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 SAMMANFATTNING 

 

För att vara konkurrenskraftig omfattar fler och fler industrier begreppet industri 4,0 och 

försöker förbättra sina tillverkningssystem. Ett modernt tillverkningssystem är det som ger 

industrin flexibilitet för att omfamna de ständigt föränderliga krav marknaden har. För att vara 

flexibel bör tillverkningssystemet kunna utnyttja data från produktion bättre. Data från 

produktion bör vara tillgänglig i realtid för att underlätta beslutsprocessen. Detta 

examensarbete avhandlar en implementation av en eventdriven arkitektur tillsammans med 

tjänster i en levande produktionsmiljö. 

För detta ändamål analyserades en testmiljö kallad ”trampbils linne” vid Scania Södertälje för 

implementation av Event Driven Arkitektur (EDA). De gamla handhållna verktygen och 

kontrollerna på monteringsstationerna ersattes av moderna trådlösa kraftverktyg och den 

senaste PF 6000-kontrollen. De data som genererades av kraftverktygen omvandlades till 

standardformat. Sedan skickades data vidare för att bli tillgängligt på Kafka meddelandebusen 

där andra system kunde hantera och konsumera data. 

Ett par kontaktytor för kommunikation med andra program gjordes. En sådan kontaktyta var 

för ett REST API som prenumererade på data från meddelandebussen och använde det för att 

visualisera nyckelparametrar för operatören i realtid. Den andra kontaktytan som skapades 

var för en tjänst som kunde beräkna vissa KPI: er och visualisera dem i graf form för underhålls- 

och produktionsingenjörer. 

Denna implementering demonstrerade att en händelsesdriven arkitektur som LISA kan 

implementeras i en produktionsmiljö, vilket gör att realtidsdata är tillgänglig för olika system. 
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ABSTRACT 

 

In order to remain competitive, more and more industries are embracing the concept of 

industry 4.0 and trying to improve their manufacturing systems. A modern manufacturing 

system is the one which provides the industry with flexibility to embrace the constantly 

changing market demands. In order to be flexible, the manufacturing system should be able 

to make better use of the plant data. Data from the shop floor level should be available in real 

time to facilitate the decision making process. The focus of this thesis work has been to 

implement an event driven architecture along with services in a real time production 

environment. 

For this purpose, pedal car line at Scania Södertälje is analysed for the implementation of 

event drive architecture (EDA). The old hand held tools and controllers at the assembly 

stations were replaced with modern wireless power tools and the latest PF 6000 controller. 

The data generated by the power tools was converted into a standard format so that it can 

easily be interpreted by a message broker. The messages were published on Kafka message 

bus where other systems were able to subscribe and consume the data. 

A couple of endpoints were created, one for a REST API that subscribed to the message bus 

and consumed the data from power tools and visualized key parameters for the operator at 

the shop floor in real time. Second service created was to calculate certain KPI’s and visualize 

them in graphs form for the maintenance and production engineers. 

This implementation demonstrated that an event driven architecture such as LISA can be 

implemented on a real shop floor making real time data available to different systems.   
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NOMENCLATURE 

 

 

API    Application Programming Interface 

CAD     Computer Aided Design  

CPS     Cyber-Physical System  

EDA     Event-Driven Architecture  

EPS     Evolvable Production System  

ERP    Enterprise Resource Planning 

ESB     Enterprise Service Bus 

GUI    Graphical User Interface 

ISA     International Society of Automation  

IT     Information Technology  

JSON     JavaScript Object Notation  

KPI     Key Performance Indicator  

LISA     Line Information System Architecture  

MAS     Multi-Agent System  

MES    Manufacturing Execution Systems 

OPC     OLE for Process Control  

PISA    Production Information System Architecture 

PF    Power Focus 

PSB    Plant Service Bus  

PLC     Programmable Logic Controller 

REST    Representational State Transfer  

RFID     Radio-Frequency Identification  

RMS     Reconfigurable Manufacturing System  

SOA     Service-Oriented Architecture  

TPS     Toyota Production System  

URL     Uniform Resource Locator 
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1. INTRODUCTION 

The first chapter of this thesis includes the background to the problem, purpose of this thesis 

work, explanation of the problem statement, methodology used to achieve the objectives of this 

thesis work and the structure of this thesis. 

 

1.1 Background 
 

The digital factory is a computerized model of a planned or real factory that is used for design, 

planning and operations. The virtual factory enables the planners to optimize production 

facilities and evaluate changes by bringing a defined load onto the model. [1] The digital 

factory that was developed during the engineering phase should be integrated with the smart 

factory so that it feeds the smart factory with real time data, statistics and information. One 

significant feature of integrating the smart factory with digital factory is that there is a 

possibility of creating interfaces of digital things that are linked with real things. Further, the 

functionalities have to be implemented to receive the data from the different IT applications 

of the digital factory to the IoT platform that implements the smart factory. It also must 

provide feedback to the digital factory through these IoT services. [2] The globalization and 

the customization of products are pressurising industries to move towards the flexible or 

adaptive manufacturing. Many companies are focussed in developing vendor specific 

solutions for their own IT architectures.  

The industries have realised the importance of data management over the last decade. The 

data is viewed as a hidden resource in the automotive industries. Data is said to be hidden 

because they are often unstructured and are always not accessible or in wrong format or 

sometimes not accessible. Low-level data should be transformed to useful information and 

the use of smart services must be used to support decision-making in industries. The 

manufacturing systems have to be in designed in such a way that they reduce waste of 

material, energy, capital and media. The future manufacturing process must be controlled, 

reconfigurable, optimised process and human-machine interaction [3]. In many publications, 

it has been stated that data and its analysis are the key factors for gaining knowledge. 
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The challenge to manage data, transform it into knowledge and make smart automated 

decisions, has drawn a lot of attention during recent years. The focus has been on the overall 

architecture, Industry 4.0, Smart Manufacturing, Internet of Things, Power tools and the 

Service oriented architectures. [4] The data is collected from the power tools, so that the data 

can be efficiently used to make decisions. The whole process must be traceable for future 

references. The future production systems have to be productive, agile, environmentally 

friendly and safe for the employees. To achieve the above demands an improved control over 

the production processes is the need of the hour. To achieve these intentions, a  better  

knowledge  about  the  own  systems  and  processes  is necessary. To manage data efficiently 

requires a standardized generic information system architecture. This is not the case in many 

automotive industries since the data management in most of the industries are not 

standardized.  

 

1.1.1 Smart factories 
 

A Smart Factory is basically a manufacturing solution that provides reconfigurable systems 

that will solve problems coming up on a production facility with dynamic and rapidly changing 

conditions in a world of increasing complexity. This special solution could on the one hand be 

related to automation, understood as a combination of software, hardware and/or mechanics, 

which should lead to optimization of manufacturing resulting in reduction of unnecessary 

labour and waste of resource. [5] The major focus is on the agile development of production 

related information technology to result in an efficient, customer and employee oriented 

automobile production. During the first industrial revolution water and steam were used for 

mechanical production. During the second revolution water and steam were replaced with 

electricity. Mass production was also introduced during the second revolution. As the 

technology progressed, during the third industrial revolution there was an introduction of 

Electronic and IT systems. And slowly progressing towards the fourth revolution, these days 

the Cyber Physical Systems are introduced in industries. A CPS is basically the new generation 

of systems that has the capability to interact with humans through new modes. The 

competence to interact with, and expand the capabilities of the physical world which is 

controlled and communicated is a major step for future technology developments [6].  
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Figure 1. Industrial Revolution 

 

High levels of automation comes as a standard in Smart factory concepts. In the traditional 

production systems, the machines, MES and the ERP systems in different levels but the 

concept of smart factories is changing it by making everything connected. The pyramid is 

becoming a network of independent yet connected components. It unites the business and 

manufacturing sides of the industry. The benefits of smart factories include the increase in 

productivity. The robotic systems help the company in producing faster goods and thereby 

increasing the profit. This also enables the company to deliver products on time. Another 

benefit of applying smart factories concept are that though there is an initial outlay, at an later 

stage the automated systems provide significant cost savings. This would reduce the number 

of staff required to perform intensive tasks and will also reduce wastage of materials. Though 

there are a lot of benefits of smart factories, another important advantage is improved quality. 

The processes can be regulated and controlled so that the end quality product is hugely 

improved. Another advantage of using these concepts is to have an increased competitive 

edge over the other global players. The companies move ahead by providing flexibility and 

convertibility in the manufacturing process. Thus these are the major advantages of using the 

concepts of smart factories in industries. 

