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Abstract 

The adaptation of the fourth industrial revolution creates a big shift on how production 

systems operate today. This thesis aims to define metrics and processes to help the 

implementation of a Cyber-Physical system approach. Data acquired from a tool in one of the 

test cells at Scania is investigated and built upon. A comprehensive literature review is 

conducted to aid the application of industrial standards to the data collected.  

The structure of the thesis suggests a way to approach data and process identification. 

Continuing with the creation of new Key Performance Indicator (KPI) descriptions and their 

respective effect model diagrams which include the same underlying processes of the 

previously acquired data. Some of the defined KPIs are the Operational Equipment 

Effectiveness and Process Capability Index (Cp, Cpk). 

The use of these metrics in shop floor and management environments are examined and 

discussed in this project. The conclusion shows that the resulting system of investigation is 

effective to use for the creation of KPIs in a Cyber-Physical environment. 
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Sammanfattning 

Implementationen av den fjärde industriella revolutionen skapar en stor ändring i hur 

produktionssystemen fungerar idag. Detta arbete syftar till att definiera mätvärden och 

processer för att hjälpa till med implementering av ett Cyber-Fysiskt system. Data erhölls och 

undersöktes från ett verktyg i ett av test cellerna på Scania. En omfattande litteraturstudie 

genomfördes för att stödja tillämpningen av industristandarder på den insamlade 

informationen. 

Studien är uppbyggd på ett sätt som hjälper identifieringen av data och processer. 

Informationen användes senare till skapandet av nya Nyckeltal (KPI) med tillhörande 

beskrivningar och deras respektive effektmodell diagram. Dessa nyckeltal har samma 

underliggande processer som den data tagen från verktygen. Några av de definierade 

nyckeltalen är Operational Equipment Effectiveness och process kapacitet(Cp,Cpk). 

Användningen av dessa mätvärden undersöktes samt diskuterades i avseende till 

verkstadsgolvet och kontorsmiljön i detta projekt. Slutsatsen tyder på att det skapade 

tillvägagångsättet för undersökning är effektivt att använda för att skapa nyckeltal i en Cyber-

Fysisk miljö. 

Nyckelord: Cyber-Fysiskt produktions system, Industri 4.0, Nyckeltal 
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1 Introduction 

In this chapter, an introduction to the subject of this thesis is made as well as the 

background necessary for the understanding of the subject. The goals, purpose and 

boundaries are defined . 

1.1 Background 

In the fast-evolving production industries there have in recent years been a high demand in the 

implementation of the Internet of Things into production, making data easily attainable as well 

as simpler to produce. This system of evolving is usually called a paradigm. The first step of 

understanding a paradigm is by giving it a name, in this case we have the names such as Industry 

4.0, Evolvable Manufacturing and Cyber-Physical Production Systems. These define a new 

way of thinking when it comes to industrial production and manufacturing, adding new ways 

to manage information and control of production systems. Research helping the implementation 

are being worked on and one of those is the Line information system architecture (LISA) which 

develops a way of interconnecting the machines with each other. In the second round of the 

LISA project (LISA2) the implementation is the focus, where this master thesis will aid. 

1.2 Problem statement 

This thesis focuses on the problem created by the lack of systematic data control and 

transactions among the machines and equipment in the Pedal car assembly line in Scania in 

Sweden. This line is an experimental stage of the research and development department of 

Scania Södertälje. This lack of data creates a lack of required information to efficiently develop 

decisions. These decisions can lead to several changes in both low level control and top level 

management.  

1.2.1 Research purpose 

Help the implementation of the LISA architecture in the Scania facility by defining some of the 

KPIs for the production cell. Dissecting acquired data to understand the underlaying processes 

and build up from there. By using modern industrial standards, the information will be scalable 

as well as modular in coherence with the LISA 2 implementation.   
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1.2.2 Research goals 

The objective of this thesis it to create a system of analysing the information at hand. The 

information should then be presented in an understandable manner.  

Sub goals are made to obtain this main goal. The first sub goal is to define what the information 

is. The second sub goal is to define where the information is needed. Third sub goal is to find a 

way of presenting the information. 

1. What information is needed to develop KPIs in a Cyber-Physical Production system?   

2. Which data is beneficial for shop floor and management in different layers of the 

manufacturing system. 

3. What is the most suitable way of presenting the information, via message, alarms, web 

based access or graphical presentation?  

These sub goals create together a road to the main goal which is to be able to define a set of key 

performance indicators for a production system. By answering these questions, a system could 

be formed. 

1.2.3 Boundaries 

The boundaries of this project are defined by the purpose. Constraining the thesis to only focus 

on the implementation of KPIs to the LISA2 architecture. The test case at Scania also creates a 

time constraint at the work will need to be made in parallel, therefore creating a barrier where 

this thesis cannot be completed without the implementation of the architecture at Scania. No 

investigation on KPIs which lack data from the test case was done. 

1.2.4 Project Methodology 

The creation of the project started with the creation of a mind map, see Figure 1. In the top 

section we have the industrial standards which define the set of preferences for the outcome, 

these are ISA 95 and ISO 22400. From here define the connection to the Cyber-Physical 

Production System as well as the key performance indicators. Investigating data acquired from 

the Scania facility to understand the underlying functionality as well as processes. The 

combination of the three points provides definitions of data, planning of what the data does and 

investigating the addition of more KPIs if they are applicable to the scenario. 

When the three steps are complete the results are assessed via the two fundamentally different 

cases of shop floor and Management to see potential benefits. 
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Figure 1: Simple Mind map 

Lastly, an investigation on how KPIs have changed due to the Cyber-Physical nature of the 

manufacturing system in comparison to the previous systems.  
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2 Literature review 

In this chapter, previous works in the topic of KPIs and Cyber-Physical systems 

will be reviewed.  

2.1 Current state of manufacturing systems  

Since the beginning of the industrialization over a hundred years ago, the boundaries have been 

pushed further and further on what can be achieved in the production environment. In those 

early hours of industrialization, the most important aspect was mass production. Creating the 

product as fast as possible to meet the demand. Nowadays that has changed. The consumer is 

increasingly interested in not only cheap, mass produced, parts but also in customized products 

to their liking. This could be from size of the product, colour or even smell. From the consumers 

eyes this is of course given that more features to the product should be available, however from 

the production side the task of mass production of personalize products can be immensely 

difficult. [1] These changes in the demand have created a scenario where traditional methods 

of production are not enough. 

Looking further into these demands, some pointers on where the industry is heading can be 

seen. One of the biggest drivers is the Information Technology (IT) advancements that have 

been researched. Incorporating advanced programs into the workflow of the production process, 

which creates many positive aspects such as time reduction and traceability in the development. 

[2] 

These challenges push forward the development and create the modern manufacturing 

paradigms. 

2.1.1 Modern factory paradigms 

There have been several paradigms over the past years but most recent ones are enabled by the 

Internet of Things and its industrial application; Industry 4.0. Where the focus is having 

machines and tools connected, either together or via a central management for the higher levels 

of the chain. Focusing on having a Smart Factory where the product contains the information. 

Creating a centralized information point means agile thinking, going back to make changes for 

improved product functions and quality.  A step further are machines which can evolve by 

themselves, Evolvable production systems, flexible manufacturing system as well as 
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reconfigurable manufacturing systems have this aspect. The trends can be seen in Figure 2. [1] 

[3] [4] 

 

Figure 2: Paradigm evolution 

The biggest paradigms build upon the Internet of Things as well as the aspect in which each 

component in the system should be able to send and receive commands from other components. 

This all is reflected on the paradigms as they are about the interaction between those 

components. Paradigms such as the reconfigurable production system where machines and their 

position can quickly change in the process line to create the best quality possible out of the 

machines available [5]. Similar tactics are present in the evolvable production systems where 

the system should improve over time [4]. 

