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Abstract 
Fieldbuses are defined as a family of communication media specified for industrial applications. They usually 

interconnect embedded systems. Embedded systems exist everywhere in the modern world, they are included in 

simple personal technology as well as the most advanced spaceships. They aid in producing a specific task, often 

with the purpose to generate a greater system functionality. These kinds of implementations put high demands on 

the communication media. For a medium to be applicable for use in embedded systems, it has to reach certain 

requirements. Systems in industry practice react on real-time events or depend on consistent timing. All kinds are 

time sensitive in their way. Failing to complete a task could lead to irritation in slow monitoring tasks, or 

catastrophic events in failing nuclear reactors. Fieldbuses are optimized for this usage. This thesis aims to 

research fieldbus theory and connect it to industry practice. Through interviews, requirements put on industry are 

explored and utilization of specific types of fieldbuses assessed. Based on the interviews, guidelines are put 

forward into what fieldbus techniques are relevant to study in preparation for future work in the field. A discussion 

is held, analysing trends in, and synergy between, state of the art and the state of practice. A strong momentum is 

identified. The traditional communication media Ethernet, not originally intended for time-sensitive industry 

appliances, are expanding throughout the field, both in research and, maybe most interestingly, in practice. It is 

mainly motivated through qualities of somewhat lesser technical significance. A plethora of methods have emerged 

trying to optimize Ethernet for real-time purposes, each one resulting in some drawbacks, which are in turn 

addressed. In the end of this paper, the large-scale trend of Real-Time Ethernet is questioned and discussed.  
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1. Abbreviations and Acronyms 

8P8C  8 Position 8 Contact Common connector for twisted pair cables 
ASIC  Application-Specific Integrated Circuit Chip for specific usage 

CAN  Controller Area Network Fieldbus protocol 

CANFestival  Controller Area Network Festival Coding Library for CANOpen 
CANOpen  Controller Area Network Open CAN protocol and device profiles 

CCTV  Closed Circuit TV Non-broadcast video transmission, e.g. surveillance 

DPv1  Decentralized Periphery version 1 Modification of PROFIBUS 
DPv2  Decentralized Periphery version 2 Modification of PROFIBUS 

EtherCAT  Ethernet for Control Automation Technology Industrial Ethernet protocol 

FTT-SE  Flexible Time-Triggered Switched Ethernet Industrial Ethernet protocol 
GPLv2  GNU General Public License version 2 Free software license 

HaRTES  Hard Real-Time Ethernet Switching Industrial Ethernet protocol 

HMI  Human Machine Interface Interface between people and computers 
IEC  International Electrotechnical Commission International standards organization 

I/O  Input/output Inputted and outputted communication to a system 

IoT  Internet of Things System of Internet connected general devices 

IP  Internet Protocol Communication protocol 

IR  Infrared Radiation  Region of electromagnetic radiation spectrum 

IRT  Isochronous Real-Time Real-Time based on regular occurring events 
ISO  International Organization for Standardization International standards organization 

LAN  Local Area Network Computer network within local radius 
LED  Light-Emitting Diode Light source 

LIN  Local Interconnect Network Fieldbus protocol 

MVB  Multifunction Vehicle Bus Fieldbus protocol 
OPC-UA  OPC Unified Architecture Industrial Ethernet protocol 

OSI  Open Systems Interconnection model Conceptional model for communication standards 

PI  PROFIBUS & PROFINET International Fieldbus association 
PLC  Programmable Logic Controller Industrial computer controlling specific processes 

PROFIBUS  Process Field Bus Fieldbus protocol 

PROFIBUS-DP Process Field Bus Decentralized Periphery Extension of PROFIBUS 
PROFINET  Process Field Net Industrial Ethernet protocol 

RQn Research Question 1 – 3  

RS232  Recommended Standard 232 Connector for serial communication 
RS422  Recommended Standard 422 Connector for serial communication 

RS485  Recommended Standard 485 Connector for serial communication 

RT  Real-Time  
RTE  Real-Time Ethernet  Term interchangeable with Industrial Ethernet 

STS  Station-to-Station Cryptographic key protocol 

TCP/IP  Transmission Control Protocol/Internet Protocol Suite of protocols common in LAN and Internet 
WTB  Wire Train Bus  Fieldbus protocol 
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2. Introduction 

Reliance on IT communication becomes more apparent in most areas of today’s society. Industries highlight these 

needs well and they are not only reliant on the mere communication in itself. Certain requirements are demanded 

in order to even render a means of communication useful. Examples are systems controlling automation in 

production and vehicles. Here, precision in timing is of utmost importance. Certain tasks are relied upon and 

always expected to be executed in time. This could be repeated actions in an assembly line that has to execute in 

a pattern, which flows with the greater system. A chain is no stronger than its weakest link. Timeliness could also 

mean reacting upon events, examples of these are apparent in today’s cars where traditional mechanics have been 

replaced by electronics. The cars manufactured today use electrical systems to sense user input when steering, 

throttling and breaking. Another example is the automatic execution of an airbag. We blindly rely on these systems 

to, in real-time, react on their surrounding environments. If they fail, consequences can be catastrophic. The many 

parts forming these systems are actually smaller systems in themselves. They are called embedded systems. You 

can envision them as small computers highly optimized in providing a specific task. In order to be reliable, certain 

robust hardware has to carry the communication passing through chains of these embedded systems. That hardware 

is referred to as fieldbuses, which are communication media specified for industrial tasks [1]. Many fieldbuses 

have been developed to cater different specific needs in industry applications. In contrast to how common 

communication protocols attempt to maximize throughput, fieldbuses mainly focus to maximize timeliness and 

reliability. However, the most utilized of the common communication protocols; Ethernet, have lately seen big 

growth in industry. This has resulted in large-scale efforts to develop real-time optimized versions of the protocol. 

 

The purpose of this thesis is to provide insight in fieldbus state of art and the current state of practice. Literature 

studies and industry interviews lay ground to the gathering of information. The result aims to answer what specifics 

are important in the communication of today’s industries and which practice of communication this has led to. 