In the era of digital manufacturing, the gap between the physical and the digital worlds are 

reduced to create a new future for manufacturers. Industries have evolved through 

mechanisation, mass production and automated flows, the talk of the day has been the 

integration of digital and physical components in a CPS. Exchange of information and 
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interaction with each other takes place in these systems. To achieve the goal of Smart Factory, 

everything has to be connected. The production systems that are able to respond in real-time 

conditions will allow the in-house production process to be optimised at ease.  

      

 

Figure 2 Vision of a smart factory 

 

 

1.1.2 Vision for digitalized production  
 

A digital transformation is heading towards the automotive industries. These companies 

generate a large amount of data but use a small fraction of it. Industries are trying new 

techniques to get the data and thereby boosting their efficiency for their demanding 

consumers. The link between designers and makers can be stated as an example here. The 

designers and the makers are often separated by technology and organisational barriers. 

When a designer has an idea and wants to make it a reality, there are many obstacles in 

interacting with the maker. In most of the cases the designer and the maker work in different 

departments. There are various reasons in an industry for not utilizing data in a systematic 

way. Although the value of data is recognised, there are certain obstructions in production 

processes that makes manufacturers not utilise data in a structured manner. The main reason 
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being that the manufacturing systems have grown over time. In a truck and bus manufacturing 

industry there are long cycle times and the changes in products are less frequent. Thus, the 

need for data was not a priority for products with long cycle times. Whereas in the case of 

technological products, there is a shorter cycle times and shorter innovation period. Due to 

this fact, the industries that have been using these technological products such as controllers, 

etc., from which the extracted data can be stored and also move towards digitized production. 

Their production lines use the machines and other equipment’s that are of different versions 

and manufacturers as well. This makes the industries have a common platform in their plants 

that makes it easier for them to automate their production.  

In order to combat these disadvantages in industries, the Internet of Things(IoT) is being 

emphasized. The capability of tracking objects has made the companies to become more 

efficient, to reduce the process times and errors, data protection, and also incorporate 

complex and agile systems through IoT. [7] It is a known fact that all the technological products 

are connected through an Ethernet cable to the factory network. In everyday objects sending 

and receiving the objects from the internet connected devices is a simple definition of IoT. [8] 

The Internet of Things was initially proposed by members of the RFID team, where they 

referred to the possibility of getting the information about a tagged object by browsing an IP 

address that corresponds to a particular RFID. [9] This digital revolution would enable the rise 

in connections among people and things which in turn would result in big data.  

When the IoT is applied to the production network, they are basically two types of integrations 

namely the vertical integration and the horizontal integration. The vertical integration is the 

information flow between different levels. These levels include the automation applications 

level, the MOM (Manufacturing Operations Management) and the business application level. 

The data is collected from the lowest level, which consists of equipment’s and machines, 

called the automation level. This data is made available in the higher levels. The data at the 

same time also flows back from the higher levels to the machining equipment’s.  Thus, the 

information flow should be in a standardised manner in all these three layers since many 

applications are involved. The other integration is the horizontal integration which involves 

the machine to machine communication. That would allow machines to communicate with 

each other and create the foundation for machines to make own decisions based on 
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information. [10] These integrations should be established to provide as a basic pre-condition 

of Industry 4.0 vision. 

 

1.1.3 Value of Data  
 

The importance of storing data is the need of the hour in almost all the industries during the 

last decades. With the expansion of Internet and the web services, recent trends show that 

the amount of data collected has increased exponentially. The advancement of computing 

and the storage capability has been vital in the manufacturing industries. A single user these 

days use a desktop, laptop, smartphone, tablet and much more, where each device carries a 

large amount of data. These types of data are called Big Data. Big data is the term used for 

large and complicated data, which becomes challenging for the traditional management tools 

to process such big amounts of data from the applications. [11] There are many challenges in 

the industries at present and with a lot of data generated, it is not easy for the traditional 

systems to manage such large amounts, hence there is a need of new architectures with more 

efficiency and capability of storing large data. In such factories, CPS can be used to manage 

big data and employ the information to increase intelligence, robustness and flexibility [12]. 

The volume of data stored at present in manufacturing industries have grown from megabytes 

to gigabytes. Secondly, different types of data from various sources is also a complex problem 

in the processing of the data. Lastly, the velocity of data refers to the speed of data processing. 

Hence these three factors play a vital role in choosing the application for data storage and 

processing.  The data from the lower levels is not valuable unless it is used in the higher levels 

where it is transformed into meaningful information. 

The huge amounts of data that are available from connected devices makes the companies 

gain knowledge of the consumer behaviour based on actual product usage. This would prove 

pivotal for automotive companies to have a competitive advantage over its competitors. 

There are a lot of problems with the processing of big data. Heterogeneity and incompleteness 

of the data makes it difficult for processing. Managing large and high volumes of data is an 

issue that should be considered. Once the data becomes larger, the speed of processing the 

data should be considered. Managing privacy of the data is both a technical and also an ethical 

problem, which has to be considered carefully during the data processing. Patterns that 
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humans can detect easily is hard for the computer algorithms in finding it. Hence the data 

processing must be in such a way that humans are involved in the loop.   

There are many successful companies which have their entire business models based on the 

trade with data. This is an indication that the right data will be a great value for the company. 

Decisions made using information are always better that the decisions made with instincts. 

Hence to acquire information, the available data must be analysed. With the data collection 

and analysis, the knowledge about the own production system can be enhanced which would 

thereby result in the potential of production improvements and optimization. The decisions 

regarding production related issues can be supported with ample data as information, which 

would result in better decisions. This would make the company gain more profit because it 

leads to lower production costs thereby generating indirect profits to the company.  

 

1.1.4 Power Tools 
 

Most of the industries use hand held power tools in their production. They are mostly used in 

production, construction, automotive industries etc. to perform operations such as drilling, 

cutting, shaping, tightening, polishing, driving and much more. A power tool is a tool that is 

driven by an external power source and they are used as a substitute for manual labour. It 

makes the workers perform their operations efficiently. The option of getting the feedback for 

the operation done makes power tools better than the manual tools. The power tools can be 

classified into two types namely stationary or portable. Portable power tools are mobile 

whereas the stationary tools are fast and accurate.  

The major benefit of using power tools is that the operations can be performed at high speeds 

and efficiently. A Power focus tool controller monitors and controls the tightening operations 

during assembly. The programming software enables us to communicate easily with the tool 

controller. The process and quality assurance can be done easily with the controllers. 

Generally in a controller the data collection is continuous and the data is also analysed and 

presented as statistics on the controller display. More industries are now investing in power 

tools since these tools allow to reduce assembly time, ensure quality and fulfil the ergonomic 

requirements. There are a number of different manufacturers who are producing such kind of 

tools and major manufacturers include Bosch, Hitachi, Atlas Copco etc.  
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1.2 Problem Statement 
 

In order to remain competitive, Scania is following the industrial trend of digitalization. 

Scania is in processes of converting its pedal car line into a Smart Factory showroom to 

demonstrate the possibility of connectivity, visualization and flexible production. One of the 

key element of smart factories are the smart tools that are capable of transmitting data. 

They play a key role in the process, communicating with both, the individual worker and the 

other tools. This ability of power tools can be utilized to collect, analyze, store and visualize 

key data. Having smart tools at the production line can improve quality of the product by 

reducing the defects due to human errors. This would also reduce and eliminate the use of 

physical logs and manuals at the production line. There is a need for a system / architecture 

which allows Scania to efficiently collect data from power tools and then analyze it to 

convert it into useful and intelligible data. 

 

1.3 Purpose 
 

The aim of this thesis work is to develop and implement an event driven architecture on the 

shop floor level at Scania pedal car line which will enable smooth collection and processing 

of data at various levels as defined in ISA-95. To achieve this, an efficient communication 

system needs to be implemented for effective information flow from shop floor equipment 

and to transform the data into meaningful and useful information through various endpoints 

and services. 

The objectives of this thesis are: 

 

 Replace the old hand-held tightening tools at pedal car line with modern smart tools 

with the required communication channel. 
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 Implementation of a message bus at the pedal car line at Scania Södertälje to enable 

a smooth deployment of endpoints and micro-services that can transform the 

information collected from shop floor components into useful information. 

 Enable data collection from different devices on the shop floor, removing 

dependency on the vendor. 

 Develop and implementation of endpoint to retrieve information from power tools 

being used at the assembly area at pedal car line. 

 Develop and implementation of micro service that can transform the information 

collected from power tools into intelligible information that can used to make 

automated and intelligent decisions. 

