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Sammanfattning 

Detta examensarbete presenterar försöket att integrerar informationsarkitekturen - Line 

Infrastructure System Architecture (LISA) i en reell informationsarkitektur av en existerande 

industriell produktionslina. LISA är ett koncept för att sammanföra klassiska dataarkitekturer 

för produktionslina med nya metoder som uppkom med Sakernas Internet (Internet of Things) 

och Industri 4.0 trenden.  

Examensarbetet syftar till att bevisa den allmänna kompabiliteten av befintliga system från 

den tiden före Sakernas Internet med moderna datainsamlings och distributionsteknologin.  

För detta syfte analyserades Scanias motorblocktillverkningslina i Södertälje och potentiella 

gränssnitt har identifierats. Data som har generats i en PLC miljö har överförts och anpassats 

till ett format som enkelt kan interpreteras av en modern meddelandehanterare, genom detta 

har datas komplexitet reducerats till ett enkelt meddelandeformat. Utöver detta har PLCerna 
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som används på linjen omprogrammerats så att de stödjer ett applikations protokoll som i sin 

tur stödjs av meddelandehanteraren. 

Resultatet visar att äldre generationens PLCer kan integreras i moderna 

informationsarkitekturer så länge som de har ett Ethernet gränssnitt och kan kommunicera via 

det. I studiens fallet data som har genererats i produktionslinjen i en PLC miljö har 

framgångsrikt indexerats i ett företags sökmotor och därmed gjorts tillgänglig i en webbmiljö.  

Studien har visat att utrustningen som har använts i det undersökta fallet har förmågan att 

integreras i ett modernt Line Infrastructure System Architecture.  
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Abstract 

This thesis presents the approach to integrate the Line Infrastructure System Architecture 

(LISA) into an information infrastructure of an existing industrial production. The LISA is an 

approach to reconcile classical production line data structures with new methods that emerged 

within the Internet of Things and Industrie 4.0 approaches. The thesis aims to prove a general 

compatibility with legacy equipment from the pre Internet of Things area with modern data 

collection and distribution technologies.  

For that purpose the engine block production line at Scania in Södertälje has been analysed 

and possible interfaces identified.  There the data generated in a PLC environment was casted 

into a format that can easily interpreted by a modern message broker and the complexity of the 

transferred data was reduced to a simple message format. Further were the PLCs reprogrammed 

to implement an application protocol supported by the used message broker. 
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The results show that PLCs of older generations are able to be integrated in a modern 

information infrastructure as long as they provide Ethernet interfaces. In the case of the study, 

the data generated in a production line within a PLC environment were successfully indexed in 

an enterprise search engine and thereby made available in a web environment. 

The study showed that the legacy production equipment used in the investigated case has the 

capability to be integrated into a modern Line Infrastructure System Architecture. 
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Automotive Industry, Industrial Implementation 
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1 Introduction 
In many publications it has been stated, that data is seen as a hidden resource in the 

manufacturing industry. The term hidden derives from the fact, that data is omnipresent in the 

manufacturing industry, but often it is unstructured, in the wrong format or not accessible when 

it is needed [1]. When data is transformed into information and made available when it is 

needed, it can be the foundation to better and more educated decisions, which applies for both 

business and operational decisions. The demands for a future production systems are to be 

sustainable, productive, flexible, environmentally friendly and safe for the personnel. To meet 

these demands an improved control and a more efficient optimization is essential. 

To achieve these intentions, a better knowledge about the own systems and processes is 

necessary. In other publications it has been stated several times, that data and its analysis are 

key factors for gaining that knowledge. Further demands in future production systems are an 

improved implementation of the lean principle waste reduction. The main focus is on reduction 

of waste in material, capital, energy and media. To support that, an efficient IT system support 

is needed. 

All the above is based on data and how it is handled, why a strategic data management is 

essential. Efficient data management itself requires a standardized generic information system 

architecture, which is not a standard in the automotive industry nowadays. A first approach to 

define and establish such a system architecture has been made with the FFI-LISA project, which 

was a collaboration between participants of the Swedish vehicle manufacturing industry and 

Swedish academia [1] [2]. 

1.1 The Value of Data 

The presence and importance of data has risen in almost all industries within the last decades 

that development has accelerated even more with the expansion of the internet and the progress 

of web technologies and the advancement of the computing and especially storage capability. 

Recent trends have shown that the amount of data collected increased exponential, which 

required smarter ways of analysing and evaluating data. In that context the term Big Data, 

which describes large or complex data sets, has emerged [3]. 
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In relation to the trade with data new business models have been developed and successfully 

applied. Nowadays successful companies exist, which have their entire business models based 

around the trade with data. That alone can be seen as indication that having the right data 

available in the right context has a great value. But there are further arguments that attest data 

a high value. First of all it can be assumed that decisions based on information tend to be better 

decisions than decisions relying on an impression or just a gut instinct. There is no doubt, that 

decisions based on assumptions can turn out to be good decisions, but there is less reliance in 

a good and scientifically sound outcome. That makes decisions based on information better and 

most notably to educated decisions. To get information about something, the data available has 

to be analysed. It is believed that educated decisions are better decisions. 

Simple examples for that can be found for instance in production flow optimization. In 

methods like Value Stream Mapping it essential for promising outcome to analyse the current 

state by collecting data about the current production to be able to make suggestions for future 

improvement. Often much work has to be spend in collecting accurate data and the chances for 

a good result increase with both quality and quantity of available data. 

The fine-tuning of production lines depends on knowing the system and identifying 

bottlenecks or an unbalanced production line. Often that is determined by simulations, which 

itself are of better quality if better input data for the simulation is available [4]. The simulation 

gives better results if data for the real production flow is available to compare the simulation 

outcomes in order to verify simulation models. 

1.2 Vision for a Digitized Production 

Despite the known facts about the value of data, investigations have shown that data is not 

properly utilized in production nowadays. That has been stated especially for the Swedish truck 

manufacturing industry in the initial phase of the LISA project and was one of the reasons to 

start the LISA project [1]. 