Further on, an assessment into future needs are made with emphasis on what could be important to study for 

students of today. Towards the end, a discussion is held exploring patterns and trends between the state of practice 

and state of the art. Certain approaches are identified and questioned. Concluding the paper is a summarization of 

the results gathered and what to make of them. This provides more concise data interesting to one looking for 

orientation in their studies of fieldbuses.  
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3. Problem Formulation 

3.1. Motivation 

In today’s industries, embedded systems are utilized in a growing number of areas. Many different kinds of 

embedded systems coexist, and each require adjustments in order to operate correctly, and to integrate with 

eventual larger ecosystems. In theory, components of an embedded system can interconnect through any media 

as long as the system maintains its function. In industry practice, embedded systems often interconnect through a 

family of communication media called fieldbuses. They are optimized to serve the specific requirements put on 

by critical and sensitive tasks emerging in industrial environments. A wide spectrum of different industries 

utilizes fieldbuses which leads to many differentiating demands put on these communication media. Applications 

span from personal microcomputers to public transport and industrial production. In common, are the user 

expectations on flawless execution. As soon as delays emerge in our daily tech, we get irritated. If the delays 

spawn in public transport, irritation turns into frustration. When delays emerge in industrial production, 

frustration exceeds into desperation as it could jeopardize entire operations. Are the emerging demands put on 

communication different in nature or do they share common traits? What competence is needed in order to 

operate these delicate applications? How will these areas develop in the future? Are these highly specific types 

of communication media growing larger in quantity, or are they perhaps merging into something of a unifying 

standard?  

 

Understanding fieldbuses is critical in order to implement embedded systems. Mälardalen University host studies 

in fieldbuses. The protocols CAN, FlexRay, PROFIBUS and real-time Ethernet are studied in greater detail. 

There are a lot more fieldbuses utilized in the field. Some variations build upon both legacy hardware and 

software; meanwhile new solutions offer significantly higher performance. There are fieldbus solutions 

developed in-house which, in order to grasp, require very specific knowledge. Other fieldbus variations are 

widespread and can in some ways offer customers standardized solutions for implementation. The main reason 

into why there exists such differing selection of fieldbuses is to accommodate for the specific needs any given 

embedded system could require. To qualify for practice, a fieldbus has to reach specified operational 

requirements, while at the same time withstand possible harsh environmental requirements, which can introduce 

physical limitations. With this thesis, the aim is to analyse the industry’s current state of practice and put that in 

perspective to state-of-the-art fieldbus development. In this manner, the synergy between state of the art and the 

state of practice can be explored. The target is then to crystallize which techniques are most prominent in the 

field and why that is. In addition, the aspiration is to identify the general direction of future fieldbus extensions 

and inventions. The hope is for this to deepen knowledge in the current status of fieldbuses, and strengthen 

insight to future progress.  

3.2. Purpose 

The purpose of this research is to deepen knowledge in fieldbuses through industry competence and peer-

reviewed research. With the further purpose to crystallize fieldbus state of practice, exploring state of the art 

research and through those means identify synergy between the areas. The final purpose is to provide guidelines 

into which techniques are most important to study in order to be relevant, and discuss what could be anticipated 

when going forward with fieldbus development.  

3.3. Research Questions  

RQ1: What requirements are put on fieldbuses in today’s industry, and which fieldbuses are most commonly 

utilized? Will they survive? 

RQ2: What requirements will be put on fieldbuses in the coming years, what techniques are expected to satisfy 

those needs? 

RQ3: What competence regarding fieldbuses will be needed from future network designers? 

3.4. Goals 

1. Get to know about fieldbus state of practice. 

2. Grasp what requirements will be put on fieldbuses in the future. 

3. Explore which current, if any, fieldbuses that are likely to survive in the coming years.  

4. Identify the general direction of future fieldbus developments. 
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5. Explore if new fieldbus techniques will integrate well with current ones. 

6. Explore possibilities of larger unifying fieldbus standards in the future. 
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4. Methodology 

The following methods were picked in order to reach set goals: 

 

Literature Studies  

In order to strengthen our understanding of fieldbuses, a foundation of helpful knowledge was gathered from 

researching fieldbus history. To grasp state-of-the-art fieldbus research, and where progress is heading, peer 

reviewed magazines, journals, papers and reports were analysed. Parts of the literature studied in the work process 

of this thesis are research presented in previous thesis works [2] [3]. Valuable insights were gathered into what 

was prioritized when researching embedded system communication ten [2], six [3] and three years [4] back 

respectively. The knowledge gathered lay ground to questions later asked towards company competence when 

exploring the state of practice and future needs. Furthermore, the following thesis works aids in highlighting a 

general direction, trends and a broadened perspective into developments of communication in embedded systems. 

This proved helpful when reflecting upon answers from the companies contacted and provided fruitful 

understanding utilized in succeeding inductive reasoning. Literature studies aid in reaching goals 2 to 6. 

 

Interviews  

Interviews with industry competence provide insight to fieldbus state of practice. The interviews were held with 

personnel from the companies ABB, Bombardier and Volvo. The interviews contain which requirements they put 

on their fieldbuses and which fieldbuses they utilize in their operations. As well as how likely they are to withstand 

the test of time. Furthermore, questions were asked about future needs in fieldbus properties, and if the companies 

have any planned upgrades of fieldbus infrastructure. Lastly, the company experts got to comment on which 

techniques they thought should be emphasized when teaching fieldbus classes of today. Interviews aid in reaching 

goals 1 to 3 

 

Inductive Reasoning  

Based on the knowledge gathered through interviews and literature studies, inductive reasoning lay ground for a 

discussion merging state-of-the-art fieldbus research together with the current state of practice. The end purpose 

of this discussion is for it to culminate into an estimation of what the future holds, in terms of fieldbus practice 

and development. On these grounds, conclusions will be drawn with regard to current company practice and 

prospect in the area of fieldbus communication. Inductive Reasoning aid in reaching goals 3 to 6.  
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5. Background on Embedded Systems  

As a result of progressing innovation and cheaper development costs of electrical components, embedded real-

time systems have begun to flourish the market. They serve as intelligent controllers or microcomputers within 

greater systems, with the purpose of producing or aiding a specific task [1]. Embedded systems are always used 

as a part of a well-specified larger system, which possibly has autonomous functionalities, e.g. an aeroplane or a 

TV-remote. As an example, the module responsible for producing infrared radiation (IR) signals in a TV remote 

is a specific embedded system that you could also utilize in other appliances, for instance in an IR remote for a 

garage door. When several embedded systems are chained together, cooperating in a greater scheme, they are 

referred to as a distributed embedded system. The flourishing of embedded systems, has led to more readily 

available equipment for hardware developers and manufacturers to incorporate into their own devices and 

inventions. This means that developers are no longer required to build all necessary hardware and components 

from scratch, which in general has led to cheaper and faster development of electrical devices. 