 Develop and implement a micro service to visualize key parameters at the shop floor 

for the operators. 

 Implement and test the architecture to collect data from power tools in assembly 

area at pedal car line in Scania. 

 

This thesis work was conducted at Scania, Södertälje in collaboration with the on-going 

research project Line Information System Architecture (LISA2) at KTH. LISA2 is a research 

project aimed to contribute with a standardized software architecture that enables efficient 

management of data in today’s automotive industries. The research project is a 

collaboration between the Swedish academia and the Swedish automotive industry [13]. 

 

 

 

1.4 Methodology 
 

This thesis work aims to reach a technical result therefore an iterative approach has been 

adopted during the course of this thesis work. Since this is a pilot project towards the 

implementation of smart lab at Scania hence the task specifications have been flexible and 

during the development phase the specifications were adjusted to achieve the technical 

result. Figure 3 below shows the methodology followed during the thesis work. 
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Figure 3 Methodology followed during thesis work 

 

As summarized in the Figure 3 above, the thesis objectives were finalized with Scania and 

once the objectives were set the background research phase begun in order to gather the 

required knowledge to commence the work. When the literature review was completed, a 

solution was developed which was later implemented at the shop floor at Scania where it 

was tested and validated. During this thesis work, the software developed were 

implemented in small parts and then later once the complete architecture and services were 

deployed then the final testing and validation were carried out on the complete system. 

 

1.5 Thesis Structure 
 

The first chapter of this thesis includes the background, objectives set for this thesis work, 

the methodology used during the thesis work and the thesis structure. This chapter also 
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gives introduction about the concept of smart factory i.e. factory 4.0 and the value of big 

data. 

The second chapter includes the literature review of the current manufacturing systems and 

the different architectures that are being used in the industry at the moment specifically at 

Scania. It also provides a literature review of service oriented architecture and event driven 

architectures. 

The third chapter in this thesis explains the different technologies that were used to 

facilitate the implementation of the architecture that was developed to meet the objectives 

of this thesis work, this chapter includes the description about the plant service bus used, 

the protocol used to acquire data from the power tools and the limitation and challenges 

during the thesis work. 

In the fourth chapter the implementation of the proposed architecture and the endpoints 

including the services is explained in detail. 

The fifth chapter contains the conclusion and discussion on the results obtained and as well 

as a section about future works. 
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2.  INFORMATION SYSTEM ARCHITECTURES 

This chapter describes in detail the service oriented architecture, Event driven architecture, 

Line information system architecture and production information system architecture. 

 

2.1 Service Oriented Architecture 
 

A service-oriented architecture (SOA) is considered a modern style of architecture where 

services are provided by creating small application components which communicate and 

transfer data over a network protocol. Using the concept of wrapping, which helps to isolate 

the processing and hence the user of the service does not need to know where the processing 

is being done. This isolation makes this SOA modular, interoperable and a reusable way of 

developing and implementing software [14]. The benefit of using SOA is to become 

independent of vendors, products and technologies. Any service developed keeping in mind 

this service oriented architecture has two components, an interface and a functional 

implementation. The interface of the service allows the other entities in the system and the 

users to communicate with the service and use its functionality and the only thing known to 

other entities within the system is how the functionality can be used. Having a standardized 

interface for the services allows it to become modular and also easier for the other entities in 

the system to understand and utilize the functionality of the service.  

 

 

Figure 4. Basic SOA with service registry, service provider and service requestor.[3] 
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The modularity of SOA makes the services designed on this architecture, scalable [15]. The 

services offered are also kept technology neutral, meaning the protocols, discovery system 

and descriptions for these services comply with industry accepted standards. The services are 

also loosely coupled hence no internal structure or prior knowledge is required at client or 

server side [15].  

As shown in the Figure 4, the basic SOA consists of service registry, service requestor and 

service provider. Service registry acts as broker for service providers to allow them to publish 

service definitions so that the consumers can search for and consume the services. Service 

requestor is also known as the client application and it invokes the search feature to connect 

to the application within the service registry. Service provider hosts all the published services 

[16]. 

Usually a network is used to share the services between different organizations. The medium 

of communication used in the network is internet based protocol e.g. SMTP or HTML [15]. An 

intermediate technology that is often used between different services in SOA is known as plant 

service bus (PSB) or an enterprise service bus (ESB). The service bus acts as the medium where 

the messages can be distributed between different applications in a secure way, service bus 

can effectively route the messages between different services. 

 

 

Figure 5 Simplified version of ESB. An ESB can host multiple services [17] 
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A simplified model of a plant service bus (PSB) is shown in figure 5. The fundamental part of 

PSB is the message broker which is responsible for routing the messages to the right service 

containers. The service container shown, act as the hosting service which allows outside 

applications to connect to and communicate through the PSB. There can be many service 

containers within a PSB and a single service container can be hosting multiple services [17].   

 

2.2 Event Driven Architecture 
 

Event driven architecture, commonly referred to as EDA is kind of an architecture that is based 

on the use of events transferred within the architecture. A significant change in the state of 

system is known as an event. In event driven architecture, the occurring of an event triggers 

those entities within the system which has subscribed to that kind of event occurrence[18]. 

An example of the event could be a signal that triggers an automated action that notifies an 

operator about the need of tool change on a certain machine. The use of EDA in industry 

allows to monitor the operations and make decisions utilizing the information from the events 

in an intelligent way. An EDA not only allows people to make quick and smart decisions, it can 

be configured in such a way that it can make intelligent decisions about the actions to take 

based on the occurrence of events[19].  

Event driven architectures are considered loosely coupled systems because of its way of 

working. Only the creator of an event knows that the event has occurred and the creator 

doesn’t know how many other entities are there in the system and how many of these entities 

are interested in the particular event and how they will react to the event. On the other hand 

the subscriber to the event only knows about the event to act upon and not any details about 

the creator of the event or the location of the event unless the event itself contains the 

information about the creator and origin[18]. 

A common example of an intelligent event driven system used in our daily lives is the use of 

events to control the cooling in the refrigerator. The thermostat is responsible for maintaining 

the set temperature by controlling the compressor. The thermostat is monitoring the 

temperature continuously and it turns the compressor on/off based on an event occurring. 

The decision to take an action by the thermostat is based on the type of event occurring, the 
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state of the refrigerator changes when the temperature rises above a certain set point hence 

generating an event and the thermostat makes the decision of switching on the compressor 

based on this occurrence of the event. This is a simple form of event driven system but similar 

concept is used to configure complex event driven architectures [19]. 

  

2.3 Line Information System Architecture (LISA) 
 

The development of this architecture was launched as a Swedish research project (FFI-LISA) 

in 2011, which is being carried out by a collaboration of Swedish universities and Swedish car 

and truck manufacturing industries. The Universities part of this collaboration are Chalmers 

University, KTH and Lund while the industrial partners are Scania CV AB and Volvo. 

The main objective of this project is to research and develop an architecture that would 

standardise the way of collecting data within the industries. It has been established that at 

the moment there is no standardised way of collecting data for the MES systems hence 

making then inflexible towards any changes in the production line. The major advantage of 

having such a architecture would help achieve flexibility and enable the accessibility of data 

via web services and it has been determined in the first phase of LISA project that this could 

be achieved by decoupling the systems and introducing a common communication layer also 

known as plant service bus (PSB) or an enterprise service bus (ESB)[20]. This message bus 

acts as a message broker and helps in sending and receiving messages between different 

endpoints. Since all the different systems are directly connected to this centre layer (PSB) 

hence there is a reduction in hard coded connections hence increasing the flexibility of the 

entire system. 

The LISA project has now entered the second phase. In the first phase the needs of the 

industries were identified along with the challenges for data acquisition and in response this 

LISA framework was developed. The second phase of LISA project is to test the architecture 

in a real production environment and to further develop the architecture as well as the 

services and endpoints. 
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Figure 6 LISA Framework 

 

Figure 6 above shows a simple model of LISA framework where the ActiveMQ message bus 

plays the central role of information and connects different devices on the shop floor. During 

this project the message bus was replaced by Kafka message bus instead of ActiveMQ and 

the services were developed using Node js, Java and C. There are currently two ways to 

connect the equipment to the PSB, One way is to use a physical adapter that connects 

physically to the device and then transmits the information to the PSB, this technology is 

currently being used at Volvo production facility. The second method is to directly connect 

the shop floor equipment to the PSB for information flow and this method is demonstrated 

in this thesis work. 

