development map. In addition to that, responsibilities and thresh-

olds within the PMS have to be defined as well (which is not the scope of this thesis). Having 

completed this stage, the map displays information about the performance objectives, their relation 

to users and performance indicators and the information needed to compute these measures (see 

Figure 27).  
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Figure 27: The PMS development map after the 2nd stage 

 

 PLANNING THE IMPLEMENTATION OF A PMS 

The implementation stage is characterized by multidisciplinary work tasks. Two steps have to be 

carried out in this stage, i.e. the definition of the data to be retrieved and the development of the 

databases to store it. Furthermore, concepts to visualize the single measures have to be developed.  

Even though the measures to be implemented in the PMS have been determined, the data to be 

retrieved still remains to be defined. This definition should be specified in collaboration with the 

IT-department, since not only a broad understanding of the production system and its actors is 

needed, but also a lot of programming experience is necessary. Knowing the structures of the system 

enables designers to define the data and information required from the different ISA levels. This 

relates back to the initial explanation of MOM and its hierarchical position in-between level four 

and level two activities, i.e. business planning & logistics as well as the physical production process 

(see Figure 8). Based on the needed information, the origin of the data can be identified (e.g. a unit, 

a work centre, a production line or site, a product or a product family). The precise definition of the 

needed data enables the computation of the performance indicators.  
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In many cases the indicators to be computed require not only data from ISA level two, rather they 

also require data from higher ISA levels, such as the ERP system. Such data is necessary for exam-

ple, to calculate ratios of scheduled time and elapsed time.  

Having defined the data and the source of origin, different databases to store the data can be de-

signed. Hereby, it is recommended to differentiate between databases of the recorded data and da-

tabases, which store the computed indicators. This is due to the fact that different time frames and 

types of queries to the databases can be applied, depending on the needs of different users (e.g. 

product or equipment based view).  

Again, the PMS development map can be applied to avoid mistakes as it links information and data 

(see Figure 28). After this stage, the PMS development map is completed and illustrates the relation 

between performance objectives, indicators with their users, information and data. 

 

 

 

Figure 28: The completed PMS development map 

 

 SUGGESTIONS FOR THE REVISION AND UPDATE OF A PMS 

Since a production system is not a static object, changes and improvements continuously take place. 

This is intended to happen, as the system shall make progress towards the defined objectives. An 

on-going reporting and assessment process can be established. This means that metrics can be dis-

played at the shop floor or in meetings to all users and recipients. This can be done not only to 

distribute information for decision-making, but also to assess performance and discuss the results. 

The indicators defined in the PMS illustrate to what degree a target has been met or whether a metric 
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is out of the specified threshold. A report can present three development potentials each measure 

can take (see chapter 2.2.1), i.e.: 

 Development towards the target value,  

 no change of value, 

 divergence from expected goal.  

 

Once the performance has been assessed, it is necessary to elaborate the reasons for the measures’ 

results. This requires a great deal of thought and consideration as reasons can be manifold.  It is 

recommended to examine the results with all participants and investigate sources of deviations . 

Causes for a underperforming can be found in 

 the PMS design (e.g. unexpected relation to other metrics, incorrect data definition, organ-

izational conflicts), 

 external reasons (e.g. fluctuations in input factors), 

 internal reasons (e.g.  malfunction of equipment, inefficient processes in comparison to ref-

erence process/competitor).  

 

This is where LISA offers a significant advantage, since shop floor data is easily accessible through-

out all organizational and hierarchical levels. 

If a KPI is out of the valid range, it is possible to research the cause of the deviation down to the 

shop floor level, this is called drill-down approach [65]. It enables organizations to respond to 

changes and improve their performance (see more on this in the following section). 

 

  IMPROVING MOM WITH SHOP FLOOR DATA BASED MEASURES 

So far this thesis has focused on the measures to enhance the performance of MOM and how to 

develop them. In the following, the application of these indicators shall be discussed.  

In the previous section the drill-down approach has been mentioned as a tool to reason why indica-

tors behave in a certain way. This section shall theoretically demonstrate the advantages of LISA 

based measures, helping the users to identify and close performance gaps by detailing the drill-

down approach (the figures used are exemplary and serve to illustrate the purpose). 