 

When an Embedded System is required to produce a task within a time limit, it is referred to as a Real-Time 

Embedded System. The specific time window is defined by a deadline. A deadline can either be hard or soft. What 

characterizes a hard deadline is that any task produced, only is of value within the given time frame, if it were to 

be delayed, and consequently miss its deadline; the result of the task is considered useless. In contrast, the result 

of a task operating towards a soft deadline will often be of some value, even its deadline was to be missed. 

Commonly the value of the result decreases the further it is delayed. A typical operation for soft deadlines is the 

instruction to deploy an airbag; it is better to save whatever is possible than to cancel the entire operation. A typical 

operation of hard deadlines is the sensor data provided from a thermostat to be shown on an LED monitor. If data 

arrives a few seconds late it is irrelevant since by now, the thermostat has measured more up-to-date data, ready 

to be shown instead. 

 

Embedded real-time systems operate in vastly differentiating environments and applications. Naturally, some tasks 

are more critical than others. A system which is absolutely required to hit every deadline is referred to as a hard-

real-time system. A system which, on the other hand, is allowed to miss a deadline, although commonly with 

decreasing performance, is referred to as a soft real-time system. Soft real-time systems are more common, an 

example could be components in the audio operation within a voice call. If a few bits are missed out, thus resulting 

in a few moments of delayed sound throughout a call, it is not life critical and therefore somewhat acceptable. 

Hard real-time systems are less in quantity but higher of importance, if they miss a deadline the result is 

catastrophic, e.g. death, serious injuries or operation failure to lead an entire business to collapse. Control systems 

within nuclear power plants and aircraft are typical hard real-time systems.  
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6. Embedded Systems Communication 

When an embedded system has performed a task, the next phase enters. A task could mean countless of things, 

from measuring a sensory input to performing a calculation. Regardless of the task, the result is of interest to 

something greater; the well-specified system which the embedded system is a part of. The result needs to be 

communicated to that system. Communication within embedded real-time systems are divided into two contrasting 

methods; event-triggered and time-triggered communication.  

 

As the name suggests, event-triggered communication is realized upon an event triggering the need for 

communication. Two examples are the previously mentioned airbag and TV-remote. Although they differ in 

criticality, they are based upon the same principles regarding communication. A car crash triggers communication 

instructing an airbag to release, a press of a button triggers communication carrying some instruction for a TV to 

receive. Event-triggered communication requires warranties in respect to reaching deadlines. In order to provide 

these warranties, it is important for the communication media to supply low delay, high availability and fast 

delivery.  

 

When it comes to time-triggered communication, properties for communication media weigh up in another 

fashion. Time-triggered communication is periodically realized, in a consistent manner. In what concerns delay, it 

is more desirable to achieve consistency in each and every delay, rather than aiming for the lowest possible delay 

at any given circumstance. The reason for this being; circumstances within a live system are often differing in a 

dynamic fashion, which could lead to differing delays when trying to send data as fast as possible. Difference is 

undesirable when aiming for consistency. Instead, in order to reach consistency, time-triggered communication is 

realized in a periodic manner, based on a repeating cycle of time slots. In contrast to an immediate transmission, 

this requires a bit extra time for every transmission. However, it ensures that the media is available every time 

something is to be sent, and that the delay between every transmission remains the same, since the time slots are 

pre-defined in length, size, and order in between nodes. The most important performance measure in time-triggered 

communication is therefore the time difference in maximum and minimum delay, also known as jitter. Another 

aspect characterizing time-triggered communication is that most details about the data that is to be transmitted, 

have to be known in advance. This is due to planning. A system administrator has to design a time-triggered system 

with regard to time slots, and the ordering that is to be defined. The nodes have to be pre-defined, and the size of 

the time slot has to match the size of the data which is to be sent. 

 

A typical time-triggered system is the aforementioned thermometer. The purpose is to display the current 

temperature which requires temperature data to always be fresh. This in turn, requires temperature data to be 

consistently measured, not triggered by occasional events. Other examples of a time-triggered systems are those 

utilized in production, in an assembly line for instance. Periodically and consistently, each and every action is 

performed in a timely fashion. These systems also summon another dimension to the equation; the need for an 

emergency stop in the event of an accident. Thus, requiring one kind of traffic to be time-triggered and another 

kind of traffic to be event-triggered. This requires a hybrid within the utilized solution of communication. Mixed 

criticality is applied in these systems, different kinds of data are of differing importance. For example, the data 

which triggers the emergency stop would have to be of highest criticality, and takes precedence over any periodic 

traffic. The system could also have differing kinds of periodic transmissions. For instance, the traffic necessary 

for the assembly line to operate could be classified as operation-critical. Besides these transmissions, there could 

be embedded sensors within the system, periodically measuring environmental values like temperature, moisture, 

pressure etcetera. This traffic should be sent with a lower priority than the operational critical (given they are not 

operational critical within our given system), using whatever free bandwidth that is left on the communication 

media. We refer this traffic to be sent in a best effort manner.  

 

Communication can either be realized through hard-wiring or in a wireless manner. Hard wiring is considered to 

be more robust and is, given allowed circumstances, therefore better suited for critical tasks. As an example, wired 

options for fieldbuses dominate inside vehicles, robots and factory automation. Whereas wireless options are more 

prominent in consumer usage, like within smart homes or in commercial large-scale communication, like 

automated farming. Hard wiring is considered more robust since it generally provides better properties in terms of 

predictability. When calculating the running operation of a system, you desire as predictable patterns as possible, 

as this eliminates volatility within calculations. This in turn leads to a more precise and stable system.  
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7. Wired Fieldbus 

Fieldbus (IEC 61158 standard) is a term for a family of industrial communication protocols mostly used in real-

time distributed embedded systems [2]. Communication is realized in a bus manner, which means that every node 

included in a local area network (LAN) is directly connected to a main cable, called the bus [6]. Traffic is either 

sent in an event-triggered manner, or in a periodic manner called time-triggered communication. An illustration 

of a bus topology is shown in Figure 1. Usually, bus topologies do not include large amount nodes, as there are 

more effective methods for communication among higher quantities. Fieldbuses are classified as external buses, 

there are also internal buses which usage spreads widely in electrical components. As an example, in computers, 

the CPU and RAM connect through an internal bus inside the motherboard. Universal Serial Bus (USB) is an 

example of an external bus-technology common in today’s consumer markets. Modern buses are able to send one 

bit at a time, in a serial manner, but are also able to send several bits at a time, in parallel. The latter is, of course, 

the more physically effective way in conveying information, but it also requires more complex implementations. 