 

2.3.1 End Points 
 

On a shop floor there are many devices installed from different manufacturers and thus having 

specific capabilities of communicating with different device specific protocols and interfaces, 

for example, OPC or RS-232. It would not be feasible to replace all the production machines 

with the new devices that can support the same communication protocol. Hence in LISA 
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architecture these devices are integrated with endpoints to communicate. An endpoint acts 

as an adapter between the machine and the ESB. Event data from the machines is converted 

to the LISA message format and is then published on a specific topic on the message bus and 

similarly this endpoint converts events and communicates the event data to the machines. 

The major benefit of using endpoints is that if the machine is replaced, only the corresponding 

communication endpoint needs to be updated [21]. 

2.3.2 Services 
 

Main aim of standardizing and publishing information on the PSB is to enable the use of 

different services. A service provides with functionality in the SOA, a service could be a 

standalone entity that consumes the data directly from the bus and output the result based 

on the input or it could be offering functionality to other services within the architecture. A 

service could be as simple as collecting and analysing data to offer intelligible information to 

other services or it could be more complex i.e. gathering information from many different 

services and providing a complex functionality for the architecture. 

 

 

Figure 7 A generic service in SOA 
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As clarified in the figure 7 above, the main difference between an endpoint and a service is 

that the service also offers core functionality to the architecture along with the functions of 

the endpoint. The name and description are short descriptions of the functionality of the 

service and the function of publisher is to publish the information to a specific channel on PSB 

and subscriber obtain information from a channel from PSB. An example of a service could be 

a service with a simple functionality of computing downtime of a certain machine so the 

subscriber would then be acquiring the required information from the PSB so that the core 

functionality can compute the downtime from that information and publisher will then publish 

this new computed information from the service to a specific channel on PSB so that other 

services can utilize this information. 

 

2.4 Production Information System Architecture (PISA) 
 

PISA was established as concept to support business around 2010. PIRO (PISA Rollout) was 

intended to implement a new MES platform. PISA (Production Information System 

Architecture) is a concept designed to structure information management in Scania's 

production-related IT systems. The PISA project group had chosen to adapt to a standard, 

which describes a structure for information management, named ISA95. To integrate and 

interpolate between the different layers, The ISA95 standards have been preferred. This 

standard is mainly concerned with Manufacturing Execution System which is the third layer. 

For Scania, an introduction of this layer will ensure a better structure for manufacturing data 

management to separate layer four operations (MONA) from direct execution in the layers 

one and two (DIDRIK layers).   

The pre-study and proof of concept of EBBA has developed a proposal for the structure and 

MES implementation for new needs in the handling of work orders, deviation control, 

traceability and production monitoring. Other areas that can be processed within MES-system 

are Statistical Process Control (SPC), local sequence management, material handling and 

maintenance. Installation of the EBBA system will raise the productivity, gain the availability, 

lower tact times and raise the quality output.  
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Figure 8 PISA block diagram 

 

PISA has been divided into four levels. The base level being the production equipment. Vendor 

specific project books define how the production facilities were built with respect to function, 

components and communication. Scania has various vendors for tools, machines, robots 

and other production equipment. Scania has a system called the DIDRIK for machining, which 

is used for interconnecting the production equipment. DIDRIK system is used for the 

integration and visualization of the production equipment’s. DIDRIK is based on PLC and 

SCADA technology to provide an open system that is easy to adapt and integrate to various 

types of production equipment’s. This system was designed to realise the tacting, traceability 

and production follow-up in a standardized environment. DIDRIK was first implemented in the  

new axle and gearbox assembly plant in Södertälje. The main purpose of this system is to build 

an efficient automation layer and to find a way to meet the requirements that are common 

which were earlier dealt by the third-party providers of technology. DIDRIK communicates 

either through ProfiNet or via simple I/O modules. Thus, DIDRIK takes care of the 

communication and the real-time visualizations of the key parameters. It reports to Scania´s 

PUS system (ProduktionsUppfoljningsSystem which translates to¨ Production Monitoring 

System).  All the devices that have programmable controllers are connected through the 

industrial Ethernet cables, otherwise called as process network. This is mainly used in the 
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programming and maintenance of controllers and thereby making the information available 

for the operators via HMI stations and the information is reported to Scania’s PUS systems.   

 

The third level being the Manufacturing operations management and the manufacturing 

execution systems. EBBA is the project name for Scania's MES (Manufacturing Execution 

System) which is a platform for managing production order execution, presenting assembly 

instructions, deviation handling and production follow-up. EBBA is the layer connecting the 

ERP and Control system layer, in Scania EBBA is the connection between MONA (Scania’s 

Product Lifecycle Management System) and DIDRIK. The MES/MOM is concerned with the 

operations such as production, quality, inventory and maintenance. Other than EBBA, Scania 

has a few vendor software’s like ToolsNet, Historian etc in this level. Since Data management 

becomes hard if these software’s are linked, they are a separate platform in this level. The 

fourth level is the Enterprise resource planning or the Product lifecycle management. MONA 

is Scania´s PLM system, which is connected to EBBA through a standard interface. There are 

other systems which are independent in this level. The systems are SIMAS, Maximo, Q-DAS 

etc. There is a standard interface between each of the levels in PISA architecture so that data’s 

and information’s are interconnected.   

 

The Scania production system communication occurs in the following manner. First DIDRIK 

sends tact pulse to initiate a new tact. Then the operator scans the RFID tag at the first station. 

The information gets updated in DIDRIK. Through an OPC (Open Platform Communications), 

EBBA receives the part information. DIDRIK downloads the parameters of the product and 

sends it to each of the station. EBBA sends the information to the monitor and screens it at 

each station so that the operator will have a clear idea about the process. DIDRIK collects the 

clearance signals/ information to be stored from the attached equipment. EBBA receives the 

traceability information via OPC after which the operator signs the finished tasks and sends it 

to EBBA. Lastly, DIDRIK resets all the clearance signals and this cycle repeats for all the 

products. EBBA receives the product information from MONA. Similar ERP/PLM systems 

would contain information related to production. Hence the information is transferred to 

EBBA through a standard interface. The information from DIDRIK and EBBA is also transferred 

through a standard interface.   

Scania is a Swedish automotive industry manufacturer of commercial vehicles. The main 

business of Scania are heavy trucks and buses [22]. The production of commercial vehicles at 
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Scania is distributed at three different facilities across Sweden: Lulea, Södertälje and 

Oskarsham. There are facilities in other countries such as France, the Nederland’s, Argentina, 

Brazil, Russia and India. The biggest production is at Södertälje, where there is the research 

and development department as well. Scania’s IT systems in production are organised 

according to the Purdue Enterprise Reference Architecture [23] and are aligned with the ISA 

95 standard [24]. ANSI/ISA-95, is an international standard from the International Society of 

Automation that is used to develop an interface between the enterprise and the control 

systems. The objectives of ISA-95 include to standardise the terminologies between the 

supplier and the manufacturer by providing consistent information models. It also helps the 

manufacturers with the information management at various places in the industry. [25]  

There are a lot of challenges that Scania faces at present. There has been huge rise in the 

demand, so that Scania is planning to double the productivity by using the same resources and 

efficient manufacturing. There is also a need to check on maintaining the quality although 

there is a rise in demand. Hence to meet all these challenges, Scania production is in the 

process of implementing a system architecture of its own, PISA (Production Information 

System Architecture).    
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3.  ENABLING TECHNOLOGIES 

The third chapter of this thesis explains the technologies that were used to implement the 

services and achieve the objectives of this thesis work. 

  

3.1 Plant Service Bus (KAFKA bus) 
 

Kafka is a distributed streaming platform that helps us to solve many cases related to 

information management in manufacturing industries. Kafka is a robust messaging system 

that is developed with an objective of collecting and publishing high volumes of data. [26] 

Usually in industries, the amount of data generated is more than what is expected. Messages 

are generally classified into topics which are like various files in the office. The message 

streams that are connected to a specific topic is like filing a document in a specific file. The key 

capabilities of Kafka message bus include the publish and subscribe to streams of records, 

capability of storing streams of records in a fault-tolerant way and allows to process streams 

of records as soon as they occur. [27] Kafka is run as a cluster in a server or a set of servers. 

Kafka clusters stores the records named as topics. The records have three major headings 

namely a key, a value and a timestamp. Inside a Kafka topic the messages are ordered linearly 

in accordance to the time that it comes into the topic. The characteristics of the Kafka message 

bus includes:  

 Persistent Messaging: For the message bus to be effective, there can be no 

room for the loss of messages. Apache Kafka is designed to provide constant 

time performance even with large data. 

 High Throughput: It has the capability to process millions of messages per 

second. 

