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Abstract 
 
Research network for applied sensor development and measure-
ment technology 
 
Sensor development and measurement technology is an area with great potential for 
national growth and innovation. New and intelligent sensors are being developed which 
can enable measurement, monitoring and control of a wide range of processes, from 
traditional manufacturing industry to the IT society of tomorrow and intelligent products 
of all kinds. The national technological infrastructure for sensor development and 
measurement technology is however insufficient. An improved communication between 
universities, research institutes and industry is needed. Above all, the sensor developer 
needs support. 
 
The project group which has been formed with the task of giving proposals of how sensor 
development and measurement technology can be improved, consists of several of this 
country’s leading researchers and users of sensors and measurement technology. The 
report gives a review of the areas of current and future application of sensors. Then a 
presentation is made of a general methodology for the development of sensors, 
independent of which quantities are measured or which sensor principle is used. This 
methodology is the principal function of a research network which is proposed as the 
main result of this project, with the aim of creating a unique national resource for better 
measurement through more efficient sensor development. 
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Summary 
 
Sensors lead to better quality, economy and efficiency by:  
• playing a decisive role in modern process- and manufacturing industry for 

automatic measurement and process control  
• integration in many modern product for measurement, monitoring and control 

throughout the whole product lifecycle  
• use as an interface between information networks and ”reality” for the exchange of 

information signals in an extended IT-society 
 
Research leads to the development of  new sensor principles, based on for example 
micromechanics, optoelectronics, biotechnology and fundamental science, in combination 
with other technologies, not least IT. 
 
But how does one ensure that newly developed sensors will satisfy the exacting 
requirements not only of scientific excellence but also reliability and economy when 
practically implemented?  
 
If one considers the whole development chain of a sensor, from idea hatching, through 
prototype development, to practical implementation in the field and industrial production, 
it is clear that the sensor developer needs the support and active interaction with various 
research organisations at the different stages, all in order to meet the demands of the final 
user.  
 
NUTEK (Swedish Board of Technical Development) has supported a project to develop a 
proposal for a research network for applied sensor development and measurement:  
• in collaboration between industry, sensor developer, research institutes and the 

universities,  
• develop that which is generic to improved measurement, in particular a development 

methodology,  
• irrespective of stage of development or of which quantities measured or sensor type 

used. 
 
A number of aims and groups of interested parties has been identified during the project 
through meetings with leading Swedish researchers and users of sensors and 
measurement technology. A network is proposed, in which information about sensor 
development and measurement problems can be disseminated over branch- and academic 
limits through the establishment of databases of sensor developers and final users or of 
information about "state-of-the-art" applications of sensors. Another important ingredient 
in the proposed network is projects in smaller, more focussed groups. This can be for 
example the development of new measurement testing and calibration methods for new 
sensor systems in various constellations of researcher, institute, sensor developer and 
final user. The aim is, as always, to ensure that the new sensors are both robust and 
integrable.  
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1 Background, aim of project and network 
 
Sensor development and measurement is an area of competence with great potential for 
national growth and innovation over a wide and growing area of application. New and 
intelligent sensors are being developed which enable monitoring and control in all areas 
from traditional manufacturing industry to future IT and intelligent products.  It is almost 
possible to regard the whole technical society as a process to be made more efficient in 
order to achieve better quality, economy and environment in the widest possible sense. 
Sensor development and modern measurement technology are important ingredients in 
foresight efforts of industry and society.  
 
The technical infrastructure nationally for sensor development and measurement 
technology is however in need of strengthening. Despite an impressive research into 
advanced sensors, based for instance on microelectronics, IT, biosensors etc, there is a 
need for better communication between universities, research institutes and industry. The 
more academic world has to become cleverer at spreading research results to industry. At 
the same time, industry’s needs of sensors and measurement technology should be 
caught.  
 