 

Fieldbuses interconnect the components of an embedded system. Fieldbuses can be found in a wide range of 

applications, spanning from cars to factory robots [3]. There are different types of fieldbuses sporting unique 

properties adapted for specific kinds of applications and implementations. The following four different fieldbuses 

are described in further detail. CAN, since it is a well-established event-triggered protocol. FlexRay, because it is 

a common time-triggered protocol. PROFIBUS, since it figures as a good example of a flexible protocol developed 

to handle both time and event-triggered communication. Finally, real-time Ethernet, which differs from traditional 

fieldbuses since it utilizes common network hardware. 

 

 
Figure 1 - Bus Topology 

7.1. CAN 

Controller Area Network (CAN) is a fieldbus standard widely used in the vehicle industry [4]. Development started 

in 1983 and the first version of CAN was released in 1986. The purpose was to introduce multiplexing in vehicle 

communication to save copper wiring. In 1993, International Organization for Standardization (ISO) standardized 

CAN as ISO 11898-3, several sub-standards have been developed since. CAN incorporate packet-based 

communications over serial links through either RS232 or RS485 serial interfaces. Generally, CAN is regarded as 

a robust fieldbus which operates in slower data rates (up to one Mbps) over shorter geographical distances. CAN 

is optimized for event-driven communication. Channel access time is low, which leads to low transmission delays 

and high availability to the bus. The jitter is not prioritized and could theoretically be very high, but this was never 

an important feature of design for targeted applications. A typical application for CAN would be the airbag system 

previously touched upon.  
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CANOpen 

CANOpen is an open source standard for CAN which includes and defines operations from layers 3 to 7 in 

the OSI model [5]. It is designed to incorporate a master/slave scheme using polling. Profiles apply on devices 

and specific protocols realize communication.  

CANFestival 

CANFestival is a GPLv2 licensed coding library which implements a full stack for CANOpen [6]. This allows 

for software implementations of CAN communication, which is necessary when writing software that should 

run in an embedded system.  

7.2. FlexRay 

FlexRay is a fieldbus standard developed by a consortium of large auto companies, with the purpose of reaching 

higher reliability and faster data rates than CAN [7]. As with CAN, FlexRay is targeted towards the vehicle 

industry. Data rates reach up to 10 Mbps. The design process and protocol procedures are more complex in 

FlexRay, largely due to operation at higher frequencies with pre-defined planning of transmissions, which require 

more granular timing and detailing. There are not as much open source development available for FlexRay, as 

there are for CAN. FlexRay utilize a connecting interface based on a 9-pin sub, much like RS232 but with different 

properties. These connectors are quite rare and expensive when compared to relating components.  

 

FlexRay mainly operates time-triggered but do support event-triggered traffic in a best effort manner. The protocol 

operates by cycling through a set of time slots assigned to each participating node. There is support for a free time 

slot in the end of every cycle, of which nodes can request to send eventual event-triggered traffic. Jitter is low, 

which supports predictable transmission patterns. Thus, system administrators are able to perform calculations of 

deadlines. FlexRay is a centralized system, and planning is required before it goes live. When designing the system, 

all participating nodes are taken into consideration, as well as their transmissions. Counting the size of their 

packets, and the importance of their data. The more critical and complex the system is, the higher demands are put 

upon the planning phase. You need to know most details about the data in advance. The typical application area is 

within vehicles, but industries have also introduced it in production. Automobiles include more functions every 

year. FlexRay accommodates for these growing requirements by being able to gather a multitude of nodes, and 

realize different kinds of communication in differing schemes.  

7.3. PROFIBUS 

Process Field Bus (PROFIBUS) is a fieldbus originating from Germany, first promoted in 1989 [8]. Today, 

PROFIBUS & PROFINET International (PI) are the association maintaining the protocol. They include about 

1700 members, which makes them the largest Fieldbus association [13]. PROFIBUS is widely used for automation 

tasks in various industries. It can make use of three different interfaces: RS232, RS422 and RS485. Two of which 

overlaps the interfaces of CAN. There are different versions available with PROFIBUS-DP being the most current 

and utilized version. Usage spreads widely throughout Europe and the U.S. As shown in Figure 2, the fieldbus 

market share of PROFIBUS is estimated to be 10 % which makes it the largest traditional fieldbus [14]. 

PROFIBUS can reach data rates up to 12 Mbps, and is a master/slave protocol in its core. Event-driven 

communication can be achieved through the extensions: DPV1 and DPV2. Token passing in between nodes 

dictates which node is the master, the rest are slaves. When a node is passed the token, it adopts the master role, 

which allows it to initiate communication and send data. A logical ring of token passing between active nodes is 

formed, thus making the system decentralized. Along, there are passive nodes which are always slaves, they only 

send data upon a master’s request. This scheme allows for new nodes to dynamically join the system, without the 

need for going offline. With this design, minimal planning is required in advance.  

 

As with FlexRay, PROFIBUS also provides a combination of time-triggered and event-triggered communication. 

The main difference between how they function is that FlexRay mainly emphasize time-triggered, with even-

triggered being more of a bonus. In contrast, PROFIBUS lay focus on a fair distribution between nodes and their 

different types of traffic. However, this results in PROFIBUS not being the best choice for systems requiring pure 

time-triggered, or pure event-triggered communication. There are protocols better suited for those explicit needs. 

For instance, jitter can become high since it allows more room for sudden event-triggered traffic, which could put 

periodic traffic on hold. But PROFIBUS is still very capable in both communication methods, thus making it the 

perfect choice for systems requiring good communication circumstances for both event- and time-triggered traffic.  
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7.4. Real-Time Ethernet 

Real-Time Ethernet (RTE), also known as Industrial Ethernet, is a term for industry versions of the common 

Ethernet standard [9]. The purpose of RTE is to provide more determinism than what regular Ethernet offers, and 

to be better optimized for industrial applications. Some RTE-variations add extra durability to hardware in order 

to withstand various kinds of harsh environmental requirements, which can emerge in an industrial context. 

Examples of such are; significant variations in motion, temperature and weather conditions.  

