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dependencies that have to meet a set of pre defined temporal constraints. Because of this, it is 
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distributed systems. 
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1 Introduction 
The trend today and in the foreseeable future is the addition of more and 

increasingly complex functionality in embedded systems. In the 
development of Embedded Control Systems (ECS) a bulk of the total 
development time is spent on testing and maintenance. To successfully meet 
the challenge of developing more advanced products without increasing 
costs, the development of embedded control systems must put more 
emphasis on analysis and design. Although there are many methods for 
analysis and modelling of ECS described in the real-time research literature, 
few of them are actually used in industry. The reasons for this are manifold. 
The needs of industrial development processes are rarely covered by a single 
existing real-time method and integration of different methods can be 
complicated and may involve unsolved research problems. Also, some real-
time methods need supporting tools in order to be useful in industry. 
Moreover, in developing these tools additional research problems are likely 
to be encountered when methods are deployed in industrial development 
processes. Finally, education is needed for engineers to be able to use the 
methods properly and efficiently. 

The work provided in this thesis covers methods for use in the design and 
implementation of ECS. The focus is primarily on the specification, 
analysis, and realization of temporal constraints. The results are viewed with 
respect to both industrial and academic relevance. 

The structure of this summary is as follows: Section 2 presents the 
background and motivation for this work. Section 3 presents the academic 
results and the industrial relevance and Section 4 provides a summary and 
gives directions for future work. 

It should be noted that there is no overview of related work in this 
summary. Related work is presented in the papers that this thesis consists of. 

2 Background and Motivation  
The main goal for the work throughout this thesis has been to provide 

methods that aid the engineer in specifying and fulfilling the intended 
system behaviour for ECS. In this section, the author’s view is given of what 
the requirements are for successful specification and verification of ECS. 
This section is divided into three sub sections; Temporal constraints 
describing constraints for ECS, Temporal analysis and attribute assignment 
treating the process of realising a desired behaviour, and The Context of ECS 
discussing the context in which methods for ECS should be valid.  

2.1 Temporal Constraints 
The development process for embedded control systems is similar to that 

of other computer based systems with respect to the high-level process 
elements of design, implementation, and verification. In detail there are 
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differences adhering to the enforcement of temporal requirements of control 
systems. During the design of the computer control system the activities that 
will carry out the intended system behaviour are formed, as are the 
interactions between activities and the temporal constraints of these 
activities and interactions. If a system is going to be formally analysed a 
precise model for specifying temporal constraints is required. Common in 
many analysis models in real-time theory is the ability to specify deadlines 
and/or offsets for the execution of periodical activities. Although these 
mechanisms are appropriate for expressing constraints on many activities, 
some limitations arise when used for temporal constraints related to control 
design. In an industrial project in the automotive industry in which the 
author participated, the main objective was to make an automated tool for 
pre-run-time scheduling. During this project the observation was made that 
the classical task model used was the reason for why the tool did not relieve 
the engineer of the scheduling burden to the extent that was intended. The 
engineers had to express temporal constraints originating from control 
system design, and those constraints were quite hard to express using the 
basic deadlines and offsets that were provided. When using the classical 
model for expressing control constraints the engineers had to manually 
distribute offsets and deadlines over time to make the specified system 
schedulable. To understand why this was necessary, one should take a look 
at typical control constraints and their sources.  

A key property of a control system implemented on a single CPU is that 
only one activity can be performed at any instant in time. Moreover, the 
processor architecture and the software implementation result in activities 
that have different execution time from one activation to another. The 
consequences of this include:  

• That activities do not have strict periodicity due to interference from 
other activities. 

• That time varying delays are introduced between the sampling of 
process data and the corresponding actuation of corrective data. 

• That correlated sampling activities do not necessarily observe the 
process at the same point in time, if executed on the same CPU they 
cannot execute truly in parallel.  

