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Summary
An important trend in the networking community is to involve more switches in the networks (e.g., LAN, Local
Area Networks) and pure switched-based networks becomes more and more common. At the same time, the
industrial communication community has a strong will to adapt LAN technology (e.g. Ethernet) for use in
industrial systems. The involvement of switches does not only increase the performance; the possibility to offer
real-time services is also improved. Now when the cost of LAN switches has reached the level where pure
switched-based networks have become affordable, the collision possibility in IEEE 802.3 (Ethernet) networks
can be eliminated and methods to support real-time services can be implemented in the switches without
changing the underlying wide-spread protocol standard. This project aims to provide such methods with the
focus on industrial applications. The project is motivated by the large interest of using cheap and simple
technology (like Ethernet) in industrial and embedded systems. Ethernet has already today been introduced to
these applications but has, at the same time, introduced problems with (or lack of) real-time services and
analyzability. The main research question is how to form methods to be able to support typical industrial real-
time traffic (e.g., small periodic messages) without changing the underlying protocols and while still
supporting existing higher-level protocols for non-real-time traffic (e.g., web based maintenance which is
highly desirable to coexist with the real-time traffic). Other important research questions are what degree of
service (throughput, latency, delay jitter etc.) one can expect from these communication systems and how to
form methods to increase analyzability (e.g., by introducing determinism).

A main task in the project will be to develop and analyze how methods to support real-time traffic can be
implemented in switches and/or network interfaces to get as much functionality and performance as possible at
the same time as the use of standards like TCP/IP and Ethernet is preserved. Other tasks in the project will
include a survey of industrial needs, a state-of-the-art survey of similar methods, demonstrations on a real
network, and case studies with industrial applications. The project is highly valuable for the industry in several
respects/areas, e.g.: (i) industrial communication industry with products used in, e.g., manufacturing industries
and where one of our project partners, HMS, is one of the world's leading companies in the fieldbus
technology sphere, (ii) communication in embedded systems like radar signal processing systems for which our
other industrial partner is one of the world leaders, and (iii) the standardization work on industrial Ethernet
where HMS is a founding member of IndustrialEthernet.com and board member of IAONA (Industrial
Automation Open Networking Alliance).

1. Problem statement
The project is motivated by the large interest of using cheap and simple LAN-technology (like Ethernet) in industrial
and embedded systems. Ethernet has already today been introduced in these applications but has, at the same time,
introduced problems with (or lack of) real-time services and analyzability. Also important to notice is the trend to
involve more switches in the networks, not only to increase the performance but also to enhance the possibility to
control the traffic behavior (e.g., used to divide networks into virtual LANs and to enhance security). The problem is
how to use this possibility to enhance real-time properties and analyzability.

The main research question is how to form methods to be able to support typical industrial real-time traffic (e.g., small
periodic messages) without changing the underlying protocols and while still supporting existing higher-level
protocols for non-real-time traffic (e.g., web based maintenance which is highly desirable to coexist with the real-time
traffic). Other important research questions are what degree of service (throughput, latency, delay jitter etc.) one can
expect from these communication systems and how to form methods to increase analyzability (e.g., by introducing
determinism).

The research efforts on real-time communication over non-real-time LAN technologies have so far been concentrated
on multimedia and similar applications while there is a large need of research efforts in the field of industrial systems.
Our focus is on industrial and embedded systems. Application examples are industrial automation, Computer
Integrated Manufacturing (CIM), radar signal processing systems, airplanes, process control, and telecommunication
equipment. Other applications which also might be of interest are home networks and broadband access networks,
were a mix of real-time and non-real-time traffic is expected.



2. Main ideas
The involvement of switches does not only increase the performance; the possibility to offer real-time services is also
improved. Now when the cost of LAN switches has reached the level where pure switched-based networks have
become affordable, the collision possibility in IEEE 802.3 (Ethernet) networks can be eliminated (using full duplex
links), and methods to support real-time services can be implemented in the switches without changing the underlying
wide-spread protocol standard [1]. We have formerly shown that it is possible to effectively clock-synchronize nodes
and use TDMA to support real-time traffic without any modifications to the switches in a Myrinet network [2].  By
enhancing our earlier work to include methods in the switches to support both hard, soft, and non-real-time traffic, we
believe we can obtain networks which much better meet the demands from industry compared to proposals not
developed for industry needs like EtheReal [1]. The work can result in, e.g., better timing control and determinism,
while also improving the support of heterogeneous traffic. Two examples of  traffic situations that must be specially
addresses in industrial systems are: (i) a high degree of periodic traffic, where each message is very short, that must be
guaranteed, and (ii) non-real-time TCP/IP traffic for, e.g., maintenance, coexisting with and not disturbing the real-
time traffic between, e.g., nodes with important control functions. Preliminary studies, which have shown great
potential, have already been performed together with HMS AB. It should also be noted  that standards like ATM and
DTM do not offer the simplicity and low cost that is required in embedded and industrial system, even if the standards
might give some of the required real-time support.