Reasons for not utilizing data properly are diverse, even if the value of data is recognized, in 

a running production certain obstructions exist that keep manufacturers from gathering data in 

a large and structured manner. A main reason, especially for manufacturers with a certain 

production size, is that manufacturing systems have grown over time. If products have rather 

long life cycle times, big product changes are less frequent and the production machines have 



3 

rather long amortization periods, which can be about 20 years and longer. Amortization periods 

of that duration are very common in the car and truck manufacturing industry. 

Technological products on the other hand getting shorter innovation and lifetime cycles. That 

includes the controllers of machines, where new generations of control units are released in 

shorter time intervals than new generations of production equipment. Due to that, production 

lines often consist of machines and other equipment that has different versions, fabricates and 

manufacturers. That makes common used standards a rare thing. Further is data often treated 

in system specific manners and cannot easily be exchanged between all used systems. That is 

due to missing standards for horizontal data exchange (from machine to machine). These 

standards often only exists within product families of suppliers and even there exist 

incompatibles between different product generations. 

To overcome these incompatibilities a recent trend is the approach of creating an Internet of 

Things (IoT). In that approach the fact is utilized that a very broad range of all sorts of 

technological products has the ability to connect to an Ethernet based network. The IoT is a 

vision where all objects or things are connected to a network which is based on the technology 

of the internet, which are TCP/IP networks. There objects become cyber-physical objects which 

are part of a network and contain information which they share with different other participants 

in the network. The idea of the Internet of Things has its origin in the RFID technology to 

enable identification of objects in a digital world, and the approach to have one common 

network as platform for communication. To use the IoT for the communication and data 

acquisition on a shop floor level, every machine and every production equipment has to be 

connected to an Ethernet based network. Where in most cases the controller of the equipment 

is the element that is directly connected to the network. That makes the PLC to a cyber-physical 

entity. [5] 

When applied to a production network, two kinds of integrations are required, the vertical 

and the horizontal integration. In Figure 1-1the different levels of automated manufacturing are 

shown. In that hierarchy the vertical integration would be the information flow between 

different levels. The data is produced and collected on the lowest levels, which are the levels 

where equipment and machines and their control units are located. 
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Figure 1-1 The levels of an automation architecture 

Those levels are called the automation layer. This data has to be distributed in a vertical 

dimension, which means that it is made available on the higher levels, where software for 

manufacturing operations management (MOM) and software for enterprise or business 

operations are located. At the same time data flows back from the production control systems 

to the machining equipment. That integration is described as machine to internet or machine to 

human communication. The other integration is the horizontal which is described as 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 information [6] 

Both integrations have to be established in a network architecture to provide the basic 

preconditions for most of the objectives of the Industrie 4.0 vision, which will be explained 

more extensive later on. The German spelling of Industrie is kept due to the brand name 

Industrie 4.0 which was coined by the German high-tech strategy [6]. 

1.3 The Benefits of Data Availability 

Based on an infrastructure that realises vertical and horizontal integration, and with the value 

of data in mind, several benefits can be achieved with proper data processing. They can be 

divided in short and long term benefits. 

Through data collection and analysis the knowledge about the own production system 

increases by a big amount, which uncovers the potential for production improvements and fine-

tuning of production lines. Further do tasks like identifying tact and cycle times for an entire 

production line become more convenient. Furthermore production related decision making is 

supported by that data as well, what leads to better and most of all more educated decisions. 
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The time frame for the most long term goals and benefits is set within the Industrie 4.0 

initiative to 10 to 15 years and are often of visionary character. Part of the long term benefits is 

the follow-up of Big Data handling. With a big data approach a faster and better decision 

making process comes along, if implemented properly, which is already standard in the IT and 

web business. In IT data is sold for revenue, but in production the data is rather used for 

optimization and decision making which leads to an indirect profit gain, because the efficiency 

can be increased which leads to lower production costs. 

Further benefits with a longer time horizon can be found in the agenda of the Industrie 4.0. 

A main goal is the smart factory which produces smart products. That would imply a self-

organising production where the products determine their path in the production line 

autonomously and thereby increase the degree of individualisation in mass production with the 

final goal of having a possible lot size of 1 and having products monitoring themselves. 

Achieving that would be a mean a complete turnover of the previous production logic, which 

is usually a centralised organised and in advance planned production, to a decentralised and by 

the product steered production. 

1.4 Thesis Structure 

After that general introduction to the topic data in an industrial production environment this 

thesis is divided in several chapters. In the second chapter the background of this thesis is 

presented and finally the task itself is explained. 

In the third chapter the systems involved in the task and what challenges are connected to 

them are explained. 

The fourth chapter the selected solution for the task is described and technical details are 

explained. 

Then the solution is discussed and a conclusion for the related fields is drawn. In the last 

chapter finally the future work is described. 
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2 Task and Background 
After the basic introduction to the topic of data acquisition in a production environment, in this 

chapter the background and the task itself is explained. The background is mainly the LISA 

project, for which this thesis is a continuation. 

Further the Scania production and in special the motor block manufacturing line in Sodertälje 

is described at which the case study for this thesis was¨ conducted. Finally the task, an industrial 

implementation of the tweeting factory is introduced. 

2.1 The LISA project 

The FFI-LISA project is a Swedish research project, which was carried out by three Swedish 

universities and representatives of the Swedish car and truck manufacturing industry between 

2011 and 2014 .The academic partners were Chalmers University of Technology (Gothenburg), 

Royal Institute of Technology (KTH Stockholm), and Lund University. While the partners from 

the car and truck manufacturing industry were Scania CV AB and the Volvo Car Corporation. 

The term LISA stands for Line Information System Architecture and describes thereby one 

of the objectives that were targeted to develop within the research project. The project was 

initiated after an investigation how data is collected for Manufacturing Execution Systems 

(MES) and it was detected that there was no standardised way of data acquisition in the 

automotive industry in Sweden. In the research project a study was conducted how data is 

collected currently and thereby the challenges for data acquisition were identified and the 

demand for a Line Infrastructure System Architecture in the Swedish and global automotive 

sector was determined. 