The consequences listed above can all be dealt with by control theory and 
design, but will put some constraints on the real-time system models and 
methods. The deviation from strict periodicity for example, can be 
accounted for in control design if the variations have known bounds. This 
will in turn put requirements on the expressiveness of the used real-time 
models. Constraints that come from control design include:  

• Constraints on the variation of the period time of execution of 
activities (jitter). Deviation from exact periodic execution will affect, 
e.g., sampling. Since exact periodic execution is hard to 
accommodate (in computer systems) for a set of tasks with different 
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period times, the ability to specify bounds for the variation is 
important.  

• Constraints on maximum time from start of one activity to 
completion of another. The ability to specify bounds on the delay of 
control loops. In complex control systems, several control loops may 
interact and the period times for the different control loops might 
differ. This includes the ability to specify bounds on transactions 
where the tasks involved have different period times.  

• Correlation constraints bounding the time between the executions of 
several concurrent activities. This type of constraint represents the 
behaviour of several concurrent activities that need to be 
synchronised in time, e.g., sampling of interrelated data. This 
constraint can be important in order to get a coherent picture of the 
state of the controlled process. 

• Combinations of constraints, such as those listed above. In a control 
loop the variation of the period time of sampling and actuation may 
need to be bounded, at the same time as the time from sampling to 
actuation has a time limit. Furthermore, the entire control loop may 
be part of a larger control structure and needs to be synchronised 
with other activities.  

The constraints listed above are relative temporal constraints as opposed 
to deadline and offset constraints that for periodic activities generally are 
absolute. As an example, a jitter constraint could be expressed using a 
deadline and an offset, but there exist many different deadline offset 
combinations that fulfil one specific jitter constraint. In a system with many 
activities there could be an immense number of possible combinations for 
assigning deadlines and offsets, and it is hard to find a solution by hand if 
only a part of those combinations lead to a system that is schedulable. 
Hence, it can be difficult to transfer control constraints to a classic real-time 
model with deadlines and offsets. To aid the engineer developing control 
systems, methods and tools based on control constraints are needed.   

2.2 Temporal analysis and attribute assignment 
Disregarding the model used, activities specified during the design 

usually are implemented utilising some infrastructure, e.g., a real-time 
operating system and communication subsystems. To transfer information 
about the design to the implementation, the design information eventually 
has to be expressed using the infrastructure primitives, e.g., task and task 
attributes such as priorities. One method for assigning implementation 
primitives so that temporal constraints specified in the design phase are met 
is to make ad hoc assignments of the task attributes (e.g. priorities). The 
resulting system behaviour is then verified and changes in the attribute 
assignments are made iteratively until a satisfactory behaviour is achieved. 
In the design phase the verification can be done by real-time analysis 
methods and in later phases by testing. One problem with the manual 
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assignment of task attributes is that it does not scale well, i.e., it is difficult 
to use for other than very small systems. Depending on the used run-time 
system, a number of more methodical approaches are available for making 
the attribute assignment. For pre run-time scheduled systems the synthesis is 
an integrated part of the scheduling phase where the execution windows of 
activities are constructed so that temporal constraints are met. For pre-
emptive priority based run-time scheduled systems, methods like rate 
monotonic and deadline monotonic can be used to assist the engineer in 
assigning priorities of activities. However, as discussed earlier, ad hoc 
transformation of more complex temporal constraints to e.g., deadlines and 
offsets are not always practical. Therefore, methods are needed that either 
makes those transformations or make the synthesis directly from the 
complex temporal constraints. There exist few methods for making the 
synthesis from complex control constraints. Available methods for pre-run-
time scheduling, e.g., [1][2][3], support control constraints but lack support 
for pre-emption, sporadic activities, and varying task execution times. For 
run-time scheduled systems there are methods with support for a sub set of 
the control constraints in section 2.1, e.g., [4][5]. 