As stated above we have specific ideas and we attempt to focus on real-time support for the wide-spread Ethernet
standard. However, it is important to stress that we have the ambition of finding methods with general applicability in
the area of real-time networking.

Earlier work by our research group includes case studies of communication in radar signal processing applications [3]
[4]. In the proposed project, our ambition is to evaluate the methods to be developed by using both embedded
applications and industrial systems like those in the automation industry. Our industrial partners are Hassbjer Micro
Systems AB (HMS), representing the fields of industrial communication, real-time communication, and real-time over
LAN technology (including standardization work), and Ericsson Microwave Systems AB (EMW), representing the
fields of embedded systems, real-time communication, and usage of LAN technology in embedded systems.

3. Expected results and impact
The main expected results are:

• Methods to support traffic with industrial real-time demands over non-real-time LAN-technology, primarily over
switched Ethernet, without loss of generality to use common protocol suits like TCP/IP.

• General outlines of how to support traffic with industrial real-time demands over switched system area networks.

• Performance analysis of proposed methods.

• Implementation experiments to demonstrate the practical feasibility of the developed methods and to make
performance measurements including implementation aspects.

• Case studies where the industrial applicability of the proposed methods is confirmed.

• A Ph.D. or licentiate who has good understanding of real-time networking together with its industrial applicability.

• Commercial opportunities in real-time networking for industrial and embedded applications as well as methods for
application mapping onto such networks.

4. Project plan
The tasks and deliverables below are specified for the period 010101-051231, which includes 2 × 2 years of research
and one year of teaching for one Ph.D. student. Even if the project is planned for 2 × 2 years of research, the project is
planned to bring enough significant results from the first half if additional funding is not found. The project work can
be described as two parallel tracks that run concurrently through the whole project: (i) development and general
analysis of methods and implementations, and (ii) case studies, where developed methods are evaluated in terms of
applicability in industrial applications, and other application oriented work. As for industry involvement, the main
contributions from EMW will be in the second track while HMS will be active in both tracks.

Task A (0101-0106): Identify industrial application demands on real-time communication services, including
heterogeneous real-time requirements. Our industrial partners, with their broad area of competence, will play an
important active role in this selection of relevant applications. The selection results in criteria for the survey (see Task
B), motivations/outlines for the development of new methods, as well as in representative case studies to be performed
when methods have been developed later on during the project



Deliverable 1 (0106): Technical report from Task A.

Task B (0101-0111): Survey of real-time communication with focus on LAN-technology and switched
communication.

Deliverable 2 (0111): State-of-the-art report from Task B.

Task C (0106-0112): Develop and analyze how methods to support traffic with industrial real-time demands can be
implemented in switches and/or network interfaces.

Deliverable 3 (0112): First conference paper, mainly based on work in Task C.

Task D (0201-0208): Implement, verify, and measure performance of the results from Task C on a demonstrator
platform with a real network. The implementation might include reprogramming and/or use of Ethernet-cards with
TCP/IP protocol suite for embedded systems from HMS together with switches or PCs that acts as switches.

Deliverable 4 (0208): Technical report and/or conference paper, mainly based on work in Task D.

Task E (0204-0210): Develop and analyze how methods to support real-time traffic can be implemented in switches
and/or network interfaces to get as much functionality and performance as possible at the same time as the use of
standards like TCP/IP and Ethernet is preserved.

Task F (0210-0302): Implement, verify, and measure performance of the results from Task E on the demonstrator
platform.

Deliverable 5 (0302): Conference paper, mainly based on work in Task E and F.

Task G (0301-0306): Case study where appropriate application(s) are chosen in co-operation with HMS and EMW for
use in suitability tests and performance analysis of developed methods.

Task H (ongoing refinement during the whole project): Develop general outlines of how to support traffic with
industrial real-time demands over switched system area networks.

Deliverable 6 (0306): Licentiate thesis. Specification of the remaining part of the project. Possibly conference papers
and/or journal papers.