 

2.1.2 Industry 4.0 

 

The first industrial revolution started basic machinery without electricity to be powered steam 

and water were used. This mayor step from manual labour to machines made production 

cheaper as the manpower needed was reduced as well as more complicated with machines that 

needed to be taken care of. These mechanical systems could be everything from hole punches 

to sewing, creating improvements not only for the manufacturers but also quality improvements 

for the customer or users. The second industrial revolution is on a very different route, now 

technological advancements were the push. Creating engines that would have a huge impact on 

the manufacturing and production. The social aspect was also greatly improved with water and 

sewage systems widely spreading out. The third industrial revolution was focused on the 
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information gathering and analysis, having traceability and being able to create new better 

product from feedback from the systems at hand. This created an opportunity for the 

manufacturing and production spaces to incorporate big data and centralized information 

gathering for simpler data analysis. The fourth industrial revolution continues to push the 

industry forward by incorporating the Smart connected systems where factories can send and 

receive information via the cloud. Having smart products where the information is connected 

and easily accessible. Creating modular evolvable production systems where problems are 

easily seen a can be handled with. [6] [7]. 

 

Figure 3: The four Industrial revolutions 

Industry 4.0 creates an opportunity for higher customizability in the approach of creating a 

factory. Enabling more factories to become an alternative for many as the system is more 

efficient both in terms of resource productivity as well as efficiency [8]. This will in turn also 

help the manufacturing industry in a country as outsourcing will be less of an option. 
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2.2 Cyber-Physical systems 

 

As the name, Cyber-Physical, hints it is a system which has both physical components as well 

as Cyber components, where Cyber refers to the connection to an interconnected network of 

devices. The collaboration Cyber-Physical production describes a system which has both of 

these components and therefore the production facility has both in house components, as well 

as connected components. The goal of the Cyber-Physical systems is to reduce risk and increase 

availability of information and data available. This is done by having the sensors as well as the 

manipulating PLC systems locally in the factory, whereas the control and monitoring can be 

done via the internet. This makes the factory manageable where ever the operators are, globally 

via the internet connection. 

The connection between the globally digital and locally physical is described as a Cyber-

Physical Production system. Several factors from each part have correlation to another and the 

Cyber-Physical systems converges these together even more.  

 

Figure 4:  Convergence of physical and virtual worlds 

This convergence aids in the evolution that is the move to the virtual manufacturing, being able 

to predict outcome from simulations. However, each Cyber-Physical Production system is 

different from another in terms of the technologies used. To tackle this a few points are made 
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which we can understand to better assess the strength of the Cyber-Physical production system. 

This assessment is done by viewing three main parts of the system: 

 Intelligence (Smartness), machines ability to sense surrounding machines and sensors 

 Connectedness, ease of connecting new entities to the system 

 Responsiveness, speed of changes according to control signals.  

A functioning Cyber-Physical Production system needs to have these three characteristics to be 

able to function as intended for a Cyber-Physical system.  

Continuing on to the collection of data Cyber-Physical production systems have a different 

hierarchy to the automation than traditional production systems. As the control is made on the 

internet this means that the connections between the machines are different. 

 

Figure 5: Cyber-Physical based automation change 

The hierarchy is more towards independent nodes than before. The connections between the 

machines are loosely coupled. [9] 

2.2.1 Big data 

The term Big Data refers to the connected pool of knowledge and data that is accessible to 

several consumers. The Big Data concept has its roots in the analytics, where the purpose is to 

have enough data to be able to create better decisions. However big data has its grounds in the 

fast-evolving social platforms where we have Facebook, Twitter and similar services. These 

services create massive amount of data compared to a few years ago. The difference that created 

the name Big Data is firstly the volume of data which is doubling each period of time. Secondly 
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the speed of the received data is increasing to being real time or close to real time. Thirdly is 

the type of data, moving from specified data to messages with timestamps, updates and images. 

These three points created enough of a change for the word analytics to be left behind, creating 

the concept of Big Data [10]. The three changes and their expanse is shown in Figure 6, adapted 

from [11]. 

 

Figure 6: The three Vs of Big data 

 

The implementation of a Cyber-Physical production system also implies the connection of a 

big number of sensors and devices to the network. With this increase the system will also 

receive an increase in data flow due to those added devices [11].  

 

2.2.2 Smart factories 

A Smart Factory is an enabler for Cyber-Physical systems and in turn uses technologies such 

as Industry 4.0 and Big Data. As described by the definition in [12]: 

“A Smart Factory is a manufacturing solution that provides such flexible and adaptive 

production processes that will solve problems arising on a production facility with dynamic and 

rapidly changing boundary conditions in a world of increasing complexity” 

The description incorporates two views of what the Smart Factories are. The first describes the 

evolvable manufacturing where the system behaves differently due to the data it receives. This 

self-awareness comes from the data analytics which reads and interprets sensor and device data 

which is acquired in the system. The second view grounds itself on the ability of incorporating 

two different approaches to the factory, both industrial as well as nonindustrial. This complex 
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cooperation could make a factory smart. Smart factories needs to be agile as well as 

transformable. [12] 

2.2.3 Distributed intelligent architectures 

New manufacturing paradigms push the technologies to be smaller and more compact. The 

creation of many small computational units instead of one big is a trend which comes with the 

fourth industrial evolution. These decoupled units together create a big network of information 

and control, therefore the importance of a grouping these small units increases. Distributed 

software architectures combine two software approaches, the first one divides the 

computational power to each unit creating a self-contained unit which does its own 

computations on its own Central processing unit (CPU). The second one combines the 

collective intelligence of the units to create more knowledge about the surroundings. The 

combination of these two software objectives creates distributed intelligent units that can both 

work on their own but also combine information with other units to aim for a common goal.  

Having each entity encapsulated also makes expandability as a built-in feature. [13] [14] [15] 

To enable the transfers of information to these self-contained units a service oriented 

architecture (SOA) is applied. A SOA encapsulates the lower level controls creating 

interoperability to the data. This in turn helps create a more flexible architecture with 

opportunity to use different programming languages. By using the right programming for the 

right application, the processes can be done faster as well as more reliable depending on the 

task. [13] 

The SOA relies on services on the unit to know what each unit is capable of. Units can be both 

service providers and service consumers depending on the tasks assigned. [15] For units to be 

able to communicate with each other the need for a channel appears. An Enterprise Service Bus 

(ESB) is what is commonly used in these cases. The ESB facilitates the ability for the 

interactions safely and reliably to the services. Services are defined as tasks or applications. The 

ESB also contributes with routing the messages, deciding the destination during the transport 

of the message. The ESB can also have security measures such as encryption as well as 

decryption. Logging is another feature, as well as support for transactions. [16] 

The time perspective is a difficult matter in distributed intelligent architectures. This is due to 

the inability to send messages and receive them without delay. This delay is not an issue in the 

units themselves as they can be controlled real-time, however when communicating over the 

ESB time can pass before the messages are received. To tackle this minor problem the creation 
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of event driven SOA is created. Event Driven SOA rely on the occurrence of an event to trigger 

services. These services can in turn perform simple tasks or entire enterprise processes. This 

comes from the incorporation of Event Driven Architecture (EDA) where an occurrence of an 

event triggers other events. An event can be any notable thing outside or inside the business. 

When an event occurs, all interested systems react to that event. As this is very loosely coupled 

the sender of the event may only know that they sent the message but not to what other systems 

or services transpired because of the event. [17] [18]  
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2.3 Industrial standards 

Managing quality as well as repeatability is a difficult task to achieve without strict control. 

Standardization strives to reduce the needed control to achieve the same or increase the quality 

of the service or products. This is done by making the workflow and other processes 

documented thoroughly, creating generally uniform instructions. With these instructions, a 

reduction of the deviation, increase of the quality and increase in repeatability of the process 

can be made. [19] 

2.3.1 ISA-95 

The American National Standard ANSI/ISA-95 [20] [21] [22] [23] includes a series of 

standards describing different parts in manufacturing and automation. The standards help in the 

development of an automated interface between enterprise systems and control systems found 

in factories. The series is divided into parts where each describes how to approach the 

information that is to be exchanged.  

The ISA-95 standard divides the functional automation hierarchy, see left part of Figure 5, into 

five levels. These levels are divided due to their function as well as their timeframe. 