 

Common Ethernet and IP solutions are not considered suitable for the real-time applications emerging in an 

industrial environment. Maximum delay times are unpredictable with regular routers and switches [10]. Traffic 

passing through generic routers can encounter delays brought on by different ongoing calculations, as these devices 

in themselves are working microcomputers. Traffic passing through generic switches, avoiding the routers, could 

instead fall victim to queuing times inside the switches. Worst case, both kinds of devices could decide to drop 

traffic when resources become scarce [11]. Industrial tasks often build upon an engineer’s careful calculations and 

design implementations. Hence why regular Ethernet is too inconsistent to include in such schemes. Therefore, in 

order to make Ethernet applicable in these applications, it has to be extended and tweaked to be more deterministic 

and reliable.  

 

RTE makes use of the same 8P8C connectors and cat-cables as regular Ethernet. RTE essentially employ the same 

media and infrastructure as common Ethernet, with the exclusion of specialized hardware developed for specific 

industrial conditions. With the widespread usage of Ethernet, RTE equipment is easily accessible and relatively 

cheap. Ethernet provides more bandwidth than traditional fieldbuses, which was the main reasoning behind this 

research exploring replacements of CAN with an Ethernet-based solution [12]. RTE still remains in a development 

phase, and as of now, there are several versions under development, but without any unifying standard. This 

becomes apparent when reading the motivation to [10] and taking part in the background data provided. It is 

evident that many approaches of methodology are being researched, examples are explorations in traffic shaping 

with the STS algorithm [12], implementations with the EtherCAT protocol [13] and developments with the 

protocols FTT-SE and HaRTES [10]. With a relatively large number of protocols under development, with the 

purpose of reaching similar end results, confusion and misconceptions can emerge. This phenomenon motivated 

Prytz into evaluating real-time performance between EtherCAT and PROFINET [17]. Prytz assessments resulted 

in EtherCAT outperforming PROFINET in all the measured scenarios. Since application scenarios are often 

heavily customized, the aforementioned results are not definitive in terms of the protocols' overall strength. In any 

case, EtherCAT and PROFINET are the largest Industrial Ethernet protocols in terms of estimated market share, 

as illustrated in Figure 2 [14]. 

 

Currently, in terms of pure technicalities, the real-time adaptations of Ethernet do not qualify as a proper fieldbus, 

since they fundamentally lack optimized abilities to provide the strict warranties many hardened industrial systems 

require. One approach to solve real-time deficiencies is a switched Ethernet, splitting networks by switching data 

instead of routing, which could provide lower delays and more predictability. The obstacle summoned by this 

approach is queuing times inside the switches when systems undergo heavy loads. Ashjaei [3] tackle these 

obstacles by manipulating switch behaviour through resource reservations. Traffic shaping is a common technique 

to handle routing delays, Svartengren [2] showcases a scenario of implementation. The core principle of this 

method is to classify a system’s various kinds of traffic into different profiles, which dictates their priority in the 

greater communication scheme. Through this method, the more important traffic is prioritized inside any network 

device having to queue packets in buffers. Adjustments could also be made to avoid the traditional behaviour of 

network devices dropping packets, which occurs when they are attempting to make resources available.  

 

In [4] different substitutes are explored to realize communication with the embedded systems installed inside 

automobile vehicles. Emphasis is put on providing expanded media properties through the introduction of 

Ethernet. Focus is later shifted towards real-time adaptations of the hardware and protocol development. The 

method utilized is referred to as Traffic Shaping. Continuing with [2], clear incentive of interest in real-time 

developments of traditional Ethernet are still present with this particular work performed upon EtherCAT. Similar 

incentives fuelling the work in [4] and [2] are shown yet again in [3]. The thesis presents a passage through the 

practice of problem solving and handling new obstacles summoned in the process. Through the protocols FTT-SE 

and HaRTES, switched Ethernet lay ground for the solutions further developed. This pattern indicates a consistent 

trend of development and work in the area of real-time adaptations to the Ethernet-standard. Interest for industrial 

Ethernet is so strong that even though it is in active development, it is already estimated to have grown larger than 

traditional Fieldbuses in terms of estimated market share, which is visualized in Figure 2 [14]. However, what is 

important to have in mind is that these numbers are based upon total usage. The strength of industrial Ethernet 
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could be reflected through widespread usage in less critical applications, with the most critical applications still 

relying upon traditional Fieldbuses.  

7.4.1. EtherCAT 

Ethernet for Control Automation Technology (EtherCAT) was originally developed by Beckhof and is now 

maintained by EtherCAT Technology Group [16]. In terms of members, they are the largest user association 

delimited to pure industrial Ethernet [17]. EtherCAT is a real-time version of Ethernet based on a cyclic master-

slave scheme. Focus lay on low cyclic times and low jitter, which leads to more precise synchronization. This 

makes the protocol optimized towards periodic transmissions in a time-triggered manner. The idea is to save time 

by skipping processing of the entire Ethernet-frame. The master initiates a cycle by generating a single frame 

passed on to all included slave nodes. When the frame has returned to the master, one cycle has been completed, 

and the master has gathered the information the slaves were to provide. A slave is able to read its addressed 

information and write to the telegram ‘on the fly’. The reading of the telegram starts immediately and does not 

require the entire frame to be received, unpacked and interpreted.  

7.4.2. PROFINET 

Process Field Net (PROFINET) is a real-time version of Ethernet and part of the larger Profibus & Profinet 

International (PI) [18]. PI is the largest Fieldbus association with about 1700 members in the form of developers 

and users [13]. PROFINET was developed towards distributed automation and to provide integration with 

existing fieldbuses, especially smooth are integration with PROFIBUS. The protocol is based on adjusted 

Ethernet switches, optimized to realize industrial communication between controllers like PLCs and field devices 

like actuators, transmitters and various I/O blocks. It is based on cycles and three levels of traffic which are 

prioritized as follows, from low to high. TCP/IP delivers non-deterministic and non-time-critical like multimedia 

with response times around 100 ms. Real-Time (RT) delivers deterministic traffic like motion control with 

response times up to 10 ms. Isochronous Real-Time (IRT) require ASICs based hardware and precise scheduling 

switches, in order to provide response times less than 1 ms. All three levels can be incorporated in the same 

system and thanks to bandwidth sharing, 50 % of every cycle is reserved to TCP/IP. These design principles 

require offline scheduling. When online, PROFINET provides well-established tools to diagnostics, monitoring, 

service and device access from everywhere in the network and also through Internet.  