Second half of the project (0307-0512): Evaluate industrial relevance of work done so far and consider commercial
exploitation possibilities. Further on, proposed methods should be evaluated in the scope of how they can be used in a
more general framework. This includes looking at possibilities of integrating the methods into development tools or
similar. In addition, more case studies should be done in order to get further performance measures and refinements of
the methods, both to increase the industrial influence and to get better understanding of support for heterogeneous
real-time requirements.

Deliverable 7 (0512): Ph.D. thesis.

5. Preliminary budget
We ask for funding of one Ph.D. student. The budget below is specified for a period of 4 years. For a five year period
(80 % and 20 % for Ph.D. student and supervisor/project-leader respectively), the annual cost is 549 kkr for the first
year. Assuming that the cost grows by 4 % per year, the cost for year 2 through 5 is 571, 594, 617, and 642 kkr,
respectively. Thus we ask for a total funding of 2973 kkr. Magnus Jonsson will supervise and lead the project. Main
thesis advisor/examiner is Professor Bertil Svensson.

Annual budget (kkr)
Salary (incl. Social costs)

PhD student (100%) 313
Senior researcher (25%) (M. Jonsson) 109

Department cost, incl. computer cost (10 % of above) 42
Travel 19
Project specific equipment 28
Localities (8.7% of the above) 44
University administration (13.64% of the above) 76

TOTAL (first year) excl VAT 631

University VAT 8%  (add 8.7%) 55

TOTAL (first year) incl. VAT 686



6. Related research
Some work has been done in the field of introducing real-time services on top of non-real-time LAN technology and a
standard to support traffic classes with different priority has been developed. The focus has, however, not been on
industrial communication but on multimedia traffic and similar applications. Typical for the proposed solutions is that
time constraints are only indirectly treated, e.g., by the use of priority mechanisms. Even if some proposed solutions
really treat time constraints, industrial systems typically demand shorter response times and/or cycle times when, e.g.,
hundreds of nodes/sensors should be scanned (see [5] for references to sources on field buses and industrial
communication).

Collision avoidance protocols can be integrated into or run on top of the Ethernet protocol (see, e.g., [6] [7]). This
solution can, however, demand significant changes in existing protocols and/or hardware on a low level. Also, the
bounded communication delays can be rather long. Some work on real-time communication over switched Ethernet
has also been reported (see, e.g., [1]) but with the focus paid on bandwidth guarantees for multimedia traffic and not
on industrial communication with tight timing constraints. The standardization work on industrial Ethernet (see [5]
for references) is highly active and includes aspects of, e.g., security, ruggedness, and real-time constraints. However,
the work on real-time support has not led to any concrete proposals with performance comparable to specialized
industrial communication systems for hard real-time systems. The specialized industrial communication systems, in
turn, do not offer the same simple configurations and support for heterogeneous traffic and protocols as LAN-
technology will be able to support with the methods we aim to develop.

7. Industrial relevance
The industry (e.g., EMW, one of our industrial partners) has a large interest of using cheap and simple LAN
technology (like Ethernet) in industrial and embedded systems. Ethernet has already today been introduced to these
applications but there is a great need of services for real-time communication and better analyzability of the
communication behavior.

The project is highly valuable for the industry in several respects/areas, e.g.: (i) industrial communication industry
with products used in, e.g., manufacturing industries and where one of our project partners, HMS, is one of the world's
leading companies in the fieldbus technology sphere, (ii) communication in embedded systems like radar signal
processing systems for which our other industrial partner is one of the world leaders, and (iii) the standardization
work on industrial Ethernet where HMS is a founding member of IndustrialEthernet.com and board member of
IAONA (Industrial Automation Open Networking Alliance).

As mentioned above, the application area for possible adoption of the results is large and the project is highly
motivated by the industrial needs. Therefore, we foresee good chances for the research results and the developed
competence to be useful and used by the industry. Case studies of several applications and implementation of vital
parts on a hardware platform will verify the applicability of developed methods in real industrial environments. This
will be a continuous iteration to secure the industrial relevance of the research.

We judge the exploitation possibilities as good. The project might, for example, result in new (or stronger) business
areas for the involved companies, a new company which can offer special competence in the field of high-performance
real-time networks, and/or a new company with products in the field (software and/or hardware).