A main objective for the architecture was to have a certain flexibility to handle changes in 

the line, which is important because it was seen to be a disadvantage that in the current data 

infrastructures many connections are hard-coded and have to be build all over again, if the 

production layout changes. Other objectives with the LISA are to simplify the performance 

measurements of lines as discussed in [7] or to enable the accessibility of data via web services 

as in [8]. The project intended to create an architecture with a reduced complexity, which was 

achieved by decoupling systems in order to reduce the number of hard coded connections. 

Therefore a new middle layer was introduced that acts as communication layer between the 



7 

layers shown in Figure 1-1. The functionality of that communication layer was implemented 

by an Enterprise Service Bus (ESB), which enabled easier changes on the lower production 

level. The Service Bus is a message bus that acts as a message broker to forward messages 

between endpoints as described in [2]. The further means of an enterprise service bus are 

elaborated in [9]. In order to test and prove the selected system a set of software components 

were selected and software was written in Scala to demonstrate the functionality. 

In further demonstrators parts of the solutions, how to connect machines and further 

equipment to the architecture, has been shown. A key concept in the LISA is to simplify 

messages to a simple key-value structure which is combined with header information such as 

topics, producer and timestamps. These messages can then later on be filled with meta data to 

transform them in more valuable information. 

 

Figure 2-1: Overview of the Tweeting Factory 

The basic architecture for the tweeting factory is shown in Figure 2-1. There the producers 

generate messages based on events that occur during production. That event can be everything 

that happens at a producer and can be measured. The message is complemented with a topic 

and an identifier for the producer. Then services use these messages to process them into 

information or fill the messages with meta-data to enrich the value of the data in the message 

and turn it into information. Then subscribers can consume the message and use them for data 
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visualization or further services, which are not defined yet. From that functional principle the 

analogy to the social network Twitter derives and therefore the subtitle, the tweeting factory 

was brought up. As part of the research project a software framework has been developed in 

which the ESB and the developed Scala code play a major role. 

 

Figure 2-2: LISA Framework 

In Figure 2-2 it can be seen that the ActiveMQ message bus plays a central role and it 

functions as message bus which often is also called an enterprise service bus (ESB) [10]. 

Another term used to describe the functionality is message broker. Services and devices are 

connected to that message bus in several ways. The services were in the demonstrators 

represented through developed Scala code. The shown database, which dynamically stores data 

is in the demo case the search and storage engine ElasticSearch [11]. As seen in Figure 2-2 

there are two possible ways of connecting production and automation equipment to the message 

bus. One technology is the virtual device, where a dongle or an adapter connects the physical 

device to the message bus and converts the signals from the equipment into an appropriate 

format. That technology has successful been tested in the body in white production of Volvo 

cars. And similar technologies have been tested in small demonstrators. The other approach of 

connecting controllers and the connected machining equipment directly to the message bus has 

not been implemented within the project and will be objective of this thesis work. 
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As further achievements within the project, important Key Performance Indicators (KPI) for 

a production line have been identified and the requirements for measuring them have been 

defined. Related to that, members of the LISA project contributed to the ISO standards 20140 

and 22400 which further specify KPIs for manufacturing operations management and the 

environmental impact of manufacturing systems [12] [13]. 

A permanent implementation of the Line Infrastructure System Architecture in a live 

production environment has not been done yet, but such an implementation is a requirement to 

collect data for further investigation and development of services based on the architecture and 

the data collected. A very similar implementation to the Architecture was done by Volvo Cars 

in their production, but in that case the focus was rather on the integration that on the 

visualisation [14]. 

2.2 SCANIA Production 

One of the project partners from the industry was Scania CV AB, which is at the same time the 

company at which the case study is performed. Scania is a Swedish automotive industry 

manufacturer of commercial vehicles. The main business of Scania are heavy trucks and buses. 

Scania manufactures and sold in 2014 59587 trucks, 7412 busses and 1495 engines per year 

[15], where each Bus and Truck is equipped with an engine. The engines are mainly used for 

motive power of vehicles, marine and general applications. The production of Scania within 

Sweden is separated into three production facilities: Lulea, Oskarsham and Södertälje. Further 

facilitates are located¨ in France, the Netherlands, Argentina, Brazil and Russia. The biggest 

part of the production is based in Södertälje, where the head-office, and the Re-¨ search and 

Development department is located as well. The manufacturing and the assembly of engines is 

done in Södertälje, where the machines and¨ some parts of the motor assembly is conducted on 

the DL-Blockline. The DL-Blockline produces two kinds of engine blocks the five cylinder, 9 

litre and the six cylinder, 13 litre. Scanias IT systems in production are organised according to 

the Purdue Enterprise Reference Architecture [16] and are aligned with the ISA 95 standard 

[17]. On the Blockline Scania has a system called DIDIRK for machining which is for 

interconnecting production equipment. Thereby DIDRIK for machining is used to enable 

product traceability in a production line with several parallel machines, further has it an 

integrated functionality to monitor machine statuses and to report to Scania’s PUS system 
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(ProduktionsUppfoljningsSystem which translates to¨ Production Monitoring System). That 

makes DIDRIK to a level 2 system in accordance with ISA95. In the Blockline the products 

are automatically moved between the process steps by a gantry loader system. During 

manufacturing the products are given a Product ID which is lasered into the product. At 

different locations that ID is scanned by an optical system. DIDRIK for machining is based on 

DIDRIK for assembly in that terms, that it is based on the same platform, which is an 

implementation based on the SCADA [18] system WinCC [19].  Even though both DIDRIK 

systems are based on the same platform, they fulfil different purposes. 

Through that system there is already a rich amount of data in a form available that can be 

processed by computer systems. 

The Blockline has within Scania the first and until now the only fully implemented DIDIRK 

for manufacturing system. In contrast to the DIDRIK for assembly that system is event based. 

Due to that already existing event based data processing, the DL-Blockline was selected as 

sample production line for a real case implementation of the LISA architecture. 