 

The senior management uses KPIs and metrics as a tool to identify improvement potentials. It makes 

comparisons with other products or certain characteristics of an individual product. 

Figure 29 depicts two out of many different possible views on meausers, e.g. a prodction and a 

product based view (other views were discussed in chapter 2.2.1.), which combine all relevant 

indicators. While the production based view presents indicators of the production system, the 

product view can be applied to compare characteristics of one product with another reference 

product. Based on this analysis, gaps are identified and a product/production manager is assigned 

to close them. 
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Figure 29: Exemplary view on indicators of a senior manager 

 

In the second step of the drill-down process, the product manager needs detailed information to start 

an improvement process. This can include information about the product itself, but also about the 

production process and the equipment involved. Without an integration of shop floor data, this in-

vestigation would take more effort due to the increased costs of information procurement. With the 

data obtained through LISA and the PMS, which puts this data into context, improvement potentials 

can be further narrowed down to individual areas (see Figure 30). In this case time saving potentials 

could be identified either by a comparison with past values recorded, or by evaluating the area with 

the highest saving potentials (the Fraunhofer Insitute suggests this in the so-called energy mapping 

approach [66]).    

 

 

Figure 30: Exemplary view on indicators of a product manager 

 

On the lowest level of the PMS, the individual machine or production line data can also be assessed 

in terms of metrics. In this example, two conclusions could be drawn from the data (see Figure 31).  

First, the average cycle time of each station is 1:40:48. Assuming that all stations would be running 

without errors and interruptions, the conclusion cold be drawn that the line is not fully balanced as 
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station three and five deviate from the average cycle time. This would cause a loss of productive 

time for the other stations and would also be evident in terms of a lower OEE value.  

Second, the last station in the line clearly exceeds the average cycle time. By looking at the detailed 

values of this station, reasons for this could be assessed and countermeasures could be taken. In this 

case, the actual cycle time deviates from the planned cycle time, which might correlate to the in-

creased energy consumption. In such a case, this could be an indicator for a needed tool change due 

to tool wear.   

 

 

Figure 31: Exemplary view on shop floor indicators 

 

  INTERMEDIATE CONCLUSION 

The second chapter concluded by stating that an approach that fully integrates shop floor data into 

a PMS is yet missing. In the context of the LISA project, the integration of shop floor data and the 

realization of improvement potentials is of importance. Therefore, this chapter suggested a top-

down, five-stage based approach to develop a shop floor data based PMS (see Figure 32). The five 

stages of the approach consist of a situation analysis, where goals and performance objectives are 

set. In the third stage, measures are defined and selected. The implementation phase is characterized 

by implementing the chosen indicators in collaboration with the IT-department. To help the practi-

tioner, these first four stages a supported by the PMS development map. This map shall visualize 

the link between performance objectives, indicators, information and the data obtained by LISA 

(see Figure 28). 
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Figure 32: Four stages to develop a LISA based PMS system in detail 

 

The advantage of such a link is that it enables the users of a PMS to access the needed information 

in a comprehensible way. The fifth stage of this approach deals with the revision and the update of 

a PMS. 

In the last section of this chapter the drill-down approach was used to show how an identification 

of performance gaps could be conducted by using shop floor data. Based on the results of this, 

countermeasures could be taken to enhance the systems performance.   

This chapter provided the theoretical solution towards the problem addressed as a result from the 

intermediate conclusion of chapter 2.3., i.e. how to integrate shop floor data in such a way that 

performance objectives, indicators and their users, as well as indicators and the available data are 

linked.  

In the next chapter, the developed approach and the PMS development map have to be applied in 

an industrial environment. Testing the applicability intends to prove that the approach generates a 

PMS that focuses on the right performance objectives, selects and defines suitable measures and 

links them to the corresponding information and data, which is retrieved through LISA. The indi-

cators shall provide information that can be used to improve the operational performance of the 

defined use case.  
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 APPLYING THE DEVELOPED APPROACH AT THE ENGINE 

BLOCK PRODUCTION AT SCANIA 

After the generic approach has been developed, the applicability of the approach is tested at Scania 

AB (Scania). The area in which the approach as well as the tool are applied to is the engine block 

production line.  