 
Figure 2: Market Share Values provided by HMS [14] 
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8. Company Practice  

This section contains fieldbus state of practice. The method of research is first explained, followed by 

summarizations and interpretations of the information gathered. Concluding is a table of concise answers with 

regard to the research questions. 

8.1. Method 

Research in fieldbus state of practice was realized by interviewing companies operating in the field. In an attempt 

to diversify interview results, a selection of companies acting in different application fields was picked. Contacts 

were made to ABB, Bombardier and Volvo. Through this selection, insight was gathered from vehicle, train and 

industrial automation/robotics industry respectively. The interviews were realized through email conversations. 

Topics and questions were motivated by research questions 1–3. To be able to ask relevant questions and achieve 

an appropriate understanding of the field, foregoing literature studies were executed. 

8.1.1. Interview Questionnaire 

Following are the initial asked questions, which also supplied incentive for additional thoughts and discussion 

around the topics. 

• Which functional requirements for fieldbuses do you have given your system, especially from a 

communication perspective? (We mean properties which are of importance for your applications: latency, 

jitter, availability, reliability, …) 

• Which fieldbuses are used in your company to comply with application requirements? 

• In our studies of Communication in embedded systems, we have been reading up on four different 

fieldbuses; CAN, PROFIBUS, FlexRay and Real-Time Ethernet – are they still relevant? 

• Which fieldbus solutions are relevant for studying at a university level nowadays, to be competitive on 

the job market after graduation? 

8.2. Interviews  

This section presents the three interviews held with industry.  

8.2.1. ABB 

ASEA Brown Boveri, ABB Ltd. is a multinational company operating mainly in electrical manufacturing, power, 

automation and robotics. ABB employ some 150 000 workers, and are active in about 100 nations.  

 

ABB Interview 

The interview with ABB was held with a contact gathering answers from staff specifically working with 

embedded systems. It began with exploring which functional requirements they deem important for fieldbuses 

within their operation. Latency (i.e. delay), jitter, availability and reliability were all confirmed to be important. 

Although their main criteria for picking a particular solution is data rate and network cycle. On top of 

aforementioned requirements, safety always has to be considered. 

 

The interview continued by examining which fieldbuses ABB robotics use within their operation. Because of 

sheer speed, EtherCAT is used for motion control inside robots. Another industrial Ethernet adaptation called 

OPC-UA does not compare in speed, but other qualities make it suitable to send data to Human Machine Interface 

(HMI) operators. PROFIBUS and PROFINET are also prominent inside their operation. In addition to these 

four, around 20 other types of fieldbuses are used in order to be compatible with other systems.  

 

When asked which fieldbuses they would like newly graduated students to have knowledge in, the answer was 

EtherCAT, PROFIBUS, PROFINET and OPC-UA. 

 

Reflection of ABB 

• Important requirements: latency (i.e. delay), jitter, availability, reliability and safety. 

• Most deciding requirements: data rate and network cycle. 

• Fieldbuses mainly utilized: EtherCAT, OPC-UA, PROFIBUS and PROFINET. 

• Competence sought after in new students: EtherCAT, OPC-UA, PROFIBUS and PROFINET. 

The high importance of network cycle suggests that many systems are based on time-triggered communication. 

This pattern falls in line with their usage of PROFIBUS. Jitter, delay, availability and reliability are of importance 

since these compose core elements to a well-designed time-triggered system. Data rates also being of higher 

priority indicate operations relying on higher bandwidth, which corresponds to their usage of EtherCAT and 
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PROFINET, which both are adaptations of RTE. The fieldbus competence ABB look for exactly matches the 

fieldbuses they mainly utilize. This indicates solid positions for PROFIBUS, PROFINET, EtherCAT and OPC-

UA. If any of those protocols were on their way out, ABB would not likely look for that specific competence in 

recruits. 

8.2.2. Bombardier 

Bombardier Inc. is a large-scale manufacturer of trains, rail technology and aeroplanes, with about 70 000 

employees performing production and engineering in 28 countries. Bombardier products and services are present 

in more than 60 countries. This interview delimits to their train division. 

 

Bombardier Interview 

The interview with Bombardier was held with a contact collecting answers from the train department. Moreover, 

the Bombardier representative did a thesis work 2012/13 on fieldbuses, specifically looking at one adaptation on 

top of Ethernet called EtherCAT.  

 

The interview started by examining requirements put on fieldbuses by bombardier operations. They classify 

requirements into two categories; operation application and comfort. Operation application is safety critical 

requirements set by hard real-time systems. Example applications are doors, throttle and breaking. These 

applications require low response times and high safety, which require transmission media to provide high 

determinism with hard deadlines. In contrast, comfort requirements are put on by soft real-time-systems. Mainly, 

they raise quality of life aspects, but are not life critical. Their transmissions use the remaining bandwidth in a 

best effort manner, with some services dynamically adjusting quality based upon available bandwidth. Thus, 

greater bandwidth is always desirable in these applications. A few examples are Closed Circuit TV (CCTV), 

information systems and air condition. Needed to be stressed were also that security is becoming increasingly 

important in most of the data Bombardier transmit.  

 

Afterwards, followed questions about fieldbuses which are utilized in Bombardier’s operations. Mainly, they 

implement two buses standardized by train industry in the '90s: Multifunction Vehicle Bus (MVB) and Wire 

Train Bus (WTB). Admittedly, these were regarded outdated. They struggle with low bandwidth, high equipment 

cost and hardware availability, due to low production volumes. There are also some in-house solutions in use for 

applications like fire alarms and train radio. These utilize unspecified old serial connectors and off-the-shelf 

hardware. The earlier mentioned comfort applications commonly utilize a derivative of IP and Ethernet adapted 

for real-time requirements. 

 

The interview continued to analyse the relevance of CAN, PROFIBUS, FlexRay and RTE in industry practice. 

The simple answer was that all IEC 61158 buses are somewhat still in operation out in the field. Along with 

those, even more hardware and protocols are utilized in industry operations, because of company-specific 

implementations.  