2.3 The Task - A LISA Implementation 

The task in this thesis work is to take the results from the LISA project and implement the 

architecture in form of a tweeting factory on the DL-Blockline at Scania. Therefore the existing 

DIDRIK system already brings very good preconditions for an implementation case in which 

the machining and control equipment is directly connected to the message bus. That is due to 

the fact that the signals and data which are measured and generated in the remote controllers 

are already send to a central hub - the PLC. The implementation from the LISA project is a 

working architecture, which has proven its functionality in several demonstrators and can be 

extended with functionalities if intended [20]. What not has been done yet, is to connect 

machining equipment on direct way to the architecture. In every approach that has been done 

so far, machining equipment has been simulated, replaced by log files and databases, or 

machines have been connected via virtual devices or adapters. 
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Figure 2-3: Overview of current and future implementations 

As seen in Figure 2-3 the assortment contains three big areas. The architecture developed in 

the LISA project, the existing production at Scania, and the planned deliverables of the LISA2 

project. The main task for this thesis project is the connection of the DIDRIK system, which is 

seen as part of the production line DL-Blockline, to the message bus. Part of that 

implementation is to analyse the data and its formats in the DIDRIK system, and to convert it 

into a compatible format with the data structures in the LISA architecture. Challenges there 

will be to identify appropriate interfaces and protocols to establish a connection. Therefore the 

system within the Scania production has to be examined, components identified and a way how 

to connect these to the message bus of the LISA architecture has to be found. 

The working method for that will be a problem solving circle, where the working steps are, 

to define the problem, analyse the problem, identify possible solutions, choose a solution, plan 

the implementation and finally do an implementation. That entire procedure will be a problem 

solving circle since it is expected that several iterations are necessary, where one solution might 

lead to another problem. Therefore the initial defined problem, to connect the DIDRIK system 

to the ActiveMQ message-bus, is solved in several steps where different sub-problems have to 

be solved in order to establish the connection between the two systems. After the successful 

connection of the two systems, programs within the LISA architecture are adapted and executed 

in order to verify the functionality. After the verification, demo services are developed to imply 
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the potential of the acquired data. An example for such a demo service is a simple visualization 

of machine availability.  
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3 Systems and Challenges 
As described in the previous chapter, the main task of this thesis project is to establish a 

connection between two systems and enable a data transfer between them. The two systems are 

on the one side the LISA architecture, where the interface is located in the ActiveMQ message 

bus [10]. And on the other side the DIDRIK system on the DL-Blockline, where a Siemens S7-

400 PLC [21] is the central data hub which will provide the interface on DIDRIK side. In this 

chapter the two systems are analysed and described more extensively. The path how data is 

exchanged between these two systems is described. The description will begin with the 

DIDRIK system, since it was the first system to be investigated. That is due to the fact that the 

DIDIRK system is more rigid and components cannot be exchanged that easily because they 

are already part of a running system. While elements of the more conceptual design of the LISA 

architecture can be exchanged more easily in case an incompatibility occurs. 

3.1 The DIDRIK system 

The DIDRIK system for manufacturing is, as mentioned before, a system to enable product 

traceability and status monitoring in a production line with several parallel machines. That 

information is made available to workers on the shop-floor via HMI stations and the product 

information is reported to Scania’s PUS system. The DIDRIK interfaces for DIDRIK are 

specified in [22]. 

In Figure 3-1 a schematic overview of the organizational structure and communication within 

the DIDRIK system is shown. All devices on the Blockline that have programmable controllers 

are connected to industrial Ethernet, which is called the process network. That network is 

mainly used for programming and maintaining the controllers. The same network is used by 

the Siemens PLCs in the production line to exchange data via Siemens specific protocols. The 

DIDRIK system is organized with a Siemens S7-400 PLC as the central component where all 

the data is collected. The specifications of the PLC are according to [21]. That data is produced 

by the PLCs in the machines, the optical ID scanners and the gantry loaders. Though the data 

is produced in the remote units, they are not directly transferred to the 
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Figure 3-1: Schematic Overview DIDRIK for manufacturing 

central PLC as seen in Figure 3-1 the machines, the scanners and the gantry loaders all send 

their messages to the gantry portals. In that system the machines, the gantry loaders and the 

gantry are controlled and programmed by the manufacturers. In that constellation Scania has 

no control over the subsystems and only defined the interfaces and the required data. The 

implementation on the machine PLCs is done by the suppliers. Which denies Scania a direct 

access to that systems. The systems can be seen as closed systems with known interfaces but 

the systems itself cannot be manipulated. That fact would make an implementation without the 

central PLC on the Blockline impossible, if the paradigm of functionality ownership is not 

changed. The mentioned data is either machine status information or product position 

information. The machine status is a binary signal which describes the status of each machine, 

which is coupled to the operational status lights on each machine, further is the information 

which machine is in use, the operation mode and the duration of a machining cycle tracked. 

That data is gathered in the local PLC of the machine as part of the NC unit, and then send via 

a Siemens specific communication protocol to one of the gantry portals. The product position 

is tracked by the gantry loaders in combination with the gantry portals. In that system the 

product ID, the product type, the status for a product, the position where the event occurred, 

and the used fixture is processed. The information which was gathered in the gantry loaders is 

then send via a Siemens specific communication protocol to the portals which forward it central 
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PLC of the DIDRIK system. The method how the data is handled in the gantry portal is not 

known. 

That situation leaves all the data in several data blocks in the central S7-400 PLC where the 

data blocks contain data in a user defined types (UDT) which were created for the purpose of 

holding the specific product and machining information. 

The PLC used in the DIDRIK configuration is equipped with a module containing a network 

(CP) card. That CP card provides the PLC with Ethernet ports and enriches the CPU 

functionality with several communication functions which are based on the Ethernet standard. 

Important here is to point out that the communication is based on profinet, which is according 

to the specified standards [23]. Essential for finding a possible interface between the two 

systems are the protocols supported by the PLC on the transport and application layer. The 

transport protocols are the UDP and the TCP protocol. On the application layer only Siemens 

specific protocols are supported. The alternative is to send information without a native 

protocol, which is stored in the memory of the PLC. The data types of a PLC usually range 

from Bool over Integer up to String or ASCII Characters. 