  

  INTRODUCTION TO SCANIA AND THE AREA OF INTEREST 

Scania is a manufacturer of trucks, busses and engines for marine and industrial purposes. Its main 

office and production facility is located in Södertälje, Sweden. Besides this, production takes place 

in six other countries around the world [67].  

The area of interest is one of the engine block production lines of Scania in Södertälje. The devel-

oped approach is applied as far as the delimitations allow to do this. 

 

 THE SCANIA PRODUCTION LINE 

The production line at Scania is a mixed-model line. Two types of engine blocks are currently 

produced. The production is a mixture of a single and a multipath production.  

The engine blocks are delivered pre-machined to the line. The line is made up of various chipping 

operations. These operations range from turning and milling to grinding operations. Additionally, 

the blocks have to be cleaned after processing and several quality inspections have to be passed 

(batch as well as individual assessment). The line is divided into three sections  (see Figure 33). All 

machine tools and machining centres are connected by a gantry system, which is used to insert and 

remove engine blocks from the various stations. Engine blocks with their product-ID are identified 

after operation 2 and operation 5, when entering and leaving the buffer in section 2 and after the 

last operation in section 3. 

This allows the identification of the block and its position within the production area by generating 

a time stamp through Scania’s production control system. A detailed map of the production line, 

including the sequence of the individual operations, is presented in Appendix III.  
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Figure 33: Simplified representation of the Scania production line 

 

 ANALYSING SCANIA’S STRATEGY AND MEASURES 

As described in chapter 3.3.1. the analysis of the PMS in place is the first task to be accomplished. 

Scania’s corporate strategy, its manufacturing strategy and the indicators currently used have been 

examined by surveying the company’s mission statement, internal documents and conducting inter-

views with the Scania staff (the questionnaire can be found in chapter 3.3.1.).The results obtained 

by this survey have been entered in the PMS development map (see Figure 34), the details are 

presented below:  

 

Results obtained from the corporate mission statement:  

“Scania’s objective is to provide the best profitability for its customers (…)” [67]. According to 

this, the company has defined three core values, which shall permeate the entire corporation:  

 Customer first: By knowing the customers and their businesses, Scania develops products, 

which contribute to customers’ profitability. Therefore, trucks and busses feature low oper-

ational costs, high earning capacities and foster a sustainable environment [67].  

 Respect for the individual: Scania aims at a continuous improvement process to enhance 

the level of quality, efficiency and job satisfaction. The knowledge and ideas of each em-

ployee are needed to achieve this [67].    

 Quality: Scania aims at an outstanding quality of products and services. A consequence of 

this is the elimination of all forms of waste in production. Scania uses deviations f rom target 

values as a source of continuous improvement [67].   
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Results obtained from internal documents and interviews: 

Scania records several indicators, which have been identified in internal reports. The conducted 

interviews revealed that, at the level of the production line, six indicators are used to capture the 

performance of the line. Additional indicators are used at higher management levels.     

Table 5 shows a list of all indicators applied at the engine block production line and a definition of 

the information and data needed to compute them. As a description of the information and data was 

not available in the reports, this information was acquired through the conducted interviews.  

Wherever possible, intentions behind the measures and annotations from the staff have been added 

for better understanding of the measure.   

 

Table 5: Indicators used at Scania 

 

Indicator Definition and Annotation 

Accidents 

Amount of accidents in a period. 

This information can be derived from an operator or the supervisor of the line. Any 

near accident has to be reported as accident. The measure itself can be provided to 

employees at the production line, but also to higher organizational levels.  

Attendance   

ratio 

The ratio of employees present in a shift and the number of employees scheduled for a 

shift.  

A line or group supervisor usually provides this information. It addresses employees 

with a leadership function.  

Defects 

Any detected defect is reported as such. This includes engine blocks, which cannot be 

used even after re-work. The information needed can be derived from internal ma-

chine data or a quality-testing unit.  