 LEVEL 0 - Represents the actual physical processes, such as sensors 

 LEVEL 1 - Represents the functions of sensing and manipulating the processes, this 

includes sensors and actuators 

o Timeframe of seconds or faster at level 1 

 LEVEL 2 - Represents the functions of monitoring and controlling the physical 

processes 

o Timeframe of hours, minutes, seconds and sub-seconds 

 LEVEL 3 - Represents the functions of the workflow that produces the end-product, 

this includes keeping records as well as coordinating needed processes. 

o Timeframe of days, shifts, hours, minutes and seconds 

 LEVEL 4 – Represents the business end of the functions, those that manage the 

manufacturing organization. This includes basic plant scheduling tasks. Information 

from level 3 is vital for level 4 functions.  

o Timeframe of months, weeks and days 

The ISA-95 standard only represents the level 3 and level 4 activities in terms of information 

flow. Level 0, 1 and 2 are not included.  
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To address what role level 3 and level 4 has on the physical equipment. The standard divides 

the roles of the organization, see Figure 7. The highest level is the enterprise which includes 

managing what products will be manufactured, where these products will be manufactured as 

well as how they will be manufactured from an overview perspective. The site level can be a 

physical, geological or local grouping decided by the enterprise. Sites have defined capabilities. 

Level 4 functions at the enterprise and site level. Here the activities are to manage the enterprise 

as well as the sites as well as optimization. Level 4 tasks can sometimes also include planning 

and scheduling of areas, work centres and work units. 

 

Figure 7: ISA-95 example of roles for level 3 and level 4 

 

Level 3 activities mostly occur on the lower levels of this hierarchy. The areas are similar in 

definition to the site but are defined by the site. Areas have capabilities and capacities which 

are used by the level 3 and level 4 planning and scheduling. Lower levels of the hierarchy 

include work centres as well as work units below that. It is here the physical equipment is, 

defined by the user of the area. 

The information flow between functions as well as level 3 and level 4 is also defined in the 

ISA-95 standard. The functional data flow is shown in Figure 8. The dividing line shows the 

interface between level 4 activities and level 3 activities. The line shows that Manufacturing 

operations and control (Level 3) are in some parts of the enterprise functions. This is due to that 

some activities in the enterprise level have sub-functions that may be in the domain of the 

Manufacturing operations and control. The functions represented are those that have dataflows 

through the boundary of the two levels. 
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These functions are described in the ISA-95 standard, see Appendix I. 

To help this division the Manufacturing Operations Manager (MOM) is defined to encompass 

those functions that control the personnel, equipment, material and energy in the conversion of 

raw materials and/or parts into products. These operations can be for physical equipment, 

information system or even humans. These tasks are associated with the manufacturing facility.  

The MOM is divided into categories that fit inside the boundaries of the functional model. 

Those categories can be seen in Figure 9. The categories are as follows in the ISA-95 standard: 

 Production operations management 

 Inventory operations management 

 Maintenance operations management 

 Quality operations management 

 

Figure 8: ISA-95 Functional model of data flow between processes at level 3 and level 4 
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Figure 9: ISA-95 Manufacturing Operation Management model 

The four MOM categories have their information confined to four areas of production. These 

areas are schedule/request information, performance/response information, definition 

information and capability information. For the Product operations management, these areas 

are as follows according to the ISA-95 standard:  

 Production schedule: 

o This area contains information about schedules of the production of the product. 

A production schedule is a request for production (can be several requests), each 

request is for a single product. 

 Production performance: 

o This area contains information about actual production of the product. This is 

the performance of producing the requested production requests. It consists of 

one or several production responses which are associated with the production 

request. 

 

 

 

 Production capability: 
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o This area contains information about the capability to produce the product. This 

contains the information about all resources for the production for selected times 

and includes a collection of personnel, equipment, material and process segment 

capabilities. 

 Product definition: 

o This area contains information required to produce the product. The product 

definition includes information about the bill of material (BOM), bill of 

resources (BOR) and product production rules. The product production rules 

give an instruction on how to perform the operation and is production dependent. 

At these areas, the information between level 4 and level 3 are exchanged. Some areas overlap 

between the categories creating opportunities for combining the information from each category 

for more in-depth analysis of the information. 

Continuing with production operation management and the data flows can, according to the 

ISA-95 standard, expand the activity model to Figure 10. It is here data flows for the enterprise, 

represented in the four categories, as well data flows for the lower levels of the production 

facility (level 1 and level 2 activities) are. Internal data flows in between the functions are also 

visualized. 

The KPIs belong to the production performance analysis function and therefor get their 

information from both production tracking and production data collection. The production data 

collection will provide the needed information from the sensors and actuators at the lower 

levels. The production tracking will provide alerts.  
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Figure 10: ISA-95 Activity model for production operations management 

2.3.2 ISO 22400 

The International Organization for Standardization (ISO) 22400 [24] [25] is a standard which 

defines KPIs in manufacturing. Creating a standardized way of the creation of KPIs as well as 

making them uniform brings benefits for the industry. A standardized way of comparison 

between different companies as well as long term review can be made. 

ISO 22400 works in conjunction with ISA-95 for the definition of the KPIs in three sorts MOM 

industries; batch, Continuous and Discrete. ISO22400 gives the criteria for the KPIs, See 

Appendix II. 

The standard also gives the appropriate way of documenting and establishing the KPIs, this is 

done through a table where the KPI is structured as well as described. The example table, from 

ISO 22400, is shown in Table 1. An important part of this diagram, but not necessary, is the 

effect model diagram. By creating a model of the relationships as well as the dependencies it 

becomes simple to correlated where the data for a specific KPI is coming from, defining which 

metrics are important for that calculation. It also gives a brief overview of the correlation with 
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other KPIs. The model is divided into three correlated parts; the processes, the data from those 

processes as well the KPIs and the data the KPIs use. An example of this model can be seen in 

Figure 12. 

Table 1: ISO 22400 KPI description table 

KPI description  

 

Content: 

 

Name Name of the KPI 

ID User defined unique identification of the 

KPI in the user environment 

Description Brief description of the KPI 

Scope The element which the KPI is relevant for, 

this can be a work unit, work centre, 

production order, product or Personnel 

Formula The mathematical formula in terms of 

elements 

Unit of measure The unit or dimension of the KPI  

Range The upper and lower logical limits 

Trend The improvement direction, higher is better 

or lower is better 

 

Context: 

 

Timing If the calculation is in real-time, on demand 

or periodically 

Audience The user group, can be Operators, 

Supervisors or Management 

Production methodology Which methodology the KPI can be suited 

for, Discrete, Batch or Continuous 

production 

Effect model diagram A graphical representation of relationships 

and dependencies. 

Notes Additional information about constraints, 

usage and/or other information 
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The ISO standard also stated a calculation of the effectiveness of KPIs, showing how effective 

a specific KPI is to a specific task. This formula was not detailed enough in the 2014 (most 

recent) version of the standard. The formula uses normalized weighted averages of how well a 

KPI meets the criteria shown in Appendix II, as well as the number of criteria met.  

 

Figure 11: ISO 22400 Legend for effect model diagrams 

 

 

Figure 12: ISO 22400 Effect model diagram Example 
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2.4 Key performance indicators (KPIs) 

2.4.1 Definition 

Key performance indicators are values that show the success factors of the production system. 