Here the challenge is that the message bus operates on a technological higher level and is 

used to handle more advanced data types and objects, which are easier to handle in a computer 

system, but which are often bound to programming languages and cannot be handled by a PLC. 

Therefore the message bus has to support an application protocol that is transferred via a TCP 

stream and can be emulated by the PLC. 

3.2 Components of the LISA architecture 

The LISA framework as shown in Figure 2-2 consist of several components, thus for this task 

only the connection between the message bus and the production equipment such as machines 

and programmable controllers is of interest. Nevertheless the components of the LISA 

implementation from the research project are described here briefly. All endpoints that are 

labelled Service in Figure 2-2 are SCALA programs that run on a Java-Virtual-Machine. That 

program exchanges messages with the message bus via the publisher and subscriber principle 

and the processes the data within the program or sends out new messages to other recipients. 

That functionality is realized via the akka libraries [24]. Examples for the services that have 

been implemented as part of demonstrators in the LISA project are the indexing service and the 
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transformation service. In the Indexing Service the messages received from the message bus 

are parsed into a Json format [25] and the data then indexed into an ElasticSearch [11], which 

is a search server based on Lucene. There the data is indexed in a database. Such an indexed 

database is a good entry point for further data analysis or a data visualization of large datasets. 

In the Transformation Services data that does not have the right format to be send via the 

message bus, is transformed in an appropriate format. Such data could be stored in log files, 

databases or other data sources. 

The virtual device works through a similar principle, in that device data is processed and 

transformed in a program before it is passed to the message bus, which is done in case the 

equipment has not the ability to communicate directly with the message bus. 

Though the programs have been written in Scala, every other modern programming language 

could have been used as long as libraries exist for that language that support a communication 

with the protocols of the message bus. 

The central element in figure 2.2 is the Apache ActiveMQ message bus or message broker 

[26]. That message broker is written in Java and supports the Java Message Service API. With 

that API messages can be exchanged between the broker and Java programs in form of Java 

objects. In the current version the Apache ActiveMQ broker natively supports nine different 

application protocols. The protocols serve different purpose and a detailed description of the 

protocols can be found at [10] 

3.3 Challenges 

The previously described system leaves us with the situation as shown in Figure 3-2 after 

filtering solutions that are apparently not suitable. 

 

 

Figure 3-2: Overview of challenges for the task 

On the ActiveMQ side of the connection a TCP socket connection has to be build up and the 

communication has to be done in one of the many application protocols that the message bus 
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offers. On PLC side no open documented application protocols are available. Apart from 

sending in the Siemens protocols, all that can be done is sending the content of defined memory 

areas within the PLC, where the data type is not further specified. The options to enable a 

communication between the two members are the following. The most convenient solution is 

that the PLC already implements an application protocol which the message bus is capable of 

interpreting. That option is in the available PLC generation not integrated. That limits the 

options to: 

1. Program the PLC to interpret and generate messages in one of the available protocols on 

the message bus side 

2. Create an adapter that is inserted into the connection and translates messages between 

protocols 

3. Select an alternative message broker that natively supports a protocol available in a PLC 

Due to the fact that the implementation is based on the achievements of the LISA project and 

that in the LISA project the ActiveMQ was picked as standard solution is the third option just 

an alternative plan in case the other options turn out to be not feasible. Further was it intended 

to enable the connection directly without an adapter or a virtual device [14]. At least one of the 

supported message protocols is text based, which makes option one of the most promising one. 

In that case the main challenge is to write function blocks for the PLC to create messages in 

the message protocol and to integrate these blocks in the DIDRIK program in the PLC so that 

the PLC is constantly sending out messages whenever an event occurs. 

  



18 

 

4 Implementation 
From the solutions shown in the previous chapters it was chosen to do an implementation that 

follows the most convenient approach. There, a direct TCP socket connection between the PLC 

and the message bus is established and the message protocol in which the communication is 

conducted is the Simple Text Oriented Message Protocol (STOMP). For that purpose the PLC 

has to be programmed in order to implement the STOMP protocol. 

4.1 Test Environment 

In order to be able to develop, debug and test the solution a test environment, which is 

decoupled from the live production was needed. That was a requirement to avoid disturbances 

in the live production. It was chosen to simulate a similar set-up to the DIDRIK environment 

and run the required servers for the LISA architecture on virtual machines. In the DIDRIK 

system it was sufficient to simulate the central PLC unit and simulate event based data. The 

development environment from Siemens for PLC programming is Step 7 or Totally Integrate 

Automation Portal (TIA), depending on the generation and version of PLCs which are used. In 

both versions a simulation tool for PLC, which is called PLCSIM is included. With that 

simulation tool usually the usage of a real CPU for testing can be avoided. Hence the PLCSIM 

tool is lacking support for network communication in the case of the test environment it could 

not be worked with a simulated PLC, and as conclusion a real CPU was required. 

Due to limited resources within Scania and the LISA project only a Siemens S7-1500 CPU 

was available, which was provided by KTH. The S7-1500 is in a similar product range like the 

S7-400, but is from a newer generation and has a different architecture than the S7-400 [27]. 

Despite the differences it is possible to generally test the capability of a Siemens PLC to 

communicate with a message bus via the STOMP protocol. The advantages of using the newer 

generation of PLCs, and with that the new programming environment TIA portal, are an 

extended function library for the PLC and a more user friendly programming interface, which 

shortens the development work necessary to set up a PLC program. 

The disadvantages are that an implementation in the newer generation is not downwards 

compatible to the prior versions and only the general working principles can be adapted and 
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used on the old generation of PLCs. When switching back to the older generation the PLC 

program has to be rewritten in an adapted version. The entire test environment consist of one 

S7-1500 CPU and three virtual machines, which are hosted on one physical machine but run 

different operating systems. The virtual machines were hosting two Linux server distributions 

which are hosting an ActiveMQ server and an ElasticSearch server. The third virtual machine 

was running a windows operating system and acted as Programming device (PG station). 