The measure can be used by line operators (if details about the defect are made avail-

able), as well as supervisors and management staff (in order to get information about 

the quality and efficiency of the line). 

Planned scrap 

ratio 

The number of blocks that have a defect and cannot be re-worked in relation to the 

number of blocks produced.  

This measure addresses line supervisors and senior management as it features a long-

term goal, which is set by these people. The information is based on the reported de-

fects. Additionally, a decision has to be made, whether a block can remain in the pro-

duction process or is accounted as scrap.  

85% Overall 

Performance 

Efficiency 

(OPE) 

The number of produced parts in relation to the number of parts that could have been 

produced during this time (i.e. planned/target time versus actual cycle time).  

OPE measures the efficiency with which production equipment is used at Scania.  

The 85% represent a goal that is difficult to reach, as maintenance time is not taken 

into consideration for this indicator. This means, that a target value of 100% would 

counteract a high OPE in the long run. Maintenance would be neglected, resulting in 

long stoppage times. Since this is a rather abstract measure, it serves supervisors and 

the management to control the performance of the production system. As it includes 

several sources of information, conclusions have to be drawn carefully.   
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95% Success-

ful 1st Run 

Ratio of parts that have been produced without any interruption of the production 

equipment.  

The meaning of the word interruption has to be defined precisely in this context. In the 

case of the Scania line, this is the case as soon as the machine’s light indicator turns 

yellow longer than a defined period (sometimes the light can turn yellow for some 

tenths of a second if the machine is waiting for new data to arrive from the server). 

The measure refers to the stability and quality of a production process. As it takes into  

consideration the whole line, it provides information to supervisors and management.  

 

Another outcome of the interviews is that measures are supported by a production strategy that 

follows the principles of lean management. At Scania this is called the Scania production system 

(SPS). It brings together all methods and principles that aim at a continuous improvement  and a 

streamlined production [67]. When talking to the employees at the production line and the line 

supervisors, it became clear that SPS is present in terms of instructions and guidelines, which inter-

vene in case of a disturbance (e.g. systematic failure analysis, continuous improvement and learn-

ing, high personal responsibility, etc.).       

 

Summarizing the results of the analysis 

Scania’s three core values (i.e. quality, customer first and respect for the individual), can be trans-

lated into performance objectives the company is aiming at. The conducted interviews and the ana-

lysis of the internal reports show that there are six indicators that aim at these objectives on the 

production line level. The information needed to compute the indicators and the data behind this 

information was obtained through the interviews conducted. The interviews made clear that Scania 

has implemented a production strategy at the shop floor level to respond to changes and disturb-

ances.  

Performance objectives, indicators, information and data have been entered into the PMS develop-

ment map to visualize their relation (see Figure 34). As depicted, OPE, planned scrap ration, suc-

cessful 1st run and defects are connected to the two performance objectives quality and customer 

first, whereas the latter two (attendance and accidents) focus in the third objective, i.e. respect for 

the individual.  

The data needed to compute the first three indicators can be obtained from the production system, 

but the last three indicators need information that has a human source of origin (as they are currently 

applied at Scania). 
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Figure 34: The PMS-development map applied at Scania 

 

  GOAL DEFINITION 

This stage serves to modify performance objectives if necessary. Due to the set delimitations, the 

strategy of Scania is not intended to be changed.  

On the shop floor level, the goals formulated in the SPS (continuous improvement, streamlined 

production) could be suggested to be implemented as an additional performance objective. How-

ever, one could argue whether this performance objective is already covered by the existing ones. 

For the sake of applying as much of the developed approach as possible, we assume that “lean 

production” as a general term, shall be introduced into the PMS development map as an additional 

performance objective (see Figure 35). 

This performance objective would then become a goal for the production at Scania. According to 

the suggested approach, the objective would need indicators to support it. In the following section, 

the development and design of such indicators shall be discussed.  
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Figure 35: The PMS development map, including the new performance objective “lean production”  

(For reasons of simplicity, related data and information have not been visualized) 

 

  DEFINING AND SELECTING SUITABLE MEASURES 

This is the second step of the suggested cycle and deals with the development of indicators aiming 

at the newly introduced objective “lean production”. The last part of the interviews was intended to 

collect ideas and suggestions for additional indicators to achieve this performance objective. 