Analysis of the temporal behaviour can both be used as part of methods 
for assigning task attributes and as a stand-alone tool. Besides conventional 
analysis methods for real-time systems based on a worst-case scenario, 
methods that could more accurately model the environment and the true 
behaviour of a control system would be beneficial. Since there is a cost in 
over estimating the resource requirements, the analysis should be as exact as 
possible. But, even if the analysis is exact it is not possible for most 
products to dimension the control system for scenarios that will occur at 
most a few times during the products lifetime. Instead temporal constraints 
could be guaranteed with some reliability and confidence. Potential methods 
could be based on quality of service for real-time systems and statistical 
measures for analysis.  Furthermore, since the correct behaviour of an ECS 
is dependent on correct functional behaviour at the right point in time, 
methods for co-analysis of the temporal and the functional behaviour could 
add confidence in early analysis of a system. Potential methods include 
formal methods with models for representing system functionality and 
environmental behaviour as well as state machine based methods with 
support for temporal analysis.  

2.3 The Context of Embedded Control Systems 
To make methods for synthesis and analysis of control constraints useful 

to an engineer there are additional constraints that must be considered to 
make the methods applicable in real systems. The computer system in 
complex embedded control systems have to cater for a vide variety of 
services. This includes, human-machine interaction and interfacing with 
communication sub systems and other target specific hardware. The control 
system does not only have to share the same resources with other services. It 
also has to interact and exchange information with them. Hence, accounting 
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for the behaviour of other computer activities has to be an integrated part of 
methods for temporal analysis of computer control systems. This fact leads 
to a number of issues to consider when developing methods for analysing 
and enforcing temporal constraints of embedded control systems: 

• It is important to consider both periodic and sporadic activities in the 
same system. Periodic activities originate in e.g., control 
functionality whereas sporadic activities can reflect an event-
triggered behaviour or interrupt generated from e.g., the 
communication sub system. Both of these types of activities will 
coexist in most control systems. However, these two types of 
activities are often treated differently and separately in real-time 
analysis.  

• The architecture of contemporary CPU’s and computers, as well as 
the algorithms in the software implementation, lead to execution 
times of activities that vary from one activation to another. This 
directly affects the real-time analysis since e.g., jitter will be a result 
of a varying execution time.  

• Activities in computer control system interact and have shared 
resources. The consequence is that methods should include 
mechanisms for synchronisation of the execution of activities, also 
between activities with different period times. Furthermore, there 
should be mechanisms for managing shared resources, also between 
periodic and sporadic activities. 

Many embedded control systems are distributed systems with temporal 
constraints involving activities executing on different nodes and 
communication over a communication bus.  Methods for analysis and 
synthesis can cover the complete system or the system can be divided into 
sub parts that are treated separately.  If the system is treated in parts, the 
temporal constraints spanning several nodes must be partitioned into 
separate constraints for each node and bus. Two reasons for dividing the 
analysis and synthesis into sub parts are reduction of complexity and 
separate handling of system parts by sub contractors. For systems where the 
complexity can be managed and it is possible for one actor to control the 
details of the entire system it is possible to make analysis and synthesis that 
cover the entire system at once. For this, many methods for scheduling 
activities on a processor can, with modifications, be applied in planning 
resource usage on communication busses. However, there are additional 
matters to consider. In embedded control systems most data (signals) sent 
between activities are quite small in terms of bits and to handle them 
individually in bus communication would cause a large overhead. Therefore, 
several signals are allocated to a larger container, a frame. However, the 
transmission of the frame still has to meet the most severe temporal 
constraint of the contained signals. There are several criteria that could be 
considered when allocating signals to frames, e.g., resulting use of 
bandwidth and resulting number of frames sent to a specific node. To 



 16

manage the resource usage of the bus alone is a hard task in complex 
systems.  It could prove very hard to succeed with global system resource 
management, without trying to limit the complexity. 

In the development of embedded control systems it is important that 
engineers have access to methods and tools that support the hard and 
complicated task of designing and implementing cooperative activities with 
complex temporal constraints. It is also important that the methods 
incorporate knowledge from both control engineering and computer 
engineering, in order to be a successful aid in design of embedded computer 
control systems. Furthermore, methods should manage real world 
characteristics originating from e.g., the heterogeneous nature of embedded 
control systems.   