Virtual machines were selected due to a higher flexibility, the ability to simulate hardware, 

and restrictions in the industrial IT environment at Scania. The restrictions in the IT 

environment limit the access to certain update severs which was needed to set up the 

programming environment, and install and update certain software. The limited access was 

bypassed by connecting the virtual machine host to the university network via a VPN tunnel. 

The disadvantages of hosting the servers and the PG station on virtual machines are a more 

difficult procedure to find errors in the system and debug them, and a limited network 

connectivity, which caused problems to connect the used PLC to the PG station. 

 

Figure 4-1: Network plan for the test environment 

Figure 4-1 shows the local network setup for the test environment, where the PLC and the PG 

station are part of the DIDRIK simulation, and the ActiveMQ server and the ElasticSearch 

server are part of the LISA architecture. The previous mentioned VPN tunnel is not 

represented, because it was only used for the setup and the configuration of the sever, for 

which internet access was required. 
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4.2 STOMP implementation on the PLC 

One part of the implementation was to program the PLC to communicate in an application 

protocol that is supported by the message broker. From the list of available protocols the 

STOMP protocol was selected. STOMP stands for Simple (or Streaming) Text Oriented 

Message Protocol. The STOMP protocol was selected because it is in line with the intention to 

send messages with a simple and rather short structure. Further is the protocol text oriented, 

which ensures a compatibility with some of the data types used in the PLCs. The main 

functionality of the STOMP protocol used in this implementation is the ability to connect and 

login to a server, send a message, and disconnect from a server. 

A PLC program was written that cycles with a few seconds delay through the following 

procedure: 

• Log in to the message bus 

• Send message 1 

• Send message 2 

• Send message 3 

• Log out from the message bus 

• Restart cycle 

In the test environment the messages were obtained from static data blocks containing the 

message body. The protocol and header information were added through a self-developed 

function block that combines the three message parts to an Array of ASCII characters to one 

entire message sequence. Such a set-up ran stable and without disturbances in the lab set-up, 

though the long term behaviour never has been studied particularly. The functionality of the 

Tsend C function block, which was used to send messages via the TCP socket, supports the 

long term stability in that term, that a new TCP socket is opened at every block call and closed 

afterwards. The standard construct for the STOMP protocol looks like: 
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COMMAND 

<header1>: <value1> 

<header2>: <value2> 

<Body> 

ˆ@ 
Table 1: STOMP Protocol Structure 

In that sequence every line ends with an End of Line character (EOL) and the message is send 

with ˆ@ which is a representation of the NULL character. The EOL character is a combination 

from a carriage return (CR) plus a line feed character (LF). The ASCII representations are OCT 

015 (equals CR) and OCT 012 (equals LF). Which are both part of the non-printing characters. 

A log-in on the sever looks like: 

 

CONNECT 

login: <user> 
passcode:<password> 

<Body> 

ˆ@ 

Table 2: Connect Command in STOMP 

The message is sent via: 

 

SEND 

destination: /topic/<topic name> 

<Body> 

ˆ@ 

Table 3: Send Command in STOMP 

Where the Body can be every message content. In the implementation a message in the Json 

format was selected, which contains several key: value entries. 

In this example the message was send to a topic, which is indicated by the prefix /topic/ in 

the destination. The alternative to that is queuing a message to a queue with the prefix /queue/. 

The disconnect is implemented via sending DISCONNECT, which automatically closes the 

connection and the TCP socket. 
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4.3 DIDRIK implementation 

To have the implementation transferred to the live production on the DL-Blockline, the PLC 

program had to be migrated and adapted to the S7-400 PLC. One of differences is the 

communication card, which requires a different function block to send the data. Further is the 

method to connect to a TCP socket a different one, in the S7-1500 a new TCP socket was 

established for every message send, while on the S7-400 only on TCP socket is established 

when starting up the PLC and every message is send through that. 

In the DIDRIK implementation dynamically changing data, containing machine statuses and 

product statuses, is available. That data is stored in data blocks that have a user defined data 

type (UDT). If the central PLC receives new data from one of the gantry portals, a positive 

flank is generated in a signal, which shows that new data has arrived (NDR). To process that 

data and convert it into the right format, SCL code (Structured Control Language) was written 

to retrieve the data from the UDT and save the data including the variable names into an Array 

of Characters. Within that SCL code, the necessary information for sending a message in the 

STOMP format was added to the Array as well. The produced outcome of a block call of that 

SCL code was an Array of Characters in ASCII code, containing STOMP send information 

with a defined message topic, the message body, based on the current values of the data in the 

UDT, followed by the NULL character to finalize a STOMP message. 

Similar blocks were written for logging in and out from a server. The message conversion 

block is called whenever a new data received flank (NDR) appears within the DIDRIK 

program, which is the case whenever one of the portals sends a message to the PLC. After the 

SCL code block call, the data array is stored in the PLC memory and send via the CP card with 

the AG LSEND function block on the TCP socket to the message bus. The sequence of the plc 

program is visualized in Figure 4-2. 

 

 

Figure 4-2: Illustration of the PLC program procedure 
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4.4 Processing of STOMP messages 

When the message arrives in form of a TCP stream on the message bus it is interpreted via the 

STOMP protocol. Through that the header, the protocol information and the message body are 

separated, while the header is filled with some additional information like a time-stamp and 

information about the communication partners. Messages sent via the STOMP protocol are 

automatically transformed into a CamelMessage, which is a Java Object. That cannot be 

changed when message are received via the STOMP protocol. In the LISA project the message 

bus handled Java Objects of the type LisaMessage, which contained data of some more specific 

data types [20]. Due to that difference a service had to be written that transforms the message 

to a LisaMessage and enqueues the message back to the message bus. That is necessary to use 

some of the services used in the LISA project, but it is not a general requirement, since services 

can be developed to process CamelMessages as well. 