 

The interview settled with fieldbus studies of today. It delved into solving which techniques should be of higher 

priority. RTE was the undoubted answer. RTE-solutions are already well spread in industries, and are expected 

to keep growing. An example of the future prosperity of Ethernet is that a united force in train industry, through 

European Union (EU) regulations, attempt to standardize a solution of Ethernet-based IP communication. The 

motives continued, even though Ethernet has its inherent flaws as a fieldbus, companies still strive for Ethernet-

based solutions simply because; practice is so widely adopted that availability and prices of hardware triumphs. 

Many different methods of solving the real-time obstacles of Ethernet are already put in practice, EtherCAT got 

mentioned as one of the protocols. Lastly, a future move from the classic OSI-model was under speculation, 

since quantum machines are on the rise.  

 

Reflection of Bombardier 

• Important requirements for core operation: response time, determinism, safety and security. 

• Important requirements for comfort: data rate and security. 

• Fieldbuses mainly utilized: MVB, WTB and RTE. 

• Competence sought after in new students: RTE. 

Bombardier’s transmission of CCTV makes a good example of best effort traffic. With more bandwidth 

available, the video stream can adjust to higher bitrate, resolution or even frames per second. In this light the 

upside of more bandwidth becomes obvious, allowing for higher data rates results in end products of higher 

quality. Although, speculations regarding one not getting too attached with OSI, train industry’s commitment in 

standardizing an IP solution still suggests great prosperity for OSI. A strong emphasis is placed upon RTE, if the 
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real-time flaws are tackled and dealt with, it could lead to a deepened synergy between most kinds of network 

solutions using common hardware. EtherCAT showed a sign of practical establishment, this connects back to 

the theoretical of EtherCAT-implementations in the literature studies.  

8.2.3. Volvo 

AB Volvo mainly manufacture trucks, buses, cars and construction equipment with sales in about 190 markets. 

The company employ over 100 000 workers, with production operating in 18 countries.  

 

Volvo Interview 

The interview with Volvo was held with two contacts collecting information from different departments in the 

construction division: Volvo Construction Equipment (Volvo CE). The first contact performs tasks at a layer 

above strict communication, and the term fieldbuses were not commonly used in these tasks. But requirements 

are still put on communication and they were the following: data bandwidth (leading to higher data rates), latency 

(i.e. delay), redundancy and recovery. Securing efficient End User Function expectation, serves as motivation 

behind these requirements. Added to these answers was that PROFIBUS is not something used within their 

operations.  

 

The second contact was closer in touch with communication operations. When asked which requirements are put 

on fieldbuses, the answer was reliability, scalability, predictability, safety, efficiency, security and the ability of 

verification. Along followed details in which fieldbuses this had led the department to utilize within operation, 

which were the following: CAN, LIN and RTE. Finally, when asked what fieldbus knowledge was desired in 

newly graduated students, the before-mentioned CAN, LIN and RTE were the answer.  

 

Reflection of Volvo 

• Important requirements: data rate, delay, redundancy, recovery 

• Fieldbuses mainly utilized: CAN, LIN and RTE 

• Competence sought after in new students: CAN, LIN and RTE 

Good redundancy and recovery are properties leading up to robustness and availability. It suggests somewhat 

self-sustaining requirements put on utilized systems. If one network path or node is compromised, the system 

should already have some redundancy implanted in order to tackle that obstacle. Good recovery could imply a 

system with no need to go offline in order to undergo certain maintenance, it could even suggest a system with 

self-aiding abilities. An example of this would be a token recovery in a logical ring, which is present in, but not 

exclusive to, PROFIBUS. The prosperity in Volvo’s primary fieldbuses appears good, since Volvo are looking 

for such knowledge when searching new competence.  

8.3. Summary of Industry Practice 

In the following Table 1 is a summarization of company answers to the research questions. 

 Most important 
requirements 

Requirements Fieldbuses  
mostly utilized 

Fieldbus 
additional 

information 

Competence 
sought after 

ABB Data rate 
Network cycle 

Delay 
Jitter 

Availability 
Reliability 

Safety 

EtherCAT 
OPC-UA 

PROFIBUS 
PROFINET 

15-20 minor 
solutions are 

used to comply 
with other 

systems 

EtherCAT 
OPC-UA 

PROFIBUS 
PROFINET 

Bombardier Response time 
Determinism 

Safety 
Security 

Data rate MVB 
WTB 
RTE 

In-house 
solutions built 

on off-the-shelf 
hardware are 

used 

RTE 
 
 

Volvo N/A Data rate  
Delay 

Redundancy 
Recovery 

CAN 
LIN 
RTE 

N/A CAN 
LIN 
RTE 

Table 1 – Company RQ Answers 
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9. Discussion 

After researching fieldbus state of the art along with the state of practice, it becomes evident that many distributed 

embedded systems need to handle numerous different kinds of real-time traffic. This calls for compatibility and 

flexibility in the traffic a means communication is able to handle. An example of this is Bombardier’s 

implementations, which currently span over several fieldbuses in order to satisfy their demands. Two fieldbuses 

were specific to train industry, and were utilized due to very specific compatibility needs. In reality, however, they 

seemed unwanted due to outdated properties and high prices. In addition, ABB utilized about 15 to 20 different 

fieldbuses in smaller practice, only to be compatible with some specific systems. Bombardier also utilized in-

house solutions, based on off-the-shelf hardware. One could speculate these to be hard to manage and maintain, 

since the competence in these naturally are narrow and most likely relies on in-house experience.  

 

The type of fieldbus handling the highest quantity of traffic types in Bombardier’s implementations is RTE. It 

indicates good properties in compatibility, which makes it flexible in practice. This coincides well with a common 

motivation behind RTE; high amounts of available hardware with relatively cheap prices, in comparison to other 

fieldbuses. When interviewing companies, data rate was highlighted as a desired requirement throughout all the 

different fields. Data rate mainly relies on high bandwidth in utilized communication media, which is one of the 

most apparent strengths of Ethernet. A strength only amplified by Ethernet being the most commonly found 

knowledge when hiring new personnel, since it is a technique with wide-spread use in most other areas of network 

communication. Bombardier explained practice of bandwidth utilization and showed why there is always interest 

of more. More bandwidth both allow for higher quantity in transmission, but also higher quality of many services 

provided. CCTV marked as a great example, video transmissions can adjust to higher quality in bitrate and 

resolution when more bandwidth becomes available. Experiments in replacing CAN with RTE in automobile 

vehicles share motivation with the train industry’s wishes to fully adopt RTE. It allows for higher data rate, which 

is critical in order to support the never-ending stream of added real-time tasks and services in both industries that 

generates more data to transmit. Both industries even share common trends with regard to new services being 

added. A lot has to do with end user experience and comfort, which both Bombardier and Volvo emphasized. 