Throughout all conducted interviews, four issues of relevance were addressed by the interviewees: 

 Reduced energy consumption, 

 reduced downtime, 

 improved maintenance,  

 improved utilization of capacity.  

 

The results from the conducted interviews and the strategy analysis led to three suggested measures 

applicable at Scania’s production line. Based on the suggestions made, measures were chosen from 

the ISO 22400 standard:  
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 Energy consumption: This is an indicator for the effectiveness at which energy inputs are 

transformed. It combines not only inputs in the form of electricity, but also other energy 

inputs.  

If the metric shall be used to enhance the performance of MOM, detailed information at the 

shop floor level about all production units is necessary to optimize the performance of the 

system. Such a procedure is described in the energy stream analysis [68].  

The information needed from each machine tool is the electric energy, compressed air and 

hydraulic oil consumed during the production of one unit. The latter two inputs cold then 

be converted into equivalents of electricity.   

A possible application for this could be the identification of a system state where energy 

consumption in relation to throughput time is minimized.  

 Lead time: This is a measure that describes the time it takes to manufacture one engine 

block. The start and end point have to be defined precisely. In a production environment 

usually this is referred to as the beginning of the first and the end of the last operation.  

In the context of lean manufacturing this is an important indicator, since it combines infor-

mation about equipment utilization, fixed capital and the coordination of the individual pro-

duction processes - a typical MOM related task.  

 Meantime between failures (MTBF): MTBF measures how long it takes until resumption 

of production after an unplanned stoppage of a machine tool. It is an indicator, which is 

used in the context of total maintenance and can be applied to measure the effectiveness of 

maintenance scheduling and newly developed strategies for maintenance.   

Information needed to compute MTBF is the time between the stop of an operation and the 

resumption. At Scania this measure could be implemented by using the data generated from 

the light indicators (e.g. a switch from green to red indicates a stop, a switch from red to 

green indicates the start of production).  

 

Choosing the measure 

In contrary to the described approach, where the factor rating method is conducted to choose a 

measure, after consultation with the members of the research project, lead time was chosen as the 

measure to be tested at the engine block production line. This decision has been made for two 

reasons: 

 Firstly, lead time is easy to implement for the purpose of testing the developed approach, 

since no additional equipment nor changes in the line’s information system architecture are 

needed.  

Energy consumption would require a lot of effort before any measurement could be con-

ducted. Currently, the production line at Scania does not provide all measurement devices 

needed to do this.  

MTBF was not chosen, since it has many influence factors and introducing this would in-

volve other departments at Scania, such as maintenance. 
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 Secondly, lead time is a measure, which corresponds to the suggested performance objective 

“lean production”. Even though it is a rather abstract value, it can be broken down into the 

single sections of the line, where operators can easily monitor it. Supervisors and manage-

ment can use it as an aggregated metric to identify performance gaps of the line as a whole. 

 

Having chosen the measure, the information needed to compute it is defined. As a consequence of 

the existing line information architecture (see chapter 4.1.2.), the gantry system is chosen to provide 

the information and needed data. The new indicator is visualized in the PMS development map, as 

depicted. It influences the new performance objective “lean production” and the existing on, “cus-

tomer first” (see Figure 36).    

 

 

 

Figure 36: New measure at Scania in the PMS-development map 

 

  SIMPLIFIED IMPLEMENTATION OF THE MEASURE “LEAD TIME” 

The implementation is the second last step in the cycle. Due to the set delimitations, the implemen-

tation of the metric was simplified. The needed data for the computation of the lead time at Scania’s 

production line was gathered from Scania’s internal production control system. It records events in 

the production system by creating a time stamp whenever an operation has been carried out. For the 

computation of the lead time, historical data has been used. This data covers the production of the 
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last ~45,000 engine blocks and data is retrieved from the system’s data base through search query 

language (SQL).  

Total lead time is defined as the time a block needs to pass through all operations of the engine 

block production line. Due to technical reasons, the starting point is defined as the moment the 

block enters the gantry system and receives its product-ID during operation 2.  