 Distributed: It supports message partitioning over the servers and thereby the 

messages can be distributed as per the consumer requirement. 

 Real time: The message produced by the producers are immediately ready to 

be consumed by the consumers and for data analytics. 

 Multiple client support: Kafka bus supports different platforms such as 

Java, .NET, and many more.  
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Kafka also supports parallel data loading into Hadoop data lake for data analytics and also for 

designing big data solutions. Thus, by these characteristics we can conclude that Kafka is 

different from the traditional messaging systems. Many leading companies such as LinkedIn, 

Data Sift, Twitter, square etc., uses Kafka message bus system because it provides scalability, 

durability, reliability and high concurrency. [28] 

 

 

Figure 9 Simplified model of Kafka PSB [28] 

 

 

The producer API allows an application to publish the records on one or more Kafka topics 

whereas the consumer API allows the application to subscribe to one or more Kafka topics. 

Basically, the producers are message creators whereas the consumers are message receivers 

and processors. This is the basic function of a Kafka message bus. The Streams API consumes 

input from one or more topics and then producing an output stream to one or more topics 

thereby transforming the input to output streams. The Connector API is responsible for 

running reusable producers or consumers that connect the Kafka topics to the existing 

applications. Generally, the communication between the servers and the clients is done 

through TCP protocol. Even the older versions are compatible with this type of protocol. 

Clients are available in many languages, but the usual language used is the Java client. 
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Figure 10 Log for topic in PSB [29] 

 

As shown in the above figure 10, for each topic, the Kafka cluster maintains a partitioned log. 

Thus, the producer produces the topic in each sequential order and the consumers can be 

assigned to specific partitions for consuming the data. Each partition has a specific server that 

acts as a leader and the other servers act as followers. The leader handles all the write and 

read requests for the specific partitions whereas the followers duplicates the leader’s 

activities. In certain situations, the leader might fail thereby it makes one of the followers as 

the new leader [29]. The records in the partitions are assigned a sequential id number which 

is named as an offset. All the messages produced by the Kafka cluster are retained even 

though they are not consumed by the consumers. A consumer always consumes messages 

from a certain partition sequentially [30].  

Messaging systems traditionally have two models namely queuing and publish subscribing. In 

a queue, the consumers read from a server and each record goes to one of them. Whereas in 

the case of publish-subscribe the record is sent to all the consumers. There are many 

advantages and disadvantages of both the systems. The advantage of queuing is that it allows 

to divide the processing data rather making the process simpler. But the disadvantage is that 

there cannot be multiple subscribers for a single topic. Whereas the publish-subscribe allows 

to show data to multiple processes but the processes cannot be scaled as every message goes 

to all the subscribers. Kafka being a publish subscribe bus it allows to show data to multiple 

processes. And the disadvantage of the publish subscribe bus has also been equalised because 

all the Kafka topics has both these properties that is it can scale processing and also multi-
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subscribe. The concept of parallelism or the partition within the topics also helps Kafka to 

provide both ordering guarantees and load balancing over a set of consumers.   

 

3.2 Power Tools  
 

During the course of this thesis work PF 6000 controller from Atlas Copco was used. This new 

controller from Atlas takes productivity and quality to a next level. This would increase the 

flexibility in rebalancing the assembly lines. A total of 6 power tools can be connected to the 

same controller with a lower power consumption. This is done through the virtual stations 

feature that is available in PF 6000. The data is read from the tools through this controller and 

from this controller the data has to be extracted through an open protocol. The PF 6000 is 

shown in the below illustrated figure 11. 

 
Figure 11 Atlas Copco PF6000 

 

There are three tools that are connected to PF 6000 at present in the Pedal Car Line. The tools 

are manufactured by Atlas Copco. The tools are battery operated and are cordless. One of the 

tools used is the cordless right angle nut runner tool. ETV STB-30-10-B is the tool number 

provided by Atlas Copco. The major benefits of using this tools are that they provide high 

performance brushless motor with a wider torque range thus giving shorter cycle times. They 

are compact and ergonomic. The torque transducer which is present provides accurate 

tightening’s and traceability. The figure is illustrated below.  
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Figure 12  Nutrunner 

 

Another tool that was used from Atlas Copco was the pistol tool. ETP STB-34-12-I06BD is the 

tool number provided by Atlas Copco. It is one of the most ergonomic and productive 

battery tool in the market with a transducer. All these tools are connected through Wireless 

network to the controller hence the requirement of cords is unnecessary. This would also 

provide better operator feedback. This tools come with a display which indicates the key 

parameters that are useful for the operator. This also comes with a barcode scanner 

attached to the tools with which the operator can identify the product specification. The 

figure is illustrated below. Another similar kind of pistol tool was used that was without 

display during this thesis work. ETP STB-33-12-I06W is the tool number provided by Atlas 

Copco. This also has similar features as the other pistol tool mentioned but without a 

barcode scanner and display. The Lithium ion batteries gives a lot of more cycles between 

battery change. It also has a very good ergonomics with high power to weight ratio and Ergo 

Grip.    

 

Figure 13 Pistol Tools 
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The line that was used for testing these tools is called the Pedal car line which is the training 

line for the new Scania employees. Hence the tightening’s done in that line are of lower 

torques. Thus it was better to order tools of lower torque range. The angle tools had a 

torque range from 6 Nm-30 Nm. And the pistol tools can tighten up to 9 Nm. Atlas Copco 

tools are designed in the standard of keeping the environment aspects and the eco design 

standards in mind. The energy consumption is as low as possible because the customers 

must not waste energy in redoing the operations. The term Eco Design deals with the 

lowering of a product’s environmental impact throughout its life-cycle that includes the 

extraction of raw materials, customer usage and recycling whilst increasing the productivity.  

 

3.3  Open Protocol 
 

The term protocol refers to the way in which various electronic devices communicate with 

each other. Generally, the manufacturers of the components have a defined set of messages 

that can be accessed by the users through an open protocol. Open protocol is an interface 

that is used for building applications for data subscription of controllers. Similarly, in the PF 

6000, through open protocol there is a possibility of communicating with the client. This open 

protocol would support both serial and Ethernet connection. The data can be sent and 

received at the same time and all the clients will be able to do the same simultaneously. During 

our thesis, the Ethernet protocol was used. The integrator connects to the controller and the 

controller accepts the connection. In this case, the controller is the server and the integrator 

application is the client. 
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Figure 14 Open protocol data flow 

 

To understand more about the open protocol in the controller, a few terminologies should be 

explained. Integrator is a hardware which can be a PC or PLC or a printer. So, the application 

must be run in the integrator hardware to access the messages from the server. A message 

consists of three parts namely the header, the data field and the message end. Depending on 

the type of communication, the message is either sent or received from the server. The MID 

is abbreviated as the Message ID and is represented by four digits. The ID will always be 

included in the message. It must be noted that MID will have several revisions. The term 

Subscribe is used when a controller sends data to the subscriber or subscribers each time it is 

generated whereas unsubscribe is used when a subscription is cancelled.   

As already mentioned, in this thesis the Ethernet connection is used to communicate between 

the controller and the integrator. The contact must be established by creating an adapter in 

the integrator to start the communication with the server according to the standards provided 

by Atlas Copco. In this case, the controller listens to a specific port 4545. The integrator 

connects to the controller and the connection is accepted by the controller. The integrator 

sends MID 0001 Communication Start to the controller and the controller replies with MID 

0002 to acknowledge that the communication has been started. It replies with a message that 

consists of the Cell ID, Channel ID and the controller name as well in various bytes of the 

message. If there is something wrong, there is also a possibility for the controller to reply MID 
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0003 or MID 0004 back to the integrator. MID 0003 is communication stop and MID 0004 is 

command error.  

After the communication is already established, the integrator sends MID 0060 Last tightening 

data subscribe to the controller. In this case the controller sends back MID 0005 stating that 

the command has been accepted. Now after the tightening is performed the controller sends 

another message which is MID 0061 which is basically the last tightening data upload and then 

waits for acknowledgement. Thus, the integrator sends MID 0062 Last tightening result data 

acknowledge. And after this process the message shown in figure 15 appears on the screen.     

 

Figure 15 Message from Power Tools 

The message sent by the controller to the integrator is in a string format and every byte 

represents a specified value. The values of the example in figure 15 can be illustrated in the 

below mentioned table 1. 