Video transmissions demand more bandwidth to strengthen security aspects in train operation. In a similar way, 

they are added in vehicles to provide users with enhanced presence through cockpit monitors displaying real-time 

video of the vehicle’s surroundings. In addition, video demands in vehicles are pushed from insurance companies 

to provide more evidence in the event of an accident. Transmissions carrying information and entertainment are 

also growing in both industries. This is much due to infotainment systems providing quality of life aspects to end 

users.  

 

Having above-mentioned requirements and strengths in mind, one available solution to company requirements and 

struggles becomes visible; RTE. It answers to all industries’ need for higher data rate. It provides more ease of use 

in regard to both implementation and maintenance. It becomes cheaper than other current media due to higher 

production volumes. It can adopt to provide numerous sorts of transmissions. It triumphs in flexibility and 

compatibility due to the sheer volume of available hardware, and ongoing incentives into further development. In 

addition, knowledge is widespread in comparison to other fieldbuses. An extra feature none of the companies 

interviewed really touched upon is the native connection to the Internet. This is something developers of 

PROFINET have embraced. PROFINET is delivered with a broad toolset of services accessible through the 

Internet. Tools including monitoring, service of a network as well as device access. With all these strengths in 

mind, there is one constraint regarding industrial Ethernet. In its core, Ethernet was never developed with a priority 

on strict real-time determinism, which leads to inherent flaws when facing implementation in certain industry 

applications. The more critical requirements placed on determinism, the harder it gets to utilize Ethernet.  

 

When looking at industry practice, it seems as the strengths of RTE are valued over the weaknesses. It becomes 

apparent by the train industry’s push towards an RTE-standard, and by the utilization of the kind in all three fields 

examined. Going by total market share, including all kinds of applications, industrial Ethernet has already 

surpassed traditional fieldbuses, as visualized in Figure 2 [14]. What also strengthens the positions of RTE is the 

sheer volume of research being conducted. There is a strong ongoing momentum for RTE, which has accumulated 

over the current century, this becomes evident when going through literature studies. The industries collected 

attitude towards RTE gives no signs of a weakened momentum going forward, rather the opposite. One could ask 

if this trend should be regarded as opportunistic or rash.  

 

The collected push towards RTE developments, although spread in somewhat different approaches, could be held 

in high esteem. It showcases solution orientation and a will to overcome obstacles. A desirable scenario would be 

an agreement of an approach coming from all industries, resulting in a powerful standard being compatible with 



 

 

 
 19   

 

Erik Viking Niklasson Fieldbus Communication: Industry Requirements and Future Projection 

the vast majority of applications. Still, utopian theory is not always compatible with reality. Many unpredictable 

human factors are bound to interfere, such as economic interests, competition and pride to name a few. Maybe a 

start to a solution of the kind could emerge from a joint force through parts of car and train industry. They seem 

to share much of the same motivations and visions of the future.  

 

On the other hand, one could deem the strong momentum of RTE present in both research and practice to be a bit 

rash. Ethernet was never developed with this hard determination in mind, which is required by industry 

applications. From a pure technical standpoint, Ethernet is not very suitable to handle these tasks. Evidently, this 

has led to a lot of different approaches in dealing with the obstacles. None seem fully complete, and in the end 

every available method falls short in some way. However, bandwidth, compatibility, ease of use and native Internet 

connection are bound to be a winning concept. The latter feature, Internet access, is an area with considerable, yet 

fairly untapped potential. PROFINET is showing how Internet access can help remote administration of industrial 

networks. In addition, it allows for interplay with current Ethernet-based networks and all the general devices now 

being connected to the Internet, in the current rise of Internet of Things (IoT). When everything weighs up, the 

qualities of Industrial Ethernet seem to be worth the ongoing large-scale developments attempting to fully optimize 

it for high real-time determinism. 
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10. Conclusions 

Through this report, an assessment of the current use of fieldbuses in industry has been conducted. A general 

analysis of state of the art and the state of practice were presented, and a discussion with the purpose of spotting 

different trends in current requirements, future demands and developments were made. Finally, future projections 

of industrial communication media were explored.  

 

Regarding RQ1: today’s most important requirements put on fieldbuses, the following could be grasped: 

• Data rate is of highest importance throughout all company answers. 

• Safety and response time are important requirements included in most application areas. 

• In addition to the aforementioned, network cycle, determinism, and robustness are highlighted as 

important requirements. 

 

The most apparent fieldbus trend identified is that RTE is adopting a stronger position in industry practice, which 

is also reflected in the quantities of ongoing research into the area. With reference to RQ1, some traditional fieldbus 

solutions are surviving for now, due to compatibility with older systems or fulfilment of specific application 

requirements. Some examples of these are MVB, WTB and in-house specific solutions. Considering RQ3: which 

fieldbus knowledge companies were looking for in recruits, except WVB and WTB, it matched the answers to 

RQ1: the fieldbuses they were currently utilizing the most in operation. They were the following: RTE, CAN, LIN, 

PROFIBUS, OPC-UA and RTE. This pattern indicates a solid position for those fieldbuses, both in terms of current 

and future practice. This in turn provides a clear answer to RQ1 concerning the survival of traditional fieldbuses. 

About RTE, it becomes more granular since many different adaptations were sought after. EtherCAT and 

PROFINET are the most common. To clarify with respect to RQ3, the aforementioned fieldbus standards can be 

recommended to include in studies with the motive of being competitive when entering the job market. 

Additionally, to comply with company incentives, one should put the higher priority upon Industrial Ethernet.  

 

On the subject of RQ2: data rate is a growing requirement when looking forward into future company demands. 

Higher bandwidths are sought after to provide the data rate required by the growing quantity of tasks, and also to 

support higher quality in the execution of those tasks. Desired is a movement towards more standardized hardware, 

which are easier to implement and maintain. Solutions providing compatibility to merge different types of 

transmissions and hardware are in demand. Ethernet is a solution able to entertain the above-mentioned 

requirements, and offers native support to Internet access, allowing integration with current networks and IoT. 

However, the real-time properties of RTE have to mature in order for it to be suitable in the more deterministic 

parts of industry, where critical tasks rely on precise timing. As such, a thorough real-time adapted version of 

Ethernet is of highest demand. 
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