Since the line is divided into three sections, it is suggested to calculate the lead time for each section, 

too. The starting point of a section is the final operation of the previous section (e.g. operation 5 

marks the end point of section one, this time stamp indicates the beginning of section 2  (see  

Figure 33)). The end-of-operation-point was defined as the moment the block has successfully 

passed the final inspection and is released from the gantry system. Table 6 depicts the data obtained 

for seven randomly chosen engine blocks. For each block, the total lead time and the lead time 

needed to complete each section has been calculated by subtracting the individual time stamps (see 

Table 7).  

 

Table 6: Lead time for each section and the total engine block production line 

 

The results show that two blocks deviate upwards from the others regarding the achieved lead time. 

By investigating the raw data obtained, the reason for this can be identified. The production of these 

two blocks extends over a weekend (130307C051, 130503C044). The elapsed time is counted as 

part of the lead time, though the production was stopped then. Other deviations can arise due to 

holidays, maintenance time, but also unplanned interruptions.  

When comparing received results, such deviations have to be taken into consideration. The current 

design of the indicator does not take into consideration such externalities.   

  

Table 7: Excerpt from the data used to calculated lead time 

 

 

 

 

 

 

Product-ID Start operation 2 Stop operation 5 Stop operation 10 Stop operation 19 

120508C056 2012-05-08 23:08:16 2012-05-09 10:49:03 2012-05-09 19:31:20 2012-05-10 11:52:15 

120530C072       2012-05-30 20:26:09 2012-05-31 07:57:24 2012-05-31 21:23:59 2012-06-01 14:25:59 

130116C065 2013-01-16 20:16:57 2013-01-17 07:22:34 2013-01-17 12:42:52 2013-01-18 09:36:11 

130307C051       2013-03-07 23:03:55 2013-03-08 02:14:22 2013-03-08 10:25:31 2013-03-11 14:49:11 

130503C044 2013-05-03 09:42:37 2013-05-03 11:11:44 2013-05-06 06:58:40 2013-05-06 15:39:16 

120514C057       2012-05-14 20:22:01 2012-05-15 09:04:31 2012-05-15 20:22:01 2012-05-16 14:08:41 

130516C005       2013-05-16 03:31:19 2013-05-16 08:09:40 2013-05-16 12:44:49 2013-05-17 00:58:33 

Product-ID 
Lead time:  

Section 1 

Lead time:  

Section 3 

Lead time:  

Section 3 
Total lead time 

120508C056 11:40:47 8:42:17 16:20:55 36:43:59 

120530C072       11:31:15 13:26:35 17:02:00 41:59:50 

130116C065 11:05:37 5:20:18 20:53:19 37:19:14 
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This section shows that it is possible to retrieve data from the production system and use this to 

measure the lead time of each produced engine block. The already existing data allows to differen-

tiate between individual sections of the production line. Furthermore, the indicator and the data can 

be used as benchmarks within Scania, but have to be post processed.     

 

  REVISION AND UPDATE - REMARKS FOR THE FUTURE 

The last step of the developed approach could not be tested at Scania, since a full application of the 

measure “lead time” was not possible with the set delimitations.  

Nevertheless, the application of this approach allows to point out the scope for future improvements 

of this indicator at Scania.    

As it has become obvious in the previous section, factors that distort the results have to be identified 

and excluded through programming (e.g. change SQL query, so that holidays are taken into consid-

eration). For now, it is possible to measure the lead time of a product as it passes through different 

sections of the engine block production line.  

It is conceivable to expand this indicator in two directions in the future: 

 On higher organizational levels, the indicator could be used to aggregate information about 

the performance of other departments. In this case, it would be necessary to integrate data 

from other departments applying the same approach as described. 

 On the shop floor level, a refinement of the indicator could be possible by collecting data 

at the individual machine level (this would allow a drill-down process as presented in sec-

tion 3.4.). To accomplish this, a change in the line information architecture would be nec-

essary. Currently, it is possible to retrieve data from individual machines, but linking this 

data to a specific product would require a part identification ahead of every machine tool. 

This is currently not possible. 