A KPI is a measurement of the critical success factors that can both help define and aid to reach 

the goals set in the higher levels of the ISA95 Standard. Using KPIs means having a way of 

measuring progress as well as comparing the progress to the goals. By comparing with the goals 

of the company the KPIs give an indication if the goals have been realized or not. KPIs also 

create a continuous improvement scenario as they are automated in nature. [24] 

There are two ways of reaching the KPIs. The first is the direct way meaning the goals can be 

directly associated with a measurable entity, such as number of finished products. The amount 

of finished product can be measured directly off the production line. The second approach is 

the indirect, where the KPI needs calculations before showing meaningful information. An 

example is the cycle time in a production line, where a calculation between the starting time 

and end time for a product is done. That difference will give the cycle time for a product to go 

through the production. [26] 

The direct approach is often the approach many deem to be the KPIs whereas the second way 

is more in reality of how most KPIs are. This can be illustrated by an onion metaphor, see Figure 

13. If the core of the onion is the needed KPIs then the outer shell are the direct measurements, 

called key result indicator (KRI). The KRI are directly taken form machines and sensors and 

give a set of results that are measurable.  
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Figure 13: KPI onion model 

 

The second inner layers of the onion are what is called performance indicators (PIs). These 

consist of either specific KRIs or a combination of them in an equation. KPIs are the 

collaboration of both the KRIs and the PIs. Creating a KPI means it should show both the 

performance and the results of the goals. Creating a way of seeing what needs to be done to 

improve performance as well as showing them in a quantifiable manner. [27] 

2.4.2 Frequently used KPIs  

An investigation by the Manufacturing Enterprise Solutions Association (MESA) was 

conducted to see what the most used KPIs were in the industry. [28] These KPIs are divided 

into their respective categories. There was a total of 27 KPIs whereas the most relevant ones 

for this project are displayed in Table 2 
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Table 2: Most used KPIs in general 

KPI Category KPI name Description 

Improving Quality First Pass Yield Indicates a percentage of products that are 

manufactured correctly and to specifications 

the first time through the manufacturing 

process without scrap or rework 

Improving Efficiency Throughput Rate Measures how much product is being 

produced on a machine, line, unit, or plant 

over a specified period of time 

Improving Efficiency Availability Indicates how much of the total 

manufacturing output capacity is being 

utilized at a given point in time. (included in 

OEE) 

Improving Efficiency Overall equipment 

efficiency (OEE) 

This metric is a multiplier of Availability x 

Performance x Quality, and it can be used 

to indicate the overall effectiveness of a 

piece of production equipment, or an entire 

production line 

Reducing Costs & 

Increasing 

Profitability 

Energy 

consumption 

A measure of the cost of energy (electricity, 

steam, oil, gas, etc.) required to produce a 

specific unit or volume of production 

 

These KPIs require data from several processes and machines, acquiring this data in a Cyber-

Physical system is many times simpler than traditional manufacturing sites due to the connected 

nature of Cyber-Physical systems.  

Another view of the most common KPIs is given in terms of the visual process, meaning what 

is important to show on the screens that the different departments see [29]. These are shown in 

Table 3 
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Table 3: Common KPIs for visual use 

KPI Name Description 

Count (good or bad) This metric relates to the amount of product 

produced. The count typically refers to 

either the amount of product produced since 

the last machine changeover or the 

production sum for the entire shift or week.  

Scrap ratio Production processes occasionally produce 

scrap, which is measured in terms of Scrap 

ratio. Minimizing scrap helps organizations 

meet profitability goals so it is important to 

track whether the amount being produced is 

within tolerable limits. 

Throughput Rate Machines and processes produce goods at 

variable rates. When speeds differ, slow 

rates typically result in dropped profits 

while faster speeds affect quality control. 

This is why it is important for operating 

speeds to remain consistent. (Same as in 

Table 2) 

Target Many organizations display target values for 

output, rate and quality. This KPI helps 

motivate employees to meet specific 

performance targets. 

Takt Time Takt time is the amount of time, or cycle 

time, for the completion of a task.  

Overall Equipment Effectiveness (OEE) Same as in Table 2 

Downtime Downtime is the result of a breakdown or 

simply a machine changeover. When 

machines are not operating the company can 

be of risk to loss. 
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Both ways are important to investigate as both are important in a factory which has different 

departments. It shows that KPIs are different for different companies even though the 

definitions are the same, but also that some KPIs stay the same throughout.   
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3 Test Case: Scania 

This chapter will go through the process of understanding the test case as well as 

explain the methodology of the acquisit ion of the data. 

3.1 Scania Pedal Car Line 

The pedal car line in Scania has several purposes and is constructed in a way that reflect those 

criteria. The first purpose is to act like an experimental platform to test new systems on, this 

can be new tools and their control systems or new machines. The second purpose is to act like 

a showcase room to show the most recent developments at Scania, meaning that the pedal car 

line should show the best of the best in terms of both processes and machines, as well as control 

systems.  

The third but not the least is that the pedal car line acts as an introduction to new employees. 

Here the new recruits will be though about the main concepts of production, such as the KanBan 

system as well as the pillars of the Scania Production system. Furthermore, the pedal car line 

also teaches the new recruits how the assembly works step by step as they themselves are 

supposed to create the assembly line that creates the Pedal Cars. This includes both assembly 

of new pedal cars as well the disassembly of already created ones, all in the purpose of teaching 

the main workflow that is to be used in the real production later on.  

The pedal car line is made compact to meet all these purposes, containing only four stations in 

the assembly. In this project, we are focusing on the showcase part of the new systems, where 

new employees can see how the data is processed in the new Smart Factory. This part has the 

most advanced technologies, such as the newest power tools as well as computers. It is also this 

part that has recently been upgraded from using advanced tools to using smart tools which have 

the ability to communicate with other systems. 

During the LISA 2 project the implementation of a similar ESB system started at this station in 

Scania. The first implementation is to connect the Power tools to the ESB and from there be 

able to aggregate the data to other systems. In this project that data is acquired for the purposes 

of trying to extract KPIs. The process is inherently different from before as accessing the 

information is now direct instead of adding another system for monitoring purposes. This is 

something that Cyber-Physical systems with sensors and actuators have as advantage to 

traditional systems, equipment is connected and communicating with each other already. 
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The pedal car line had no automation previously. This in terms means that any data flow was 

done manually either via personnel or via paper.  

3.2 Acquired data 

There are different ways of calculating the quality for both the data and the processes. In this 

project, the data was output directly from the controller PLC system of the tools. A small 

amount of extracted data is shown in Appendix III. From this data, we can analyse the results 

and see which KPIs are possible. The setup of the system relies on the ESB, which connect the 

endpoints together. The endpoints are containers for the services and devices that are available 

in the system. Endpoints can be of different varieties; Virtual endpoints include services which 

can aggregate, transform and store data. Device endpoints acts as a connection for sensors, 

actuators and other physical equipment to the ESB. The connections are shown in Figure 14. 

The endpoints communicate with each other by a publish and subscribe strategy. The endpoints 

subscribe to the data that they need; this is done by subscribing to a channel from another 

endpoint. The publishing endpoints create the data, which are messages, that are on the ESB.  
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Figure 14: LISA 2 ESB architecture 

The test case for the data received in this project is made up of power tools from Atlas Copco. 

These tools are pneumatic in nature and have a connection to their own PLC System. The PLC 

system acts as the input and output of the tool. In Scania, the used PLC system is called Power 

Focus by Atlas Copco. The system controls the tool with many different pre-programmed 

programs. The tool sends data to the PLC in real time meaning a constant data flow is being 

transmitted. The Power Focus can also be connected via another interface. By doing this it is 

possible to extract data from the tool, however the commands are event driven. This in turn 

means that by requesting data one gets a snapshot of the data sent by the tool in that exact time. 

The data in this project is taken from this operation. The output in the system is a long string 

with all the information bunched together. By dissecting this string, the desired data can be 

gathered.  

The tools used are for tightening bolts and have quick attachments for different bolts. As this 

was done for research purpose the data is not from actual production, this does not affect the 
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outcome of the project as the same sort of data will be transmitted if the tools were to be used 

in a production line. 

3.3 Data identification 

Starting by looking at the data received the investigation of the different tabs can begin. These 

represent the data that the system puts out for each tool.  

Table 4: Data description 

Name Description 

Unit The Unit data represents the name of the tool in use. This 

also includes in which cell the tool is being used in 

Program The Program data represents which tool program is being 

used. 

Program version Time This data represents the time the program was used. 

Bolt This data includes which bolt head is being used. 