 

Message Part Parameter Byte Value 

 

Header 

Length 1-4 0231- Revision 1 

Message ID 5-8 0061 

Revision 9-11 01- Revision 1 

Acknowledge Flag 12 0- Ack needed 

01 followed by Cell ID 23-26 0001 

02 followed by Channel ID 29-30 01 

03 followed by Torque controller 

Name 

33-57 Airbag7 

04 followed by VIN Number 60-84 KPOL3456JKL0897 

05 followed by Job ID 87-88 00 

06 followed by Parameter Set ID 93-93 003 

07 followed by  Batch Size 96-99 0000 

08 followed by Batch Counter 102-105 0000 

09 followed by Tightening Status 108 0- tighteningNOK 

10 followed by Torque Status 111 0- Low 

11 followed by Angle Status 114 1- OK 

12 followed by Torque Min Limit 117-122 000840 
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13 followed by Torque Max Limit 125-130 001400 

14 followed by Torque final target 133-138 001200 

15 followed by  Torque 141-146 000739 

16 followed by Angle min 149-153 00000 

17 followed by Angle max 170-174 09999 

18 followed by Final Angle target 169-167 00000 

19 followed by Angle 170-174 00000 

20 followed by  Time stamp 177-195 2001-06-02:09:54:09 

21 followed by Date/time of last 

change in parameter 

set settings 

198-216 2001-05-29:12:34:33 

22 followed by Batch status 219 1-Batch OK 

23 followed by Tightening ID 222-231 345675 

Message End N/A 21 NUL 

 

Table 1 Open protocol specification 

Thus, the above-mentioned table explains about the example message with each and every 

byte in the message sent by the controller to the integrator. These messages must be 

extracted using an adapter in the integrator and send them to with the Kafka message bus.   

 

3.4 JSON 
 

Java Script Object Notation (JSON) is similar to Java but compact text format that is often used 

for exchange of data in a structured way between different applications. Syntax used for 

programming in JSON is very simple and can easily be understood by both humans and 

machines. Strings, integers, arrays and class objects can be transported easily using JSON 

syntax [31]. JSON was used during the implementation of this thesis work. JSON was used to 

translate the data acquired from power tools to messages to be published on the PSB and 

later to translate the messages back to text from the PSB so that it could be used to calculate 

key parameters. JSON was also used to translate data so that the analytics could be performed 

in zeppelin. 
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3.5 Node js 
 

Node js is a server-side platform built on Google Chrome's JavaScript Engine (V8 Engine). Since 

it is an asynchronous event driven JavaScript hence it is suitable to build scalable network 

applications. It is possible to use many different libraries of JavaScript modules and this further 

simplifies the development process. This was deployed to create the visualization service 

during our thesis work. One of the major advantage of using it is that a server could easily be 

created which can then be listening to the specified topic on the PSB. 

 

3.6 Hadoop 
 

Hadoop is used in the processing of large data sets in a distributed computing environment. 

Hadoop is a programming framework that was developed by Google’s MapReduce. 

MapReduce is a software framework in which an application splits into various parts. [34] A 

lot of manufacturing companies use Hadoop for research and in real-time production. It is 

designed in such a way that it can scale up from a single server to many machines that will 

have local   storage for each machine. 

 

Figure 16 Hadoop modules 
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Hadoop includes the following modules: 

 Hadoop Distributed File System: It provides access to the application data. 

 Hadoop Common Utilities: These are the common utilities that support other Hadoop 

modules. 

 Hadoop YARN: To schedule the jobs and also to manage cluster resource. 

 Hadoop MapReduce: It is basically a YARN-based system that is used for parallel 

processing large data sets. 

It is a java based programming framework which is used for storing and processing large sets 

of data in a distributed computing environment. This would result in lower failure rates and 

unexpected data loss. It has come up as a base for big data processing tasks. The important 

industries that use Hadoop are scientific analytics, sales forecast and planning and the sensors 

from internet of things. Generally, the Hadoop components can be accessed from the 

organization’s local data centre. Hadoop is important because of its ability to store and 

process huge amounts of data quickly, computing power, fault tolerance, low cost, scalability 

and flexibility.  

There are a lot of challenges of using Hadoop which must be taken care of carefully. It must 

be noted that MapReduce programming is not a very good match for all the problems. It is 

good for simple information requests and problems that can be divided into small units, but 

for complex problems it is not very much effective. Data security is another challenge that has 

to be tackled using Hadoop. The data cleansing, governance and the tools for data 

management are not there in Hadoop. Hence external software’s should be used to tackle this 

issue. Thus, these are the challenges that are evident while using Hadoop framework.  

 

3.7 Zeppelin 
 

Over the last few years Data mining has become very important. Zeppelin is a web-based 

notebook that is responsible for the interactive data analytics and collaborative documents 

with Scala, SQL and many more programming languages. The main aim of Zeppelin is to 

perform data analytics, visualisation and collaboration. Zeppelin can mix Scala and Python. 

The ability to present any visualisations graphically is a great pro for instant data exploration. 
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New interpreters have been added to the functionalities of Zeppelin namely the Apache Beam 

and Scio. There is also a possibility to load and unload JavaScript’s using helium framework. 

This notebook satisfies the needs of the consumer wit features such as Data ingestion, data 

discovery, Data analytics and Data visualisation and collaboration. The data in twitter is 

analysed and validated by using zeppelin and JSON validation respectively [35]. The result 

would be published in Zeppelin dashboard. Apache Zeppelin interpreter allows any language 

to be plugged into Zeppelin. Thus, using zeppelin would make it easier in the shop floor to 

visualize the key parameters so that it is easier for the operator to get a feedback. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

4.  IMPLEMENTATION 

This chapter presents in detail the implementation of the architecture and the services. First 

the shop floor used for the implementation of architecture is described followed by detailed 

description of the endpoints and services creation and deployment. 

 

4.1 Pedal Car Line (Smart Factory Lab) 
 

The assembly line used for implementing the project is the Pedal Car Line at Scania CV AB. 

Previously this line is used as a training line for the newly recruited employees at Scania. In- 

order to remain competitive, Scania is following the industrial trend of digitalization. Scania is 

in processes of converting its pedal car line into a Smart Factory showroom to demonstrate 

the possibility of connectivity, visualization and flexible production.  

 

 

Figure 17 Assembly stations at shop floor 

 

The raw materials are picked by the operator using smart glasses. Then the operator places it 

in the Automatic Guided Vehicle (AGV) named MIR. The raw materials are collected from the 

logistics area, after which they are transferred to the assembly area. Then a robot picks up the 

raw materials from MIR and makes it easier for the operator to receive the materials. When 

the Mir gets empty, it gets back to the logistics area to bring the next set of raw materials. 

Then the pedal cars are assembled in the assembly area. The assembly area consists of four 

assembly stations. Different operations are done at the four stations. It also includes a quality 



35 
 

check after each operation. In the first station, using the hand tightening tools, the operator 

assembles the car body. Then the car body is moved to the next station where the steering 

wheel and the seats are assembled. In the third assembly station, the mudguards are 

assembled using the hand tightening tools. And in the last assembly station, the wheels are 

assembled. The top view of the pedal car line is shown in Figure 18. The direction of the 

movement of the pedal car is also depicted in the figure 18. Thus, after the assembly process, 

the pedal cars are stored in a warehouse. Later they are disassembled and used again for 

training purpose in the disassembly area. 

 

 

Figure 18 Top view of shop floor 

 

The parts are kept as per the part number that should be assembled. At present the operators 

use manual instructions for assembling the pedal car. But in a later stage, all the instructions 

will be digitalized, so that the use of papers will be minimized. Presently the training for the 

employees take place digitally with the use of smart tabs. 
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Figure 19  final assembled pedal car 

 

Figure 19 represents the final assembled pedal car. This is how the assembly process of the 

pedal car is done at Scania Academy.    

One part of this thesis work was to replace the old hand held tools at the pedal car line with 

modern power tools. Tools from various suppliers were evaluated according to the need at 

the pedal car line at Scania, Södertälje and tools from Atlas Copco were finalized to be 

purchased and installed at the pedal car line. The tools that were selected have been described 

in detail in the section 1.1.4. The selected tools were ordered from Atlas Copco along with the 

PF 6000 controller and were installed at the pedal car line. The tools were connected to the 

controller and each assembly station was given a virtual station number in the controller. The 

tools directly connect to the controller via the internal wireless network and the controller 

was connected to the factory Ethernet already present at the shop floor.   