8. Relation to the profile and other SSF programs
Other SSF programs which might be related from a broad point of view (e.g., applications where a high-performance
real-time network might be needed) are: Integrated electronic systems, Computer Science and Systems Engineering
(ECSEL), Telecommunications (PCC), The Interactive Institute, and Autonomous Systems. From a more narrow point
of view we find many relations to ongoing ARTES research (research on, e.g., distributed real-time systems and
multiprocessors, scheduling, and heterogeneous real-time systems), including the projects on real-time communication
for which we already have Ph.D. students in Halmstad, and we find our project very suitable for the current ARTES
call. Some of the keywords found in the call, and which we find especially noteworthy as related to our project, are:
control systems, multimedia, avionics, defense applications, telecommunications, process control, predictability,
reliability, heterogeneous real-time systems, distributed systems, results applicable to industrial problems, case studies,
and exploitation possibilities.

9. Context
The research will be carried out at the CC-lab (Computing and Communication) within the School of Information
Science, Computer and Electrical Engineering (IDE), Halmstad University. The lab, and its leader Professor Bertil
Svensson, has long experience in, e.g., embedded real-time computing, distributed real-time systems, and parallel



computing in general. The project is to be led by Magnus Jonsson who has made significant contributions in the field
of real-time networking (see, e.g., [2] [4] [8] [9] [10]).

HMS is working in the area of industrial/real-time communication and fieldbus technology (see [11] for more
information on HMS), while EMW represents areas like embedded systems, real-time computing, and signal
processing applications (see [12] for more information on EMW). The field of real-time communication is vital for
both companies. In addition to our industrial partners taking active part in this project, we have a large network
including both academic, industrial, national, and international contacts.

The proposed project is complementary to three projects: (i) a project (funded by KKS) together with EMW and
Mercury Computer Systems which is more oriented towards parallel processing, especially embedded signal
processing, including research on network architectures, real-time communication services and protocols for these
networks, (ii) a project together with Chalmers University of Technology, Mitel Semiconductor AB, Ericsson
Microwave Systems AB, and Ericsson Telecom AB, with focus on optical interconnections in embedded systems like
telecommunication equipment, and (iii) an ARTES financed project focused on high-performance heterogeneous real-
time communication services. As indicated above, research on real-time communication already exist but with
different focus than the now proposed project. The projects will, however, complement each other well.
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Magnus Jonsson, Ph.D., Acting Associate Professor

Present position: Acting Associate Professor in Data Communications, Halmstad University, Halmstad, Sweden.
Director of studies (studierektor) for the Bachelor program in Information and Communication Technology (ICT).
Project leader of the ARTES-financed project "Methods for integration of heterogeneous real-time services into high-
performance networks"

Education:

• Ph.D. in Computer Engineering with the thesis "High performance fiber-optic interconnection networks for real-
time computing systems" at Chalmers University of Technology, Göteborg, Sweden, 1999.

• Lic. Tech. in Computer Engineering with the thesis “Fiber-optic interconnections in high-performance real-time
computer systems” at Chalmers University of Technology, Göteborg, Sweden, 1997.

• M.Sc. in Computer Systems Engineering, Halmstad University, Halmstad, Sweden, 1994.

Publications: More than ten international refereed papers, most of them in the area of real-time communication.

Research orientation: Computer communications, embedded real-time systems, parallel and distributed computing,
optical network architectures. Former research activities also include robotics and artificial neural networks.

Current and recent Teaching:

Course: Data Communications (both Electrical Engineering and Computer Engineering programs), course responsible
and examiner.

Coordinator and examiner of all Bachelor degree projects in the program of Computer Systems Engineering, 1998.

Course: Parallel Computer Architecture, course responsible and examiner.

Course: Communication, course responsible and examiner (focused on presentation techniques but report writing was
also included).

Advisor of Master and Bachelor degree projects in the programs of Computer Systems Engineering and Electrical
Engineering at Halmstad University.

Other commissions:

Member of the Program Commitee of the EHPC 2000 Workshop (5th International Workshop on
Embedded/Distributed HPC Systems and Applications)

Member of the Committee of Computer and Information Technology (dIT-nämnden) at Halmstad University (Oct.
1997 - present)

Member of the Research Committee (Forskningsnämnden) at Halmstad University (July 1997 - June 1999)

Recent publications relevant for the project:

Garcia, A., L. Johansson, M. Jonsson, and M. Weckstén, "Guaranteed periodic real-time communication over
wormhole switched networks," to appear in Proc. ISCA 13th International Conference on Parallel and Distributed
Computing Systems (PDCS-00), Las Vegas, NV, USA, Aug. 8-10, 2000.