Cp Process Capability Index 

Cpk Critical Process Capability Index 

Torque mean The average amount of torque given by the tool 

Torque min The minimum amount of torque given by the tool 

Torque max The maximum amount of torque given by the tool 

Angle mean The average amount of the angle of the tool 

Angle min The minimum amount of angle 

Angle max The maximum amount of angle 

Rundown angle mean Average rundown angle of the bolt/screw 

Rundown angle min Minimum rundown angle for the bolt/screw 

Rundown angle max Maximum rundown angle for the bolt/screw 

Total Total amount of operations 

OK Count Number of OK operations 

NOK Count Number of Not OK operations 

OK Repaired Count Number of repaired operations 

OK % Percentage of OK operations 

NOK % Percentage of Not OK operations 

OK Repaired % Percentage of Repaired Operations 
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In the quick guide for the Power Focus by Atlas Copco [30] the torque control curve shows 

many of the entities shown in Table 4. The control curve can be seen in Figure 15. The figure 

is divided into two curves, one for Torque over Angle and the other with Tool Speed over Time. 

This indicates the way the tool applies its tightening. 

 

Figure 15: Torque Control curve for Power Focus controller by Atlas Copco 

This control curve shows that the operation has a success window. This square can be changed 

to meet the required effect of the tool. 
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3.4 Data planning 

Given the data, division into several categories is appropriate. 

Starting with the data received, creation of the relationships to the processes is done. Continuing 

from that the resulting effect model diagram that shows the base processes and their 

relationships can be seen in Figure 16. The Work Unit is the tool and where most of the data 

comes from. Some data are more static than others, changing less frequently. The Unit is only 

changed during a tool change no actual calculations need to be made. The Program version time 

changes during program changes, meaning in real production changes are made to create 

improvements or to address an issue. The Torque, Angle and Rundown Angle are real time 

measurement from the tool. They are in constant change. The same constant change is applied 

to the Measurements data done by the Inspection Order which get their data flow from the Work 

Unit. In the Inspection Order the limits which define the acceptable levels are provided. The 

upper and lower specification limits indicate when the measurements are above or below the 

specification. Specification limit data is static and does not change unless it is made by the 

management level. 

The work unit also outputs the OK Count, NOK count, OK repaired count as well as Total. 

These are measurement which the tool outputs during operation. These data points are 

calculated internally in the tool and are pre-defined from management departments. 

The figure shows the program data is singled out due to its nature being pre-programmed. This 

also means that changes can more easily be made to the Program in comparison to the data 

entities connected directly to a physical entity such as the Work Unit. 

The figure is however missing some data. This is due to the data being calculated afterwards, 

as the Power Focus can create its own calculations. The Atlas Copco system is not open sourced 

as the ESB and LISA 2 project strives for and requires to function as intended. This means that 

finding the source of the data is vital to the recreation of it in the new Smart Factory which 

Scania strives to implement. Interoperability is key in creating such a system. 

The creation of the PIs and KPIs is the aggregation of data that is available to the system. In 

this case some PIs and KPIs are already aggregated, such as the Cp and Cpk as well as the 

percentage calculations. An expanded effect model diagram is created to show the relationships 

of the KPIs in the data received. This can be seen in Figure 17 and Figure 18. The functions are 
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displayed by the f(x) icons. Each function provides new data that can be used to help 

management departments with decision making. 

 

 

Figure 16: Effect Model diagram of received data 

The functions for process capability index (Cp and Cpk) are described by KPI descriptions in 

Table 5 and Table 6 . It is the combination of Measurements, USL and LSL. 
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Table 5: KPI: Process capability index (from ISO 22400) 

KPI description  

 

Content:  

 

Name Process capability index 

ID Cp 

Description The process capability index is the dispersion between the 

process measurements and the specification limits (LSL, 

USL). The dispersion is measured by the 6σ process. 

Scope Product, work unit, characteristic and series of 

measurements 

Formula 
 

Unit of measure N/A  

Range Min: 0 

Max: Infinite 

Trend Higher is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch, Continuous 

Effect model diagram Part of Figure 17 

Notes The index indicates statistically if the product is produced 

correctly.  

The process is deemed capable if Cp > 1.33 

Measurements need to be done during regular intervals 
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Table 6: KPI: Critical process capability index (from ISO 22400) 

KPI description  

 

Content:  

 

Name Critical Process capability index 

ID Cpk 

Description The critical process capability index is the dispersion 

between the process measurements and the specification 

limits (LSL, USL) as well as the average of averages ( ). 

The dispersion is measured by the 3σ process as well as the 

average of averages. 

Scope Product, work unit, characteristic and series of 

measurements 

Formula 

 

Unit of measure N/A  

Range Min: 0 

Max: Infinite 

Trend Higher is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch, Continuous 

Effect model diagram Part of Figure 17 

Notes The index indicates statistically if the product is produced 

correctly.  

The process is deemed capable if Cpk > 1.33 

Measurements need to be done during regular intervals 
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The three functions for percentage calculation of OK, NOK and OK repaired are also identified 

and brought into the effect model diagram. Although these calculations are easier in nature, 

only requiring one calculation that compares the Total to the respective count. 

Table 7: KPI: Percentage calculations OK 

KPI description  

 

Content:  

 

Name OK percentage 

ID OK % 

Description The amount of operations which produce an acceptable 

result in comparison to the total amount of operations made. 

The OK count divided by the Total data. 

Scope Work centre, work unit 

Formula OK count / Total 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Higher is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch, Continuous 

Effect model diagram Part of Figure 17 

Notes Quickly shows if a unit is working as intended 
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Table 8: KPI: Percentage calculations NOK 

KPI description  

 

Content:  

 

Name NOK percentage 

ID NOK % 

Description The amount of operations which produce an acceptable 

result in comparison to the total amount of operations made. 

The NOK count divided by the Total data. 

Scope Work centre, work unit 

Formula NOK count / Total 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Lower is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch, Continuous 

Effect model diagram Part of Figure 17 

Notes Quickly shows if a unit is not working as intended 
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Table 9: KPI: Percentage calculations OK Repaired 

KPI description  

 

Content:  

 

Name OK Repaired percentage 

ID OK Repaired % 

Description The amount of operations which produce an acceptable 

result in comparison to the total amount of operations made. 

The OK repaired count divided by the Total data. 

Scope Work centre, work unit 

Formula OK repaired count / Total 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Higher is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch, Continuous 

Effect model diagram Part of Figure 17 

Notes The percentage shows if the issues (NOK operations) are 

easily fixable. 

 

The remaining calculations made for the Angle torque and Rundown angle are time dependant 

as well as count dependant. For the Minimum calculations compare previous data with current 

data and decide if the previous is higher or lower. After the comparison save the lowest number 

to the minimum variable. For the maximum data compare and save the highest data instead. For 

the mean the calculation adds all the data points and divide with the amount of data points. 

Programming these calculations requires simple code which is shown below. The current is the 

current readout, the min and max are variables which will have our min and max values. 

Measurements variable is a matrix which will include all measurements for an operation. 
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Length is a command used in most programming languages, it gives the amount of points in a 

matrix. Sum is a command which adds all points in a matrix together.  

For Minimum calculation, the decision making could be: 

IF min > current THEN{ 

 Min = current } 

For Maximum calculation, it could be: 

IF max < current THEN{ 

 max = current } 

For Mean calculation, it could be: 

measurements = [measurements , current]  

mean = Sum(measurements) / length(measurements) 
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Figure 17: Effect model Diagram for received data with KPIs 1 
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Figure 18: Effect model Diagram for received data with KPIs 2 
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3.5 Data creation 

Combining this information with the information in Table 2 and Table 3 the creation of 

additional KPIs can be initiated. From Table 10 the conclusion can be made that the addition 

of OEE as a KPI creates a big amount of insight into the business due to its use of data from 

several processes. Another important metric is Energy consumption which ties in with the 

amount of used resources in the factory. The takt time, target and Count are useful visual 

indicators for workers as well as supervisors. 