 

In any case, a single common definition of the performance indicator, including the information and 

data needed is necessary for all departments for which the indicator shall be valid. The PMS devel-

opment map could be a valuable and useful tool to achieve this.  

  

130307C051       3:10:27 8:11:09 76:23:40 87:45:16 

130503C044 1:29:07 67:46:56 8:40:36 77:56:39 

120514C057       12:42:30 11:17:30 17:46:40 41:46:40 

130516C005       4:38:21 4:35:09 12:13:44 21:27:14 
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 CONCLUSION AND DISCUSSION 

This chapter presents a summary of the results of this work. This is followed by a general discussion.  

 

The aim of this thesis has been formulated as the need to make use of the data and information 

available in production systems to enhance the performance of MOM. Therefore three research 

questions were asked.  

 

RQ 1:  Who are the users of this information in a production system and which targets are they 

pursuing? 

RQ2:  How to use performance measures in order to enhance the performance of manufacturing 

operations management? 

RQ 3:  How can the needed measures be identified, developed and introduced in a discrete part 

manufacturing environment? 

 

To answer the first research question, it was necessary to identify the actors in a production system. 

They are the users of the information to be provided and make decisions that affect the system’s 

performance. The provided information supports them in achieving their individual objectives and 

goals. This leads to the second aspect of this question, i.e. where do information and data origin 

from? If it is not possible to describe the structure of a production system, it is not possible to 

structure data and information to be provided to the users.  

A generic answer to the first research question is difficult to give, since every company aims at 

different objectives and every production system is unique in its own way. Nevertheless, actors can 

be assigned according to their hierarchical level (i.e. management level, intermediate level, shop 

floor level). While the management and shop floor level can be differentiated, the intermediate level 

is difficult to specify. According to the production system’s design, tasks and actors at this level 

overlap with the management and shop floor level.  

A similar problem occurs with the objectives the actors are trying to achieve. At the management 

level, goals can be defined in financial terms, which are based on tax and accountancy law. This 

makes corporate goals more generic and allows to benchmark between companies. But the more 

objectives become related to the shop floor level, the more they become specified in terms of an 

individual set of objectives. These sets of objectives are unique for every company. As a conse-

quence of this, five generic performance objectives were suggested for the shop floor level (i.e. 

speed, quality, flexibility, dependability and costs).  

The second research question dealt with the problem how to use performance measures in the con-

text of MOM. To answer this question, the terms performance measurement, performance measure 

and PMS were clarified first. Lohman’s process control loop was used to explain how performance 

measures can influence individual behaviour on all organizational levels. This control loop enables 

the organization to steer individual behaviour towards a performance objective. Therefore, to im-
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prove the decisions made in the context of MOM, the chosen strategy and the organization’s hier-

archical levels have to be taken into consideration when designing a PMS (i.e. the measures at the 

management level will differ from those at the shop floor level). This means that all indicators have 

to be designed in such a way that they aim at the company’s performance objectives and relate to 

strategy. A theoretical example of how to use such a PMS and its performance indicators was pre-

sented in section 3.4. This single-indicator based PMS allowed to apply the drill-down approach in 

order to identify performance gaps. The identification of such gaps by the means of the applied 

indicators enables actors to derive steps to close performance gaps. This allows organizations to 

improve their performance.     

The conclusion of the theoretical background stated that an approach that combines performance 

objectives, indicators, information and the available data is currently missing. Especially the inte-

gration of information available at lower organizational levels (i.e. shop floor where a lot of data is 

available) is missing. This was the issue of the third research question that tried to answer how to 

identify, develop and implement measures that integrate shop floor data in a discrete part manufac-

turing environment. An approach for the development and implementation of a PMS that takes into 

consideration shop floor data has been developed. Such a PMS takes into consideration not only the 

management level, but also takes into account the operational level of an organization. This five-

stage approach is based on the PDCA-cycle. The approach is accompanied by a tool, which is called 

PMS development map. It intends to support the designer of the PMS and links performance objec-

tives, indicators, information and data.  

To test its applicability, the approach has been applied at the engine block production line at Scania. 