Jonsson, M., C. Bergenhem, and J. Olsson, “ Fiber-ribbon ring network with services for parallel processing and
distributed real-time systems,” Proc. ISCA 12th International Conference on Parallel and Distributed Computing
Systems (PDCS-99), Fort Lauderdale, FL, USA, Aug. 18-20, 1999, pp. 94-101.

Jonsson, M., “Fiber-optic interconnection networks for signal processing applications," 4th International Workshop on
Embedded HPC Systems and Applications (EHPC'99), San Juan, Puerto Rico, Apr. 16, 1999. Published in Lecture
Notes in Computer Science. vol. 1586, Springer Verlag, pp. 1374-1385, 1999, ISBN 3-540-65831-9.
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Bertil Svensson, Ph.D., Professor

Date of birth: February 15, 1948, Eldsberga, Sweden.

Present position: Professor of Computer Systems Engineering, Halmstad University and Chalmers University of
Technology, Halmstad and Göteborg, Sweden.
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• Ph.D. with the thesis “LUCAS Associative Processor Array  -  Design and Applications” at Lund University, Lund,
Sweden, 1983.

• M.Sc. in Electrical Engineering at Lund University, Lund, Sweden, 1970.

Experience:

• December, 1998 to present: Professor of Computer Systems Engineering, Halmstad University and Chalmers
University of Technology, Halmstad and Göteborg, Sweden.

• December, 1991 to April, 1999: Professor of Computer Systems Engineering, Chalmers University of Technology,
Göteborg, Sweden.

• May, 1983 to December, 1991: Associate Professor in Computer Engineering, Halmstad University, Sweden.

• 1974 to 1983: Periodically Lecturer, periodically Research Assistant, Dept. of Computer Engineering, University of
Lund, Sweden.

• 1977 to 1983: Co-founder and co-owner of Synthese, a company for development and production of  development
tools for microprocessors, Lund, Sweden.

• 1970-1971, 1972-1974: Teaching assistant, Dept. of Computer Engineering, University of Lund, Sweden.

Appointments:

• January 2000 to present: Dean of the School of Information Science, Computer and Electrical Engineering,
Halmstad University.

• January 2000 to present: Head of the Laboratory for Computing and Communication, Halmstad University.

• July, 1993 to April, 1999: Vice-Dean of the School of Electrical and Computer Engineering at Chalmers
University of Technology and, as such, responsible for the undergraduate study programme (for the Master's
degree) in Computer Science and Engineering

• November, 1987 to December 1999: Head of the Centre for Computer Systems Architecture (CCA), Halmstad
University, Sweden. (First called the Centre for Computer Science. Initiator of the same).

• May, 1986 to June, 1988: Initiator and co-leader of the Centre for Image Processing and Computer Graphics

• October, 1983 to December, 1991: Vice President of Halmstad University, Sweden.

• July, 1989 to October, 1991: Acting Professor of Computer Systems Engineering, Luleå University of Technology,
Sweden.

Publications: More than 60 papers published in international journals and conference proceedings. Co-author of two
books.

Research supervision: 13 Licentiate theses, 6 Ph.D. theses

Research orientation: Massively parallel computer architectures, real-time parallel computer systems, artificial
neural networks, autonomous robot navigation.
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Appendix D: Letter of intent from Ericsson Microwave Systems AB

2000-05-18 FN/B-2000:052

EMW/FN/BT  Kurt Lind

Sektionen för informationsvetenskap,
Data  och Elektroteknik
Att Magnus Jonsson
Högskolan i Halmstad
Box 823 , 301 18  Halmstad

INTRESSEFÖRKLARING FÖR ARTES-PROJEKTET
SWITCHED REAL-TIME COMMUNICATION FOR INDUSTRIAL
APPLICATIONS

Ericsson Microwave Systems utvecklar radarprodukter innehållande dator-
och signalbehandlingssystem. Kommunikationsfunktioner med höga
prestanda avseende datakapacitet och realtidsegenskaper blir alltmer
väsentliga. LAN baserade på Ethernet i realtidsmiljö används
idag.Utnyttjande av switchteknologi är mycket intressant för framtiden.

Projektet som föreslagits Artes tar upp frågeställningar som är  intressanta
för vår verksamhet. Vi är beredda att ingå i en referensgrupp för att kunna
ge synpunkter på arbetet och resultatet.

Med vänlig hälsning

ERICSSON MICROWAVE SYSTEMS AB
Divisionen för Flygradar
Enheten för Digitalteknik och Testsystem

Torbjörn Wolffram
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