Table 10: Combined KPIs 

KPI Description/Relevance 

First Pass yield This KPI share similarities with OK percentage 

Throughput Rate The creation of this KPI requires in addition to the Count and time 

Availability Included in OEE calculations 

Downtime Included in OEE calculations 

OEE Requires time data to be calculated. Based on the loss time model 

Energy Consumption Combines time and amount of consumed energy. 

Scrap ratio This KPI share similarities with NOK percentage 

Count The Count is the same data as OK count or NOK count 

Target A target specified by production scheduling 

Takt Time Indicates the cycle time of a process 

 

To further understand the differences between these KPIs and the ones in the received data 

additional KPI descriptions are created for the above mentioned additional KPIs. The Count, 

Target and Takt Time are excluded from the KPI descriptions as they are more direct data that 

does not rely on any calculations. The target as well as Takt time are created by the Planned 

Operational time process. The count is given automatically in the test case by the tool. 
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Table 11: KPI: First pass yield (from ISO 22400) 

KPI description  

 

Content:  

 

Name First pass yield 

ID FPY 

Description The first pass yield indicates the percentage of products that 

have meet quality requirements from the total of inspected 

products(IP). Products which meet quality requirements are 

named good product (GP) 

Scope Product, work unit, production order, defect types 

Formula FPY = GP / IP 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Higher is better 

 

Context: 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch 

Effect model diagram Part of Figure 19 

Notes Identification(ID) of each part is necessary. 

Does not fit with continuous production as the production 

needs a start and a finish amount. 
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Table 12: KPI: Throughput rate (from ISO 22400) 

KPI description  

 

Content:  

 

Name Throughput Rate 

ID Throughput rate 

Description Performance of the production process. Calculation made by 

comparing produced quantity (PQ) with actual order 

execution time(AOET). 

Scope Product, production order, site 

Formula Throughput rate = PQ / AOET 

Unit of measure Quantity unit / Time Unit 

Range Min: 0 

Max: product-specific 

Trend Higher is better 

 

Context: 

 

Timing On demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, Batch 

Effect model diagram Part of Figure 19 

Notes Calculated per order, after the order is finished. It is 

therefore not possible for real time calculations. 

 

The Scrap ratio is an essential measurement as it depicts how much of the produced product is 

not going to be of use. This metric is used for calculations of efficiency as well as costs.  
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Table 13: KPI: Scrap ratio (from ISO 22400) 

KPI description  

 

Content:  

 

Name Scrap ratio 

ID Scrap ratio 

Description Scrap ratio is the ratio of scrap quantity (SQ) in comparison 

to the produced quantity (PQ). 

Scope Work unit, product, production order, defect types 

Formula Scrap ratio = SQ / PQ 

Unit of measure % 

Range Min: 0% 

Max: 100% 

Trend Lower is better 

 

Context: 

 

 

Timing Real time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, continuous, Batch 

Effect model diagram Part of Figure 19 

Notes Often used for commercial ratings  

 

First pass yield, throughput rate as well as Scrap ratio processes are shown in Figure 19. 
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Figure 19: Effect model diagram of FPY, Throughput rate and Scrap ratio 
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Table 14: KPI: Overall Equipment Effectiveness (from ISO 22400) 

KPI description  

 

Content:  

 

Name Overall Equipment Efficiency 

ID OEE 

Description The OEE combines the availability, the effectiveness and the 

finished goods ratio. The produced index indicates the 

efficiency of machines or complete assembly lines, 

Scope Product, work unit, defect types 

Formula OEE = Availability * Performance rate * Finished goods 

ratio  

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Higher is better 

 

Context: 

 

Timing On demand or periodically 

Audience Supervisor, Management 

Production methodology Continuous, Batch 

Effect model diagram Part of Figure 21 

Notes The OEE creates a better way of identifying where 

improvements can be done in a production environment. 

 

Finished goods ratio is a measure which compares the good 

quantity amount (GQ) with the consumed material (CM) 

quantity by the product. 

 

The OEE requires an understanding of the time losses that are in a production environment. 

The timing model is divided into two parts, planned time and actual time. Planned time shows 

the scheduling made to the work unit by management departments. Actual time shows the 

additional losses on the shop floor. These divisions can be seen in Figure 20. 
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Figure 20: OEE time model (from ISO 22400) 

The Availability as well as Performance ratio KPIs are defined from the OEE time model. These 

KPIs are described by Table 15 and Table 16. 
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Table 15: KPI: Availability (from 22400) 

KPI description  

 

Content:  

 

Name Availability 

ID A 

Description The Availability shows the actual time the equipment is 

available for usage. The calculation compares the actual 

utilized time (OPT) with the loading time (LT) 

Scope Work unit 

Formula A = OPT / LT 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Trend Higher is better 

 

Context: 

 

Timing On demand or periodically 

Audience Supervisor, Management 

Production methodology Continuous, Batch 

Effect model diagram Part of Figure 21 

Notes Also called usage grade 
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Table 16: KPI: Performance ratio (from 22400) 

KPI description  

 

Content:  

 

Name Performance ratio 

ID P 

Description Performance ratio calculates the actual operating time by 

comparing the Net operating time (NOT) with the Operating 

Time (OPT) 

Scope Product, work unit, production order 

Formula P = NOT / OPT 

Unit of measure %  

Range Min: 0% 

Max: 100% 

Results can be more than 100% if the planned production 

time is more than the actual production time. 

Trend Higher is better 

 

Context: 

 

 

Timing Real-time, on demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Continuous, Batch 

Effect model diagram Part of Figure 21 

Notes Represents the gap between the target cycle time and the 

actual cycle time, showing the speed loss. 

 

Combining the data and processes of the OEE calculations a new effect model diagram can be 

drawn for the KPI. Figure 21 is the result. It is apparent from the effect model diagram that the 

OEE uses data from processes from several departments. This means that the results will be 

more comprehensive than if all the data was from the same source. It also hints at a broader 

view on efficiency. 
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Figure 21: Effect Model diagram for OEE 
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Next is the description of the Energy consumption, for which the KPI description is in Table 

17. Due to the need for energy consumption per production cycle this KPI is not applicable yet 

in the system at Scania as no energy measurements are output by the tools. No further 

investigation of this KPI was done. 

Table 17: KPI: Energy Consumption 

KPI description  

 

Content:  

 

Name Energy Consumption 

ID EC 

Description The energy consumption is the ratio of energy consumed per 

production cycle (E) in comparison to the produced quantity 

(PQ). 

Scope Product, Equipment 

Formula EC = E / PQ 

Unit of measure Watt / amount 

Range Min: 0 

Max: product specific 

Trend Lower is better 

 

Context: 

 

 

Timing On demand or periodically 

Audience Operators, Supervisor, Management 

Production methodology Discrete, continuous, Batch 

Effect model diagram - 

Notes Important for production costs calculations. 

National laws and regulation need to be considered during 

calculations of this KPI.  
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4 Analysis and discussion 

This chapter includes an overview of the project. Discussions around the two levels 

of operation; shop floor and management are also presented. 

4.1 System of investigation 

This project had a systematic way of finding new data and using that data to create information 

to better understand the production system. The used methodology focused on the processes 

already available. By investigating the output data and finding the underlying processes an 

understanding of the available information was made. The process is illustrated in Figure 22. 

 

Figure 22: Data splitting model 
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The needed information to develop new KPIs are the processes and an KPI description in 

accordance with the ISO 22400 standard. 

By identifying the information the system is capable of producing the difficulty of creating new 

metrics is significantly reduced. Simply comparing the data at hand with what is needed for a 

calculation would decide if the calculation is possible or not. This is however highly tied to 

understanding and implementing the standards. The standards create a common base for the 

metrics, only from this base can comparisons be made. 

An example of this are the OK count data given by the tool. This data had a different name and 

description than that of the good product (GP) described by the standard. However, by 

investigating both the conclusion that both these metrics represent the same data can be made. 

Similar confusions will be problematic if a standard is not used as there is no base for how to 

describe the metrics. 