3 Focus and Aim 
The main goal of this thesis is to provide methods and knowledge that 

assist the engineer in the design and implementation of embedded control 
systems. In more detail, the methods should give engineers support for 
describing the desired temporal behaviour of activities in a computer control 
system. More over, the methods should assist the engineer in transferring the 
described temporal behaviour to an implementation and to verify that the 
implementation meets the specified behaviour. The methods should also add 
ease to the management of temporal constraints in the process of 
maintenance and further development of control systems. Finally, it is 
important that the heterogeneous nature of embedded control systems is 
reflected in the methods by providing support for periodic control activities 
in a computer system consisting of a variety of activities such as human-
machine interaction and networking. 

4 Results and Contributions 
In this section the results of the thesis is organised according to academic 

results, educational results, and the industrial relevance of the results. 

4.1 Academic results 
A key paper in the thesis is paper A, which treats the experiences from a 

project within the automotive industry. From the work presented in this 
paper several problems were identified and solved, mainly in paper B: 
Handling Interrupts with Static Scheduling in an Automotive Vehicle 
Control System and paper C: Managing Complex Temporal Requirements - 
A Method for Assigning Priorities and Offsets in Fixed Priority Systems. 
The work provided in Paper B presents a method for fulfilling temporal 
constraints in heterogeneous embedded systems by integrating handling of 
sporadic activities with pre-run-time scheduled periodic tasks. Paper C 
presents a method with stronger support for control functionality by 
management of complex temporal constraints for use with standard priority 
based real-time operating systems.  Furthermore, in paper B problems 
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related to the implementation of the communication system is dealt with, 
whereas paper D proposes a method for managing communication resources 
in distributed systems. 

4.1.1 Paper A: Experiences from Introducing State-of-the-art Real-
Time Techniques in the Automotive Industry 

This paper discusses some findings and conclusions from introducing 
real-time techniques in the development of computer control systems for 
automotive vehicles.   

Some of the most important findings can be summarised as:  

1. Introduction of solid real-time theory provides valuable benefits, 
including early error detection and less verification efforts. 

2. Real-time theory should be transferred in the form of tools, methods, 
and education. 

3. Real-time theory has poor support for some control induced temporal 
constraints. 

4. Results from real-time theory has to be adapted to be useful in an 
industrial context, the adaptation includes research issues such as 
providing useful information to the engineer when the system is not 
schedulable.  

4.1.2 Paper B: Handling Interrupts with Static Scheduling in an 
Automotive Vehicle Control System 

This paper proposes a method for handling sporadic interrupts that pre-
empts pre-run-time scheduled tasks. The motivation for this work came 
from introducing a pre-run-time scheduler in the development of control 
systems for automotive vehicles. In the system the interrupt load caused by 
the communication sub system was high and could not be handled by the 
pre-run-time scheduled system by simple ad hoc methods. The problem was 
solved by developing a method that accounts for interrupts in the pre-run-
time scheduling process. The technique uses results for analysis of fixed 
priority tasks by incorporating the analysis into a heuristic tree search 
algorithm for pre-run-time scheduling.  

This work contributes with an efficient and safe method to account for 
sporadic interrupts when creating a pre-run-time schedule. Furthermore, the 
method will add no additional run-time overhead. 

4.1.3 Paper C: Managing Complex Temporal Requirements - A 
Method for Assigning Priorities and Offsets in Fixed Priority 
Systems 

The paper presents a method for assigning task attributes with the 
objective to meet complex temporal constraints for applications running on 
a standard real-time operating system. Using this method, complex temporal 
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constraints originating from control design can be expressed with a precise 
syntax and semantics. Based on specifications of the temporal constraints, 
task offsets and priorities are derived so that the constraints are met.  

The constraints that can be expressed include; correlation constraints 
between concurrent sampling tasks (or actuation tasks), jitter constraints on 
period times, and latency constraints from sampling to actuation. 
Furthermore, except for periodic tasks, sporadic tasks can be specified as 
well as shared resources between sporadic and periodic tasks. The model 
also handles varying execution times of tasks. The method uses genetic 
algorithms to search for an optimal assignment of priorities and offsets for a 
task set. Simulations indicate the appropriateness of the method and the 
effectiveness compared to related work. 