In order to use the service that filled the ElasticSearch database with the messages, a Service 

was written that transferred the message to the right format and parsed the Json message into 

an equivalent Java object. Based on that the database was filled and a simple visualization was 

created that showed the machine status of a specific machine based on the entire data set in the 

database. 
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5 Discussion 

5.1 Implementation Summary 

The previous implementation showed that it is possible to implement the concept of the 

tweeting factory under the given premises. Data could be transported from the automation layer 

of a production line to a computer environment on the higher levels. The equipment used in the 

production line, which are commonly used production control units, support the general 

functionality of sending messages to a network and the required application layer protocols 

could be implemented on the controllers. Further was no additional hardware required on the 

automation layer, since all the functionality was handled by the existing PLCs. The only 

mandatory additional hardware for the architecture is a server acting as message bus. 

Everything that goes beyond that depends on the services that are intended to be implemented 

or if additional sensors are required to measure a value or state that is not measured yet. But 

with the existing sensors in the production environment, the implementation of additional data 

collection is just a matter of programming the PLCs in the right way. One of the initial 

intentions was it to create a system in which additional endpoints could be added with a plug 

and play principle. That was not achieved since the connection needs to be configured and 

functional blocks have to be adapted to the internal data structure in the PLC. The current 

solution can be described as plug - set-up and play. 

5.2 System Limitations 

Despite the general functionality the implemented systems has undesired limitations. Some of 

them are of minor interest and require just a small changes in the configuration, but other 

limitations require further investigations to stabilize such a system. 

The message bus system that was developed in the LISA project is a stable system since it 

depends on the functionality of the Java virtual machine, and in the according discipline 

techniques do exist to ensure a stable functionality. Further in several long term tests no 

disturbances were discovered. 

The time stamps on data that is added to a message on the message bus is not yet optimal, 

since it is not fully supported by the most common and public available data visualization 
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interfaces. But that is only a matter of defining the right format and casting the time-stamp to 

the right format, which can easily done by a transformation service. 

5.2.1 Network Layer Related Issues 

The PLC side of the connection has some limitations that influence the system’s stability in a 

greater manner, most of them are related to connectivity issues with an origin on the network 

layer. The log in on the message bus requires two different positive acknowledgements. The 

connection acknowledgement on the transport layer is handled by the PLC without problems, 

but on the application layer another acknowledgement is required. For that purpose the server 

sends a response after the login attempt by the connection partner, reporting if the attempt was 

successful or not. On a similar way the status of a connection can be monitored, that is done by 

requesting a heartbeat and evaluating the response which is send by the sever. Both techniques 

require the communication partner to interpret the response send by the sever. That is a task the 

PLC is not designed for, but the PLC can be programmed to do so. But that approach would 

bring a high risk to increase the cycle times of the PLC to an unacceptable duration. A way of 

avoiding the necessary verification if the connection is alive, would be a constant log-in attempt 

prior to every message sent. That would bring the risk of increasing the network traffic and the 

server load in case many machines try to send messages. 

A further problem is the method how the TCP sockets are opened and closed. In the S7-400 

generation, a connection is created for the PLC once on which one socket is opened through 

that the entire streaming is handled. The issue with that behaviour is, that a disconnect on 

application level closes the socket and it takes the PLC a certain time to establish a new 

connection and the socket again. In some cases that time was up to 5 minutes. During that time 

it is not possible to send out any further messages, which makes excludes to disconnect on the 

application layer during operation as possibility. That problem does not exist in the newer PLC 

generations any longer, hence there a new socket is opened for every message when the Tsend 

C block is used. Connected to that issue is the lack of the ability to monitor the connection 

status in the PLC, which makes it difficult to maintain the connection and build up a new 

connection in case disturbances occur. A pragmatic solution for that could be a timer function, 

which reconnects the PLC to the message bus in a certain time interval. 
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5.2.2 PLC Code Related Issues 

Some of the limitations within the implementation have their origin in the way how the PLC 

can be programmed or in which way programming functions can be applied. The message 

length in the SCL code and the entire PLC programme is fixed. In the implementation a length 

of 250 signs was selected. That might be another analogy to the social media platform twitter, 

but that behaviour is not beneficial and sets a limit to the amount of data that can be send. 

Further is the send message unnecessary big if not the entire space is utilised. The reason for 

that behaviour is the data handling of the PLC, where static pointers are used a lot. There are 

methods in PLC that can work with dynamically pointers, in which it is possible to change the 

length of a message. But in order to focus on the main objectives, such pointers have not been 

implemented, since they are time consuming to implement. The function block for sending data 

via the CP card in the PLC works asynchronously, which means that the sending of messages 

can continue over the cycle time of the PLC. With that behaviour comes the problem, that the 

send block is not available during some program cycles when the function block is already 

occupied. That can lead to a message loss, since the error handling of two simultaneous message 

attempts by the PLC is to ignore the second one. 

5.2.3 Streaming Related Issues 

The remaining issues of relevance are related to the internal realization of the data streaming 

by the PLC. Due to the asynchronous behaviour of the AG SEND block by the CP card, the 

function block is occupied whenever the signal for sending messages is received (ACT positive 

flank). The block stays occupied until the send job is finished. That behaviour turned out to be 

problematic in a long term use. Due to unknown causes the AG SEND block gets stuck in a 

send procedure and is not available again until the PLC is restarted or the connection terminated 

manually. That prevents further communication and the entire system or the message bus has 

to be restarted to solve that issue. That problem is the main reason why the system does not run 

permanently in a long term test. 

To solve the problem further investigations are required, though the problem is most likely 

rather caused by the PLC than the ESB sever itself. A further investigation has to be done to 

find the reasons for that problem in order to create a stable system. As mentioned before this 

behaviour is not existent in the newer generation of PLCs anymore, since the function blocks 
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often implement an input to reset send function blocks and the same issue was not experienced 

in the test environment while the S7-1500 PLC was used. Nevertheless, the S7-400 PLC is a 

standard in many of Scania’s production lines and in order to implement such a system at Scania 

the issue has to be solved. 