4.2 Shop floor 

In a Cyber-Physical Production system the shop floor is where the physical equipment is 

situated. It is also where the actual production is carried out. With operators at the different 

positions such as quality inspection as well as manual operations. Shop floor KPIs should 

increase worker efficiency as well as show any deviation in the manufacturing process. There 

should be simple to understand alarms, which can be visual indicators, sound alarms or other 

feedback that the operators can identify easily. What is installed on the test cell is a three-colour 

light which indicate if the operation is successful or if there is an error. This light can be used 

to both show the operator as well as the supervisor where the issues are and when they happen. 

In addition to the light alarm for visual use, a display is applicable. The display is best used for 

when percentages or data over time needs presentation. Examples of these indicators can be 

seen in Figure 23.  
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Figure 23: Example of visual indicators 

The data acquired in this project was directly from the shop floor, however the same data was 

not all meant for the operators as it can be seen by the KPI descriptions. Some data is for upper 

management as well as supervisors. This distinction is important to make as the operator may 

not understand some of this data due to lack of training. Confusion could occur if this data is 

presented, therefore is important to tailor the data to the person viewing it. 

With the LISA 2 implementation all data is sent to the bus and therefore all data is available to 

the screens and indicators. This creates a possibility of having the screen show different data 

depending on who is viewing it. The screen could change layout if for example quality control 

personnel are present. This application would also be useful for maintenance personnel as they 

would require less specialized equipment with them. This decoupled view of where the data is 

created and where it is used is what drives the project and implementation at Scania. 

The Smart Tools that are implemented in the test case are providing pre-defined metrics, 

however that does not mean no usable information can be extracted and understood. The first 

pass yield KPI requires the amount of inspected parts for the calculation. That is not needed 

with the smart tools as the tools themselves Inspect the operation they use. By inspecting all 

operations for a product a conclusion can be made that the product is inspected. This in terms 

means that all products that are produced are inspected. The data in this test case is therefore 

exchangeable with the total amount of products produced. 

The metrics needed by the shop floor is inherently different in nature than the data used by 

management departments on one aspect. This difference is the time periods the data is collected 

on. The shop floor personnel are shown direct numbers which show how the system is behaving 

in that exact moment. Such cases can be seen by the Takt time, Target and Count metrics where 

they not only provide valuable information but also inspire competition between operators. 
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4.3 Management 

The LISA 2 changes the layout of information flow drastically compared to previous system 

where no information flow to other systems was done automatically. From the perspective of 

the management the same KPIs are needed to investigate the production. The difference with 

the implementation of an ESB is due to that the information is readily available at all stages of 

management. There is no more a need to go through the control level to access fundamental 

data, as this data is available to the ESB. Figure 24 shows a simplified overview of how the 

decoupling works. This decoupling also gives way of Cyber-Physical Production as the data on 

the ESB can be transmitted to any location. 

The endpoints which include the services which calculate the KPIs can be anywhere, only 

requirement is the connection to the ESB. With the expandability, departments can also be in 

different locations and communicate as if they were in the same building. The manufacturing 

operation management functions are now getting their information from the bus without the 

need to go through the individual PLC systems of each machine. 

 

Figure 24: Overview of Processes 
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The removed need to connect directly to each machine for data also adds another benefit. It is 

simpler to exchange one machine with another as only one endpoint needs to be created. By 

giving the new endpoint the same data the system would stay intact and the old machine can be 

removed.  

The time perspective of the management metrics is spanned over several days and even weeks. 

These metrics are interesting because they show the trends that are happening in the production 

system. Displaying this data is done preferably on computers where messages can be examined 

to find causes of efficiency loss.  
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5 Conclusion and future work 

The conclusion of this project is presented in this chapter. Future development 

and work is also suggested.  

5.1 Conclusion 

The shift from production without automation to the use of smart tools and decentralized 

information system is major and the effects are only beginning to show. These effects are the 

cooperation of the old centralized control systems with the new loosely coupled systems. 

Industry 4.0 strives to drastically change how manufacturing systems operate and this project 

shows that implementation can be simplified by using standards and systematic methods of 

investigation. 

During this project the main goal was to help the implementation of metrics into the new system 

of manufacturing. The goal was achieved by dissecting the data taken directly from the tools 

and understanding the underlying processes. By doing this, new KPIs could be defined to better 

suit the operators and management departments. The results were presented as KPI descriptions 

as well as effect model diagrams for the most important metrics. By the use of standards the 

metrics can be used by different systems with different communication methods as an service 

oriented architecture with event driven features depicts.  

5.2 Future work 

The KPI definitions can be expanded by further investigating the process and the needs of the 

management department at Scania. Additional data from several machines could create a better 

overview of the production and the cells that are in use.  

The implementation of the LISA 2 architecture opens a way to introduce cloud manufacturing 

and self-learning systems which can identify the available services and produce accordingly. 

Further expanding tool capabilities by adding metrics such as energy and material usage directly 

in the tool similarly to the quality inspection that is done automatically now.  
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APPENDIX I: ISA-95 functions 

In this appendix, a copy from the ISA-95 explanation of the functions that are input in the 

functional data flow. 

Production scheduling (2.0) 
Production scheduling functions interface to the manufacturing operations and control system 
functions through a production schedule, actual production information, and production capability 
information. This information exchange is presented in the production control functions. 
Detailed scheduling, within an area, is considered to be a control function. 
The general functions of production scheduling typically include 
a) the determination of production schedule; 
b) the identification of long-term raw material requirements; 
c) the determination of the pack-out schedule for end-products; 
d) the determination of the available product for sales. 
The information generated or modified by the production scheduling functions includes 
1) the production schedule; 
2) the actual production versus the planned production; 
3) the production capacity and resource availability; 
4) the current order status. 

Production control (3.0) 
The production control functions encompass most of the functions associated with manufacturing 
operations and control. The functions of production control typically include 
a) controlling the transformation of raw materials into the end-product in accordance with the 
production schedule and production standards; 
b) performing plant engineering activities and updating of process plans; 
c) issuing requirements for raw materials; 
d) producing reports of performance and costs; 
e) evaluating constraints to capacity and quality; 
f) self-testing and diagnosis of production and control equipment; 
g) creating production standards and instructions for SOPs (standard operating procedures), 
recipes, and equipment handling for specific processing equipment. 

Material and energy control (4.0) 
The functions of materials and energy control typically include 
a) managing inventory, transfers, and quality of material and energy; 
b) generating requests for purchasing of materials and energy based on short- and long-term 
requirements; 
c) calculating and reporting inventory balance and losses of raw material and energy utilization; 
d) receiving incoming material and energy supplies and requesting quality assurance tests; 
e) notifying purchasing of accepted material and energy supplies. 
The functions of materials and energy control typically generate or modify the following 
information for use in other control functions. 
1) Material and energy order requests. 
2) Incoming confirmation of received materials and energy. 
- 37 - ANSI/ISA-95.00.01-2010 (IEC 62264-1 Mod) 
3) Material and energy inventory report. 
4) Manual and automated transfer instructions for operations control. 
Some of the functions within material and energy control may be inside the MO&C domain, 
based on local organizational structures. Therefore, selected data flows into and out of material 
and energy control are presented because they may cross the enterprise-control system 
boundary. 

Procurement (5.0) 
The functions of procuring resources typically include 
a) placing orders with suppliers for raw materials, supplies, spare parts, tools, equipment and 
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other required materials; 
b) monitoring progress of purchases and reporting to requisitioners; 
c) releasing incoming invoices for payment after arrival and approval of goods; 
d) collecting and processing of unit requests for raw materials, spare parts, etc., for order 
placement to vendors. 
The functions of procurement typically generate or modify the expected material and energy 
delivery schedules for use in other control functions. 