This work contributes with a strict syntax and semantics for specification 
of complex temporal constraints for control systems and a method for 
enforcement of complex temporal constraints using standard priority based 
real-time operating systems. Compared to methods proposed in [4][5] the 
method in presented in this paper can handle a larger set of constraints, e.g., 
both jitter and correlation constraints. Moreover methods in [1][2][3] do not 
handle sporadic tasks, shared resources between periodic and sporadic tasks, 
and varying execution times of tasks. 

4.1.4 Paper D: Frame Packing in Real-Time Communication 
This paper describes a method for allocating data shared by activities 

over a network into frames handled by the communication subsystem. In 
embedded systems the size of most data sent between activities on different 
nodes are quite small compared to the available data containers, i.e., frames, 
for the bus. Even if there are small frames available the transmission 
overhead increases as the size of the frame decreases. As a result, signals 
from several activities have to be allocated to the same frame in order to 
reach an acceptable performance of the communication subsystem. The 
signals have different temporal constraints and the allocation will therefore 
affect the bus utilisation. In fact, finding frame sizes and making proper 
allocation of signals to frames so that the bus utilisation is minimised is a 
NP-hard problem. The method presented allows fast allocation of very large 
signal sets with good result with respect to bus bandwidth utilisation. The 
method is based on approximation algorithms and simulations are used to 
verify the appropriateness of the algorithms. 

The work presented in this paper makes contributions by formulating the 
packing problem, showing that the packing problem is NP-hard, presenting a 
simple and effective heuristic for frame packing, and demonstrating the 
effectiveness of the algorithm on realistically sized problems derived from 
the automotive industry. 
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4.1.5 Tools 
To aid the development and evaluation of methods for managing 

temporal constraints in ECS two software tools have been developed.  

GenECS is a tool for generating simulated system specifications for 
embedded control systems. The tool generates task sets with temporal 
constraints according to a predefined profile. It is possible to control the 
distribution of values generated for attributes such as the worst and best case 
execution times, deadlines, jitter constraints for period times, and utilisation 
for sporadic and periodic tasks.  

TemporalControl is a tool for assigning attributes for pre-emptive priority 
based real-time operating systems. Given a specification of a task set with 
temporal constraints the tool assigns priorities and offsets to the tasks so that 
the constraints will be met during run-time. The task set can include both 
periodic and sporadic tasks with synchronisation constraints and shared 
resources. Temporal constraints that can be solved include jitter, correlation, 
and latency.  

An earlier version of the tools where developed as part of a master thesis 
conducted by Johnnie Blom under supervision of Kristian Sandström. 

4.2 Educational results 
  

The knowledge gained during the work of the thesis has been exploited for 
many educational purposes. As the most prominent the following are 
mentioned: 

• The development of course material and lab exercises for a basic 
course in real-time systems at Mälardalen University. 

• Development and realisation of several instances of a large-scale 
project course in distributed real-time systems. Research results have 
been applied in the course, e.g., in a project developing design and 
analysis tools for embedded real-time systems. 

• A compendium in real-time systems used at Mälardalen University, 
Uppsala University, and Dalarna University.  

4.3 Industrial relevance 
Throughout the work of this thesis there have been an exchange of 

knowledge with industrial partners. Methods have been tested in industrial 
cases and research issues have been extracted from problems found in 
industrial projects. Furthermore, several courses in real-time systems have 
been given to industry. In the rest of this section, the more extensive co-
operations are presented. 
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4.3.1 Technology transfers 
In a project with Volvo Construction Equipment Components a real-time 

design model and analysis was introduced in the development of their 
computer control system. The model has evolved and is still in use in the 
development of the embedded control system for construction equipment. 
From this project a lot of problems were identified, and some of them are 
solved in this thesis.  

In a master thesis [6], methods for allocation of signals to frames and 
scheduling of frames on the network where developed. The work was 
conducted in cooperation with Volcano Communication Technologies. A 
simulation environment was developed and the results have later been used 
in an industrial project. 