 

4.2 Plant Service Bus 
 

A device communication service was created in order to establish communication with the 

power tools on the shop floor and change the communication protocol during real time in 

order to read the low-level data from the power tools in a systematic way and then publish 

the data on PSB for consumption. Since the controller is connected to the factory Ethernet, 

the data was extracted from the controller using the open protocol by sending a set of MID 

commands and receiving the replies from the controller in form of a long string. This string 

was then converted into a JSON object since JSON is used as the text format for the transfer 
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of messages on the PSB. The figure 20 below shows the endpoint for extracting data from the 

power focus controller and then publishing the messages onto the plant service bus. 

 

 

Figure 20 Nifi endpoint for message publishing on PSB 

 

It is shown in the figure 20 above that the endpoint is listening to any event occurring on the 

controller side and in case of a new event it publishes a message onto the PSB. There is a 

queue container also shown in between and it is there since this was being implemented on a 

shop floor in a real production environment hence a buffer was provided in case there is a 

delay of some sort. 
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Message is used for transfer of data through the PSB. A message consists of a header and a 

body. A generic message is shown in figure 21 .  

 

 

Figure 21 Message format 

 

As shown in figure 21 the message consists of a body and a header. Header of the message 

contains the information about the MID number, the length of the message string and the 

station ID for the data belongs to. The body of each message contains the rest of the data 

which includes a set of various parameters as shown in figure 21. 
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4.3 Visualization API 
 

Comfortable physical environment in the shop floor is vital for the employees. It would enable 

the employees to be healthier and would have a low absenteeism rate and hence resulting in 

effective production [32]. To make the job easier for the shop floor workers, visualization of 

the results is a key feature in the shop floor. It gives a feedback to the employees immediately 

after the work is done. Visualization at the shop floor makes the problem-solving process 

simpler thus improving the quality of the product. Visualization of the key parameter index to 

create a transparent work atmosphere makes the job of the worker easier. This would give an 

idea of the work; the employee is doing. So, the creation of transparency is one of the main 

constituent of shop floor management [33].  

 

 

Figure 22 Web application Layout 

 

Figure 22 shows the layout of the web application that was created for the visualization part 

at the smart lab. The web application was created by programming in Node Java Script. The 

information from the message bus is sorted out and only the information that is required for 

the operator is displayed. The operator is interested in the information that is displayed above 

in figure 22. The time in which the operation has been done is also displayed because it is easy 

for the supervisor or manager to keep a track of when the operation is performed. In order to 

give immediate feedback to the operator of the tightening’s done, torque upper limit, target 
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torque, torque lower limit and also the target torque is important for the operator. The tool 

with which the operator has performed the operation and its serial number is also displayed 

in order to check if the operator is using the correct tool to perform the operation. Later it is 

also easy for the manager to have a feedback on the tools and the number of tightening 

performed by them. 

 

Figure 23 An OK Tightening  

 

Figure 23 shows an OK tightening performed by the operator because the torque is between 

the limits. Through open protocol the messages are accessed and it returns the message for 

that particular operation done by the operator. There is a green signal in the web application 

making it easier for the operator to visualize. There is a possibility to get an update of the 

tightening done which would help the managers to have an idea about the operators work 

skills. Once there is a shift change, the operator can export it to Excel and then refresh the 

page such that the plant manager can have a follow-up of the operations done by the new 

operator.  
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Figure 24 A NOT OK Tightening 

 

In case of a NOT OK tightening a red light appears on the web application. In Figure 24 since 

the final torque is above the torque limits, the torque status shows HIGH and it is a NOT OK 

tightening. For tracking the operations that are performed by the operator in the web 

application, the important parameters such as the timestamp, torque and the torque status is 

displayed. The exported Microsoft Excel file would contain all the parameters obtained 

through the message MID 0061 from the open protocol. 

 

4.4 Hadoop Data lake 
 

In order to achieve the objectives set for this thesis work, a service has to be created which 

can subscribe to the PSB, consume the data and convert it into more intelligible data. This was 

achieved by creating an endpoint for Hadoop data lake and Zeppelin in order to calculate the 

KPI’s and visualize those in an efficient manner for the production and maintenance engineers 

at Scania. 

It was identified that in order to calculate the different KPI’s, the data consumed from the 

message bus needs to be stored into a data lake so that the calculations can be performed, 

hence the Hadoop data lake was used for this purpose. A simple flow of how the data is 

consumed from the PSB and stored into the lake is shown in the figure 25 below. 
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Figure 25 Data flow to Hadoop 

 

The data is consumed from the topic on the Kafka message bus and then converted into a 

tabular form before storing it into the hive. This is done to make it smoother to access the 

data while calculating the KPI’s and visualizing them. To make this process more efficient and 

traceable, a timestamp is also added to the data and this timestamp shows the time and date 

on which the data was consumed from the PSB and saved onto the data lake. 
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4.5 Zeppelin 
 

It was identified that to convert the large quantities of data collected from the assembly 

stations into an intelligible data some processing needs to be done on the data. The 

parameters that were important to the maintenance and production engineers were 

identified by interviewing people from maintenance and production department at Scania. 

One important information that helps the production team in ensuring the on-time delivery 

of the product and quality of the produced product was the number of not ok tightening’s 

performed by any tool. To calculate and make this information available for the production 

team, a service was created by using Zeppelin to consume the data from PSB and calculate the 

not ok tightening’s for each station and visualize these in a form of a graph for the engineers. 

 

 

Figure 26 Parameters displayed for tools for production engineers 

 

As shown in figure 26, the use of this service segregated the data so that it can be used 

efficiently by the production engineers. The figure 26 shows the key parameters for the Pistol 

tool and Angle tool connected to the PF 6000 controller. The advantage of using this service 

is that the engineers can visualize the data in a number of different ways for example they can 

view the tightenings performed by any tool and sorting it according to the timestamp or a 

particular shift. This helps in providing a better traceability and ensuring the best quality.  

Another important information for the engineers at the production and the maintenance 

department was to visualize the number of not ok tightenings by a certain tool since that can 

help in identifying any potential maintenance issue in the tool or a possible quality defect in 

the product. 
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Figure 27 Not Ok Tightenings calculated and visualized 

 

This was achieved by some post processing of the data consumed from the PSB. This was done 

by using SQL queries. As shown in the figure 27, the bar chart shows the number of not ok 

tightenings done by each tool. It is also possible to create a username for each user and restrict 

the access to information according to the need i.e. maintenance department would be able 

to access information about the parameters useful for them and the production engineers will 

have access to certain parameters in order to make the use of information more efficient. 
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4.6 Information flow 
 

Once the architecture was deployed and the services were created and tested individually 

then the final step was to connect all the power tools including the PF 6000 controller with 

the PSB and check the complete system if it was functioning as required. The figure below 

summarizes the information flow for the complete system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 Information flow for complete system 

 

As shown in the figure 28, one power tool is being used at each assembly station. Station 1 

and 3 use the nut runner and perform tightening at 5 Nm and 15 Nm respectively whereas a 

pistol tool is used at station 2 and 4, both performing tightening at 2 Nm. These four tools are 

connected wirelessly to Atlas Copco PF 6000 controller and transmit all the tightening data 

directly to the PF 6000 controller in real time. Each station is denoted as a virtual station in 

PF 6000 



46 
 

the controller and the data for each station could be accessed on the controller by using its 

HMI.  

The integrator computer is connected to the PF 6000 controller using the factory Ethernet and 

establishes the link between the controller and the PSB. Integrator, using the open protocol 

extracts the information from the controller and then converts it to the format suitable to be 

published to the PSB as a message. Every time a new event occurs i.e. tightening is performed, 

a message is published onto the PSB that can then be consumed by other systems connected 

to the PSB. 

Two consumers were identified in order to achieve the objectives of this thesis work, A 

Visualization application that can consume the data obtained from the tools and display the 

key information for the shop floor operator and an application that can utilize the data from 

power tools and calculate KPI’s. In future the plan is to connect other systems at the pedal car 

line to the PSB as well which will include the AGV robots, Smart Glasses used by the logistic 

department, EBBA and DIDRIK. 

As shown in the figure 28 at the location marked with number 4 is the visualization application 

that was created during the course of this thesis work. This REST application is created using 

Node js and directly subscribes to the PSB to consume the data coming from the power tools 

and process it to display the key parameters to the operators at the shop floor. The working 

of this application has been explained in detail in the section 4.3. 

Second service created during this thesis work is the application to calculate KPI’s. In order to 

achieve this objective, Hadoop data lake was used to subscribe to the PSB and consume / store 

all the events so that the KPI’s can be calculated using Zeppelin. Details about the 

functionalities of Zeppelin has been explained in the section 4.5. 
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5.  DISCUSSION 

Chapter 5 provides the comparison between the currently used architecture at Scania with the 

newly deployed even driven architecture and also a comparison between the old controller 

with the new PF 6000 controller. This chapter also contains the limitations and challenges 

faced during the course of this thesis work. 