Quality assurance (6.0) 
The functions of quality assurance typically include 
a) testing and classification of materials; 
b) setting standards for material quality; 
c) issuing standards to manufacturing and testing laboratories in accordance with requirements 
from technology, marketing and customer services; 
d) collecting and maintaining material quality data; 
e) releasing material for further use (delivery or further processing); 
f) certifying that the product was produced according to standard process conditions; 
g) checking of product data versus customer's requirements and statistical quality control 
routines to assure adequate quality before shipment; 
h) relaying material deviations to process engineering for re-evaluation to upgrade processes. 
The functions of quality assurance typically generate or modify the following information for use 
in other control functions. 
1) Quality assurance test results. 
2) Approval to release materials or waivers on compliance. 
3) Applicable standards and customer requirements for material quality. 
Some of the functions within quality assurance may be inside the MO&C domain, based on local 
organizational structures; for example, quality assurance requests. Therefore, selected data 
flows into and out of quality assurance are addressed because they may cross the enterprise control 
system boundary. 

Product inventory control (7.0) 
The functions of product inventory control typically include 
a) managing the inventory of finished products; 
b) making reservations for specific product in accordance with product selling directives; 
c) generating the pack-out end product in accordance with delivery schedule; 
d) reporting on inventory to production scheduling; 
e) reporting on balance and losses to product cost accounting; 
f) arranging physical loading/shipment of goods in coordination with product shipping 
administration. 
The functions of product inventory control typically generate or modify the following information 
for use in other control functions. 
1) Finished goods inventory. 
2) Inventory balances. 
3) Pack-out schedule. 
4) Release to ship. 
5) Confirm to ship. 
6) Storage requirements. 
Some of the functions within product inventory control may be inside the MO&C domain, based 
on local organizational structures. Therefore, selected data flows into and out of product 
inventory control are used because they may cross the enterprise-control system boundary. 

Product cost accounting (8.0) 
The functions of cost accounting typically include 
a) calculating and reporting on total product cost; 
b) reporting cost results to production for adjustment; 
c) setting cost objectives for production; 
d) collecting raw material, labour, energy and other costs for transmission to accounting; 
e) calculating and reporting on total production cost, reporting cost results to production for 
adjustment; 
f) setting cost objectives for materials and energy supply and distribution. 
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The functions of cost accounting typically generate or modify the following information for use in 
other control functions. 
1) Cost objectives to production. 
2) Performance and costs from production. 
3) Parts and energy incoming to accounting from material and energy control. 

Product shipping administration (9.0) 
The functions of product shipping administration typically include 
a) organizing transport for product shipment in accordance with accepted orders requirements; 
b) negotiating and placing orders with transport companies; 
c) accepting freight items on site and releasing material for shipment; 
d) preparing accompanying documents for shipment (BOL, customs clearance); 
e) confirming shipment and releasing for invoicing to general accounting; 
f) reporting on shipping costs to product cost accounting. 

Maintenance management (10.0) 
The functions of maintenance management typically include 
a) providing maintenance for existing installations; 
b) providing a preventative maintenance program; 
c) providing equipment monitoring to anticipate failure, including self-check and diagnostic 
programs; 
d) placing purchase order requests for materials and spare parts; 
e) developing maintenance cost reports, and coordinating outside contract work effort; 
f) providing status and technical feedback on performance and reliability to process support 
engineering. 
The functions of maintenance management typically generate or modify the following information 
for use in other control functions. 
1) Maintenance schedules that specify the plan for future work orders. 
2) Maintenance work orders that specify specific equipment to be taken out of service and 
made available for maintenance functions. 
3) Diagnostic and self-test requests to be performed on the equipment. 
Some of the functions within maintenance management may be inside the MO&C domain, based 
on local organizational structures. Therefore, selected data flows into and out of maintenance 
management are shown because they may cross the enterprise-control system boundary. 

Marketing and sales (12.0) 
The general functions of marketing and sales typically include 
a) generating sales plans; 
b) generating marketing plans; 
c) setting pricing; 
d) determining customer requirements for products; 
e) determining requirements and standards for products; 
f) interacting with customers. 

Research, development, and engineering (13.0) 
The general functions of research, development and engineering typically include 
a) development of new products; 
b) definition of process requirements; 
c) definition of product requirements, as related to the production of the products. 
d) definition of equipment and resource requirements, as related to the production of the 
products 
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APPENDIX II: Criteria for KPIs 

The criteria for KPIs from the ISO 22400 standard. These points define what a makes a KPI in 

accordance with the standard. 

1. Aligned: the KPI is aligned to the degree to which the KPI affects change in relevant 

higher-level KPIs, where alignment implies a high ratio of the percent improvement 

(assuming positive impact) in important higher-level metrics to the percent 

improvement in a KPI (or KPI set), given no other changes in the system. 

 

2. Balanced: the extent to which a KPI is balanced within its chosen set of KPIs. 

 

3. Standardized: the KPI is standardized to the extent to which a standard for the KPI exists 

and that standard is correct, complete, and unambiguous; the standard can be plant-wide, 

corporate-wide, or industry-wide. 

 

4. Valid: the KPI is valid to the extent of the syntactic (i.e. grammar) and semantic (i.e. 

meaning) compliance between the operational definition of the KPI and the standard 

definition. If no standard exists, then validity is zero. 

 

5. Quantifiable: the KPI is quantifiable to the extent to which the value of the KPI can be 

numerically specified; there is no penalty for the presence of uncertainty, as long as the 

uncertainty can also be quantified. 

 

6. Accurate: the KPI is accurate to the extent to which the measured value of the KPI is 

close to the true value, where a departure from the true value can be affected by poor 

data quality, poor accessibility to the measurement location, or the presence of 

substandard measurement devices and methods. 

 

7. Timely: the KPI is timely to the extent it is computed and accessible in real-time, where 

real-time depends on the operational context. 
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8. Predictive: the KPI is predictive to extent to which a KPI is able to predict non-steady-

state operations. 

 

9. Actionable: the KPI is actionable to the extent to which a team responsible for the KPI 

has the knowledge, ability, and authority to improve the actual value of the KPI within 

their own process. 

 

10. Trackable: the KPI is trackable to the extent to which the appropriate steps to take to fix 

a problem are known, documented, and accessible, where the particular problem is 

indicated by particular values or temporal trends of the KPI. 

 

11. Relevant: the KPI is relevant to the extent to which the KPI enables performance 

improvement in the target operation, demonstrates real-time performance, allows the 

accurate prediction of future events, and reveals a record of the past performance 

valuable for analysis and feedback control. 

 

12. Correct: the KPI is correct to the extent that, compared to the standard definition (if one 

exists), the calculation required to compute the value of the KPI compared to the 

standard definition (if one exists) has no errors with respect to the standard definition. 

 

13. Complete: the KPI is complete to the extent that, compared to the standard definition (if 

one exists), the definition of the KPI, and the calculation required to compute the value 

of the KPI, covers all parts, and no more, of the standard definition. 

 

14. Unambiguous: the KPI is unambiguous to the extent that the syntax (i.e. grammar) and 

semantics (i.e. meaning) in the definition of the KPI lacks ambiguity or uncertainty. 

 

15. Automated: the KPI is automated to the extent that KPI collection, transfer, 

computation, implementation, and reporting are automated. 

 

16. Buy-in: the KPI has buy-in to the extent that the team responsible for the target 

operation, as well as teams responsible for both upper and lower level KPIs, are willing 

to support the use of the KPI and perform the tasks necessary to achieve target values 

for the KPI; includes difficulty of obtaining official approval by management for the 
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KPI. 

 

17. Documented: the KPI is documented to the extent that the documented instructions for 

implementation of a KPI are up-to-date, correct, complete, and unambiguous, including 

instructions on how to compute the KPI, what measurements are necessary for its 

computation, and what actions to take for different KPI values. 

 

18. Comparable: the KPI is comparable to the extent that means are defined to reference 

supporting measurements over a period of time, and a normalizing factor to express the 

indicator in absolute terms with appropriate units of measure. 

 

19. Understandable: the KPI is understandable to the extent that the meaning of the KPI is 

comprehended by team members, management, and customers, particularly with respect 

to corporate goals. 

 

20. Inexpensive: the KPI is inexpensive to the extent that the cost of measuring, computing, 

and reporting the KPI is low.



68 

 

APPENDIX III: Sample data 

In this appendix, a printout of a small sample of data from the power tool. 

 



69 

 

 



70 

 

 



71 

 

 