4.3.2 Prototypes 
As a commercial spin-off, a prototype tool for pre run-time scheduling, 

the Configuration Compiler, was developed. The prototype was developed 
for use at Volvo Construction Equipment Components and is now 
incorporated in the tool set for the commercial real-time operating system 
Rubus provided by Arcticus Systems.   

5 Conclusion and future work 
In order to develop and maintain embedded control systems of higher 

quality in shorter time, it is important that methods and tools support the 
complex task of computer control system development. Tools and methods 
that help the engineer to formulate and enforce the complex temporal 
constraints put on control systems are needed. Furthermore, since most 
embedded control systems are heterogeneous, support for systems consisting 
of subsystems with different characteristics are required. 

This thesis proposes methods for specification, analysis, and synthesis of 
temporal constraints for embedded control systems. Furthermore, methods 
are provided that are adapted for the reality of embedded systems with a mix 
of control and computer system related functionality. The contributions are: 

• An industrial case study pointing out limitations in classic real-time 
models and giving indications of engineering needs. 

• A strict syntax and semantics for specification of complex temporal 
constraints for control systems. 

• Scheduling off periodic control activities under the interference of 
interrupts.  

• A method for enforcement of complex temporal constraints using 
standard priority based real-time operating systems. 

• A method for management of communication resources in 
distributed systems. 
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Several tools and prototypes have been developed to validate the results 
and some of the prototypes have been transferred to industry and are in 
successful use today. 

In future work the author would like to investigate how the methods can 
be better adapted to practical operating conditions of a system. The method 
for attribute assignment presented in this thesis assigns attributes based on a 
safe analysis using a system model that will represent the outer boundaries, 
with respect to the temporal behaviour of the real system. The analysis will 
often provide over estimations if compared to how the real system will 
behave. The main part of this pessimism in the analysis comes from the 
assumption that sporadic activities will be activated with their maximum 
frequency and with a worst-case phasing relative the periodic activities. In 
the real system, this is in many cases unlikely to occur and surely in some 
cases it cannot. For many products housing embedded control systems, the 
price of having absolute certainty, with respect to resource usage, cannot be 
justified. Instead the system could be dimensioned to meet its temporal 
constraints with some probability within some confidence interval. One 
possible method for achieving this property for the method presented in 
paper C would be to base the analysis part of the genetic algorithm on 
samples taken from simulations.  

Another possible direction for future research is to look at methods for 
use earlier in the development process and how they link to the methods 
presented in this thesis. Since, an undetected error made in early 
development is much more expensive than an error made late it is important 
to have early measures of the possibility to meet functional and temporal 
constraints. It is also important to find a coherent methodology that connects 
methods throughout the development process from architectural analysis to 
implementation and maintenance.  

6 References 
 [1] Mok A. K., Tsou D., and De Rooij R. C. M. The MSP.RTL Real-Time 

Scheduler Synthesis Tool. In Proc. 17th IEEE Real-Time Systems 
Symposium, pp. 118-128. IEEE Computer Society. 

[2] Würtz J. and Schild K. Scheduling of Time-Triggered Real-Time 
Systems, In Constraints, pp. 335-357, October, 2000. Kluwer Academic 
Publishers. 

[3] Cheng S. T. and Agrawala A. K. Allocation and Scheduling of Real-
Time Periodic Tasks with Relative Timing Constraints. Second 
International Workshop on Real-Time Computing Systems and 
Applications (RTCSA'95) October 25-27, 1995. 

[4] Bate I. and Burns A. An Approach to Task Attribute Assignment for 
Uniprocessor Systems. In Proc. 11th Euromicro Conference on Real-
Time Systems (ECRTS99), York, England, June 9-11, 1999, IEEE 
Computer Society. 



 22

[5] Gerber R., Saksena M, and Hong S. Guaranteeing Real-Time 
Requirements with Resource-Based Calibration of Periodic Processes. 
IEEE Transactions on Software Engineering, 21(7), July 1995. 