Hereby, lead time was suggested as a measure. Though all stages of the developed approach were 

applied at Scania, a full implementation of the measure was not possible. The described approach 

follows a top-down development of the measure. This implies that indicators are chosen first, then 

the data to be retrieved should be defined. As the line architecture at Scania could not be changed, 

the data to be retrieved could not be adapted to the measure’s needs. Due to that , the significance 

of the obtained information was limited to the lead time of the production line. The described drill-

down approach could not be conducted and performance gaps not be identified and closed. 

Still, this practical application has led to suggestions what changes need to be made to achieve this 

in the future. Based on these suggestions, the information value of the measure could be enhanced, 

so that it can contribute to improve the operational performance.   

 

The presented approach integrates several different disciplines. Firstly, it requires knowledge about 

corporate governance to understand hierarchical structures and strategies within a company. Sec-

ondly, knowledge about the production system, information and data base modelling is needed to 

develop the measures. This multidisciplinary makes it difficult to conduct the approach without 

having an expertise in all these fields, rather collaboration of different actors is needed. This entails 

higher coordination and control efforts. One could also argue that at the level of the individual 

stages the approach remains too general. The approach mentions tools and methodologies, yet it is 



  61 

up to the developer how to achieve the described results and record them in the PMS development 

map. This is due to the fact that the map as well as the approach try to be as generic as possible in 

order to be applicable in different industrial environments.   

If applied properly, the PMS development map as well as the approach allow to identify perfor-

mance gaps. Still, what is being considered as a performance gap, i.e. the interpretation of an indi-

cator and its value, remains subjective and therefore is up to the user. This means that realizing 

improvement potentials depends on the actors within a production system. Performance indicators 

can support these actors in achieving improvements.  
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 OUTLOOK 

The work accomplished in this research project and thesis has shown that the integration of 

shop floor data to enhance the performance of production systems is possible.  

The developed approach enables users to identify the relevant data and transform this into 

valuable information that can contribute to performance improvements of the production 

and the manufacturing system. Nevertheless, the integration of various sources of infor-

mation requires a lot of effort and the resulting outcome of this work can hardly adopt quick 

enough to the flexible and fast changing environment of the industry. Two fields of further 

investigation and work can be identified. The data provided by production systems should 

be further standardized to allow a better integration of data sources. This does not only 

account for the production equipment, but also for other sources of data available in differ-

ent parts of the manufacturing system. It should be possible to exchange information from 

all systems and levels of an organization.      

 

The second point of interest is the user friendliness of such information systems. The design 

of these systems has to take into consideration the skills of its users. This means that users, 

who have a lower knowledge about these systems, should be able to assess and combine the 

relevant information needed for their tasks and decisions.   

Information systems have to be designed in such a way that they are used and accepted by 

those who interact with them every day. If this is feasible, information systems can contrib-

ute to improve the performance of production systems and thereby the success of an organ-

ization as a whole.  
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APPENDIX 
 

Appendix I: Sixteen losses at Volvo Cars [40] 

Equipment failures  

Setup and adjustments  

Tooling losses  

Documented minor stops  

Planned maintenance  

Idling and minor stops  

Reduced speed  

Blocked and starved  

Scarp and rework  

Excessing manning losses  

Management losses  

Balancing losses  

Non-value added direct work losses  

Yield losses  

Die, jig, fixture and sub-optimal material losses  

Energy losses  
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Appendix II:  Individual measures of performance, [17], [15] 
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Appendix III: Map of the production line at Scania 
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Appendix IV: Example of the applied factor rating method 

 

 

Indicator Technical effort 
(low=3; high=1) Weight Financial effort 

(low=3; high=1) Weight 
Improvement 
potential 
(low=1; high=3) 

Weight Score 

Lead time Low 

x 0,3 

Low 

x 0,2 

High 

x 0,5 

2,5 

MTBF Low Low Low 1,6 

Energy con-
sumption 

High High High 2,2 

Machine capa-
bility index 

High High Medium 1,5 

Setup rate Medium Low Low 1,3 

 

The score represents the total sum of the category score times the category weight.  

It is recommended to complete the table in collaboration with others.  

 

 

 

 