5.2.4 Summary 

Despite the instabilities described in this chapter it can be summarized that the solution 

developed here delivered what it was expected to deliver: Data in almost real-time, collected 

in a PLC environment and made available in a computer or web environment. The only issue 

that is crucial to fix is the long term stability that would allow a permanent use in the daily 

production. Even if the problem of occupied send blocks is not possible to be solved, the entire 

system is very promising for the future, since the problem only occurs in systems of older 

generations. These systems widely spread in in current production systems, but will disappear 

from the production at some point in the future. 
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6 Conclusion 
The previous chapters described the implementation of the LISA architecture on the Block-line 

and pointed out some technical difficulties. Despite these difficulties it can be summarized that 

the conceptual architecture, developed in the LISA project, can be adapted to a live production 

environment at Scania. The implementation shows that the selected message bus has suitable 

interfaces to be connected directly to a PLC without any intermediate adapters. Even though 

the connection is not yet optimal, with a proper configuration both systems can be seen as 

compatible. That shows that the result of the LISA project is suitable for a production 

environment and with minor adaptations can be used within the production environment at 

Scania to collect data and make it available in a web environment. 

Though for a permanent use of the architecture, some disturbances causing stability issues 

have to be resolved. To advance a company-wide implementation a plan has to be developed, 

how to use and utilize the system in the production. For that a standard has to be set that defines 

the format of messages more particularly and defines the infrastructure on the automation level. 

There it has to be decided if a central solution with one PLC as data hub - as it is the case in the 

DL-Blockline - is desirable or not. An alternative to that is the connection of every PLC in the 

production line, which is technically possible and supports the demand for a more flexible 

system. Though such an implementation is more complex and time consuming. 

For a research project the current implementation is sufficient to collect the data in order to 

investigate the potential of data availability in a web environment and to start developing 

services based on that. The implementation as a whole can be described as functional with 

limitations. But it can be seen as reference when decisions are made whether or not to invest in 

data collection with modern data acquisition technologies. The implementation does not reveal 

much information about the bidirectional data exchange, where the machine acts as a message 

consumer in terms of horizontal communication integration. For that further research is 

necessary, but the general approach is very promising because the selected one theoretically 

enables the message flow in both directions. 

The entire implementation required much more time than it was initially estimated, that is 

mainly due to unforeseen technical difficulties and problems with the access to the DIDRIK 

system. But after getting used to the system and the identification of all requirements, the 
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implementation takes the most direct way and is not very time consuming. The running 

DIDRIK system is not a prerequisite for an implementation of the tweeting factory concept, 

but reduces the required manual labour for an implementation a lot. That is due to the fact that 

the PLC coding only has to be done in one central PLC and no separate program has to be 

developed, tested and implemented in every PLC in the machines. 

Despite having a less complex implementation with a running DIDRIK implementation, 

some limitations come along as well. First due to FIFO buffers within DIDRIK the real time 

data collection is not guaranteed anymore and the data that can be collected is strictly limited 

to what is available within the DIDRIK system. If new data should be collected, an adaptation 

of the DIDRIK system has to be conducted. That could be avoided by building an entire LISA 

from the scratch without a DIDRIK as intermediate message handler. 

It can be summarized that the implementation delivers what was asked for: Relevant data 

from the production in almost real time. The implementations has advantages, which are that 

no extra equipment is necessary and it works with most of the production equipment currently 

used within Scania. The disadvantages are difficult implementation methods in Step 7 and some 

stability issues that have not been solved yet. Since there are alternatives to collect data from 

production equipment, such as the MT-connect standard [28] or data acquisition via an OPC 

server [29], a tweeting factory can be implemented in any case, just the effort required and the 

costs to implement will vary. 

Right now the solution is more a do it yourself solution and is still far away from a plug and 

play solution, because many manual programming and hard-coding is still involved. Right not 

the industry is in a stage where manufacturers are in a wait and watch phase to observe the 

technical development on the market. In that phase manufacturers should plan ahead, design 

their new systems with the aim to have new data handling at one point in mind, but do not take 

much action in implementations, because the solutions at some point will rather be developed 

by the equipment manufacturers. 
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7 Future Work 
The future work on the topic the tweeting factory can be divided in short term and long term 

activities. Where the short term are rather technical issues that have to be solved and the long 

term activities are rather strategic decisions that have to be made. 

7.1 Short Term Activities 

On the list of short term activities are the following activities. 

First the system has to be stabilized and with that system a data set has to be collected that is 

big enough to have a basis for developing services based on data. A permanent running system 

would be in favour for that. The technological changes in the control and machining technology 

has to be watched and constantly taken into consideration when planning future 

implementations. 

The method how to handle Big Data should be inspired by other industries such as the IT 

sector or the Web sector, where Big Data handling is already a common procedure. 

First simple services should be used to make the data available to decision makers already 

today, which will create a greater acceptance for big data collection and generate a demand for 

more investment in the field. The data collected today can already be used for production 

optimization and product traceability and tracking, which are highly demanded functionalities 

in current production systems. 

The currently used systems should not only build on the new technology yet, since the 

technologies are not fully developed yet and chances that it will take a different development 

are definitely there. So a recommendation would be to build parallel systems, where the current 

way of data handling is kept, but a new system is introduced stepwise, to be able to utilize the 

data in the new environment already now and in case the technologies will have a breakthrough 

to be amongst the technological leaders. 

 

7.2 Long Term Activities 

On the list of the long term activities are the following activities. A strategic decision has to be 

made to promote collecting data in a new way. Based on that a company has to start building 

an Internet of Things, which in a production environment is more likely to be a LAN of Things. 
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It has to be defined where a demand for more data and information exists, that can be done by 

investigating where decisions are made today without sufficient data to support the decisions. 

With help of these findings the potential of data acquisition and analysis can be investigated 

and the development in that area accelerated. 

The developed services can become a part of the production system and play a big role in 

operating and maintaining the production. To have the full potential of utilising the data, 

companies need a Big Data strategy to be prepared to handle the growing amount of data that 

will be available. One of the most important steps is to develop a strategy for the future 

production system in which the digital services will play a big role. And as final appeal: Get 

ready for the digitized production think out of the box, try to be first one to come up with new 

ways of handling information, become a technological leader and obtain a better production.  
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