[6] Ahlmark M. Local Interconnect Network (LIN) - Packaging and 
Scheduling. Master Thesis, Department of Computer Engineering, 
Mälardalens University, June 2000. 

 



 23

 
PUBLICATIONS 

Managing Complex Temporal Requirements in Real-Time Control 
Systems 
Kristian Sandström and Christer Norström. In proceedings of 9th IEEE 
Conference on Engineering of Computer-Based Systems, Sweden, April 
2002.  

Experiences from Introducing State-of-the-art Real-Time Techniques in 
the Automotive Industry 
Christer Norström, Mikael Gustafsson, Kristian Sandström, Jukka Mäki-
Turja, Nils-Erik Bånkestad. In Eigth IEEE International Conference and 
Workshop on the Engineering of Compute-Based Systems Washington, US, 
April 2001. IEEE Computer Society.  

Verifying Temporal Constraints on Data in Multi-Rate Transactions 
Anders Wall, Kristian Sandström, Jukka Mäki-Turja, Christer Norström. In 
proceedings of RTCSA 2000 Korea , December 2000. IEEE Computer 
Society. 

Frame Packing in Real-Time Communication 
Kristian Sandström, Christer Norström, Magnus Ahlmark. In proceedings of 
RTCSA 2000 Korea , December 2000. IEEE Computer Society. 

Findings from introducing state-of-the-art real-time techniques in 
vehicle industry 
Christer Norström, Mikael Gustaffson, Kristian Sandström, Jukka Mäki-
Turja, Nils-Erik Bånkestad. In industrial session of the 12th Euromicro 
Conference on Real-Time Systems, Stockholm, Sweden, June 2000.  

Modeling and Scheduling of Control Systems 
Kristian Sandström. Licentiate Thesis, ISSN 1400-1179l, Department of 
Machine Elements, The Royal Institute of Technology, Sweden, 1999.  

Constructive Feedback turns Failure into Success for Pre-Scheduled 
Systems 
Kristian Sandström, Christer Norström. In Swedish National Real-Time 
Conference SNART'99, August 1999.  

Towards Efficient Analysis of Interrupts in Real-Time Systems 
Jukka Mäki-Turja, Gerhard Fohler, Kristian Sandström. In work in 
progress, 11th EUROMICRO Conference on Real-Time Systems, York, 
England, May 1999. 

mailto:


 24

Handling Interrupts with Static Scheduling in an Automotive Vehicle 
Control System 
Kristian Sandström, Christer Norström, Gerhard Fohler. In Proceedings of 
the fifth International Conferance on Real-Time Computing Systems and 
Applications,pages 158-165, October 1998. IEEE Computer Society.   

An Overview of RTT: A Design Framework for Real-Time Systems 
Christer Norström, Jukka Mäki-Turja, Kjell Post, Mikael Gustaffson, Jan 
Gustafsson, Kristian Sandström, Ellus Brorson. Journal of Parallel and 
Distributed Computing, no 36, August 1996. 

A Graphical Design Environment for Development of Object-Oriented 
Hard Real-Time Systems  
Christer Eriksson, Roger Hassel, Lennart Myrehed, and Kristian 
Sandström. TOOLS Europé 95, Paris, France, Mars 1995. Published in 
TOOLS 16 by Prentice Hall, ISBN 0-13-443128-6.

http://www.mrtc.mdh.se/php/staff_show.php3?id=0042
mailto:

	Contents
	I
	Introduction
	Background and Motivation
	Temporal Constraints
	Temporal analysis and attribute assignment
	The Context of Embedded Control Systems

	Focus and Aim
	Results and Contributions
	Academic results
	Paper A: Experiences from Introducing State-of-the-art Real-Time Techniques in the Automotive Industry
	Paper B: Handling Interrupts with Static Scheduling in an Automotive Vehicle Control System
	Paper C: Managing Complex Temporal Requirements - A Method for Assigning Priorities and Offsets in Fixed Priority Systems
	Paper D: Frame Packing in Real-Time Communication
	Tools

	Educational results
	Industrial relevance
	Technology transfers
	Prototypes


	Conclusion and future work
	References