 

 

This thesis work is the first implementation of an event driven architecture on the shop floor 

level at Scania, Södertälje. As explained in the section 2.4, currently the production 

information system at Scania is designed to integrate and interpolate between different layers 

meaning that the information from the shop floor needs to pass through all the layers creating 

a point to point communication channel before it reaches the top layer and vice versa . The 

introduction of even driven architecture will help convert the system from point to point 

communication to a more loosely coupled architecture where the systems can communicate 

by subscribing to or publishing data. 

In order to have a standardized way of communication and to enable a smooth deployment 

of endpoints and micro-services, a Kafka message bus was implemented which also ensured 

that the data could easily be collected in a standard format from various devices on the shop 

floor which will not only help in utilizing the previously unutilized data but will also help in 

reducing the dependency on the vendors. Now with the implementation of new architecture,  

the communication between the systems will be via the PSB and the format of the message 

has been standardized hence the integration of new machines will be more like plug and play. 

This implementation of the event driven architecture is fulfilling the demand of the future 

since it is easy to control and easy to reconfigure making it an example of the fourth industrial 

revolution. The architecture implemented has been tested over the factory network as well 

and there are no delay or any issue of lost messages. As shown in Figure 28 there is a plan to 

introduce more endpoints in future which will include DIDRIK, EBBA, Smart glasses and AGV 

robots hence making a lot of data accessible to all the systems connected to the PSB allowing 

to consume the data and make intelligible decisions. 

With all these new automated machines, robots and tools it has become very important to 

collect and process the large amount of data generated by these equipment and to post 
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process it in order for it to be useful for the industry. A lot of industries have failed to progress 

just because of not realising the benefits of analysing and using this data. The implementation 

of PSB and the event driven architecture is a stepping stone towards the direction of utilizing 

the data to Scania’s advantage. 

In order to achieve the visualization of key parameters for the operators at the shop floor, a 

micro service was developed and successfully implemented which subscribed to the message 

bus for events. Previously there was just a stack light used to alert the operator by flashing a 

green or red light but with this visualization API not it is possible to display a set of useful data 

for the operator. This visualization of data reduces the waste of low level data (shop floor data) 

within the industry by helping it to convert into more meaningful information. Another 

endpoint was developed and implemented to further utilize this data and convert it into 

decision making data and that was the KPI calculation. 

The power focus 6000 controller from Atlas Copco is also the first controller of such kind which 

is installed at Scania, Södertälje. The major difference between this new generation of 

controller and its predecessor is that the power tools connect to this controller via an internal 

wireless network and a single controller can control up to six different virtual stations. During 

the course of this thesis work, four virtual stations were configured and four different power 

tools were connected to and used with this controller. The biggest advantage of this controller 

is that it provides a wire free shop floor and cost saving of having a single controller for six 

stations but it was noticed that the working range of the tools connected to this controller is 

very less, approx. 20-30 meters and it was even shortened if other wireless devices like 

mobiles were present near to the controller. This issue could be rectified by installing a range 

amplifying antenna sold separately by Atlas Copco. It was also observed that if the tool was 

moved out of the range then it takes around 60-90 seconds for it to reconnect to the controller 

once back in range but during this time the tools does not operate which means that this could 

cause a lot of delay if it happens during the production. This reconnection could also cause 

quality issues since after reset the pre-set tightening routine starts from the beginning so if 

the connection is disrupted during the tightening then the tightening result may not be 

accurate.  

On the other hand using this new controller makes it less time consuming to configure changes 

in the tightening programs since this controller provides an extra provision of changing the 



49 
 

program from the HMI on the controller whereas in the older models of the controllers 

currently used at Scania, it is not possible to make changes in the program without using the 

Tools Talk software. The new wireless power tools can also be equipped with small displays 

on top of the tools itself which is more effective because they provide an immediate feedback 

to the operator about the tightening performed i.e whether it was within the limits or was it 

a not ok tightening eliminating the need of operator to look up at the stack light after every 

tightening operation. 

 

5.1 Limitations & Challenges 
 

It was quite challenging to extract the data from the power focus 6000 controller since the 

only way to access the data was by using the open protocol hence a small service had to be 

created which establishes the connection with the PF 6000 by sending a set of MID commands 

and extract the data. The PF 6000 would automatically close the connection every few minutes 

hence the service had to be designed in a way that it keeps the connection alive even if there 

is no new event occurring. The data extracted from the PF 6000 controller was always in the 

form of a string hence an added transformation service had to be created in order to convert 

it into a JSON object so that it can be published as a message onto the PSB. 

Although the architecture is implemented at a real shop floor but the frequency of events 

occurring i.e the frequency of tightening’s performed by the power tools is less as compared 

to other production lines at Scania since this is just a training line hence the production volume 

is less, so the capability of the system to handle larger number of events in a short time is still 

to be tested
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6.  CONCLUSION AND FUTURE WORK 

This last chapter contains the conclusion of the work done during this thesis work and also 

contains a section with the possible future work that can be carried out using the research 

and development work done in this thesis. 

 

6.1 Conclusion 
 

As discussed in the previous chapter, the work done and presented in this thesis work fulfills 

the objectives set before beginning this work and the architecture including the endpoints and 

services did perform as intended. The data saved in the Hadoop data lake and the visualization 

of KPI’s in Zeppelin and the fact that the services developed and implemented during the 

course of this thesis work are being used at the pedal car line assembly area concludes that 

the architecture did perform as it was intended to. 

Referring to the objectives of this thesis work. The old assembly tools were replaced with the 

modern smart tools from Atlas Copco having the capabilities of communicating with the latest 

model of the Power Focus controller (PF6000). The architecture developed and implemented 

during this thesis work is capable of collecting data from the shop floor equipment and enables 

a smooth deployment of endpoints and services. The architecture can be characterized as SOA 

or an EDA since it allows the services to be loosely coupled and a fast deployment of new 

endpoints. The dependence on vendor is minimized for the data collection due to the 

development and implementation of the standard interface for the communication. 

A micro service was developed and implemented to collect data from the power tools in real 

time and convert it into meaningful information for the shop floor operator and it fulfills one 

of the major objectives of this work i.e to utilize the data in real time. Another endpoint was 

developed to calculate the KPI’s and visualize in a way that are meaningful for the 

maintenance and production engineers.    

This work helps to establish that the event driven architecture can be deployed at the very 

base level (shop floor) within a real production environment and the data collected from 

various equipment can very well be converted into a more meaningful data in real time. The 

data collected from these equipment can be used for optimizing the production or pin pointing 
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the source of quality defects. The data collected from the shop floor machines can certainly 

be used to reduce the inventory levels or improve logistics if utilized in real time and the 

connection is established to the MES systems including ERP and MRP systems and this 

architecture and use of plant service bus at the production floor level has clearly established 

such possibility. 

 

6.2 Future Work 
 

The developed framework can become a part of real time production since it has already been 

tested in the production lab. To have a full efficiency of handling the increasing amount of 

data, a proper big data strategy must be implemented. The developed services are ready to 

be implemented in the production but there is still a need to optimize the services created 

during this thesis work before implementation at other production line in Scania. 

The concept of sending feedback to the tool manufacturers has also been summarized but is 

yet to be implemented. The information to be sent to the tool manufacturers have been 

identified and it will soon be implemented once a request is accepted from the tool 

manufacturers. Improvements can be made on the GUI of the REST API created for 

visualization keeping in mind the ergonomics and pedagogical techniques. 

The analytics performed to calculate the KPI’s can further be improved by removing the minor 

delay of five minutes and performing the analytics in real time in Hadoop and Zeppelin. It is 

always good to have the data analytics done in real time so that the maintenance team can 

have an immediate feedback of the operation thus making the solutions for the short-term 

problems faster.  

The architecture can further be tested in a more constrained production line, having more 

tools, more stations and lesser tact time thus creating a large amount of data in a short period 

of time pushing the system further and testing its capability. The software stack will have to 

be optimized according to the new conditions. There are a lot of features in Zeppelin for data 

analytics and all the key parameters need to be identified and should be coded in Zeppelin 

using SQL to make full usage of data analytics which would in turn increase the quality of the 

product and would also help in creating patterns for machine learning. The basic concept of 
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using the plant service bus is to connect everything. Thus, the hand-held power tools need to 

be connected to the robots, the automatic guided vehicle and also other components used 

for assembly in the smart lab.  
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