To give a proposal of how this can be solved in the best way was the aim of this NUTEK 
financed project. In a network for applied sensor development and measurement 
technology which ties together the industrial and academic worlds, it is a third group, 
namely the sensor developer, with those companies and organisations which can support 
him in sensor development, which provides the vital link between researcher and final 
user.  To formulate the modus operandi for the sensor developer and this third group in 
terms of a generic methodology for sensor development at the national level has been a 
primary aim of the present project.  
 
The project group which has been formed for this task consists of some of the leading 
researchers and users of sensor and measurement technology (appendix 5). In the next 
section (§2) an overview is given of the areas of application of sensors today and in the 
future. After a brief description of a sensor system (§3), follows a  presentation of a 
generic methodology for the development of sensors, independent of which quantities are 
measured or sensor type used (§4). This methodology is the principal way of working of 
the research network as proposed as the main result of the project (§5). The report 
concludes with several organisational proposals concerning the financing of the network 
and the collaboration needed to complement and collect together existing competence, 
thereby creating a unique national resource for better measurement through more efficient 
sensor development.  
 
2 Areas of application 
 
An important question to be considered when forming the network is what need is there 
for sensors today and in the future in various industrial and societal sectors.  
 
Sensors first found application in the traditional process industries (power, water, 
timber, paper, ore, ...) where raw material, in the form of one or a few components, could 
be controlled in continuous processes [Flanagan 1987]. Process on-line measurement of 
variables such as flow, pressure, temperature, level and analytic demanded sensors which 
were to work continuously during long periods of time, often in difficult and dangerous 
environments. Demands on reliability are also severe because of the often high costs of 
loss of production. The total market for sensors in classical process industry is today 
considered to be limited in terms of numbers, even though in certain cases the price per 
unit can be allowed to be relatively high. 
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In manufacturing industry, the great complexity of products compared with process 
industry has for long time retarded the introduction of sensors for automation and 
optimisation of manufacturing processes [Jones 1987, Tamura 1987]. Traditionally 
workshop industry has demanded for instance sensors for: 
• measurement of movement of machine tool parts 
• monitoring of tool wear 
• measurement of dimensions of objects being tooled for adaption of different parts with 

selective asssembly or for interchangeability  
• inspection and testing of finished or nearly finished products 
 
Multivariate systems are today becoming of greater importance, where many sensors are 
used to measure a number of quantities and large amounts of information need to be 
treated quickly. The trend is to use special sensors for distributed process control. 
Microelectronic and optoelectronic sensors offer fast and interference-free measurement 
in limited space and harse environments. In addition, non-destructive measurement and 
the interaction between sensor and application is of great interest. Sensors are of 
considerable importance in robots and autonomic systems. The development of neural 
networks and similar research is taking place at many universities and technical colleges.   
 
An area experiencing a strong development is where sensors are built into products. 
Over a wide spectrum of applications, from for instance bridge supports, vehicles to 
packets of milk, sensors are to be integrated in order to optimise the functionality of the 
product through monitoring and control throughout the whole lifecycle. Other 
applications are in medicine, the environment and in the food industry. Here it is almost 
possible to regard the whole technical society as a process to be made more efficient in 
order to achieve better quality, economy and environment in the widest possible sense.  
The application area sensors in products is expected to demand a considerable sensor 
development, both in terms of volume and technical performance. In their turn process 
and manufacturing industries will benefit from this product sensor development through 
spin-off effects.  
 
Yet another application area expected to grow strongly is sensors in the IT and 
communication systems of tomorrow. Soon, many new or improved products will 
communicate with each other, for example in WAP applications. In the long run, there is 
the ambition in the global society even to be able to communicate many more kinds of 
sensor variables (e.g. smell) compared with today’s limited voice transfer. This 
development requires sensors which combine a high degree of sophistication with 
economy and robustness, acting as the interface between the information network and 
“reality” for the exchange of information signals in for instance wireless systems. 
 
In this context, it is easy to design new and increasingly more refined applications and it 
is maybe appropriate, at least in some cases, to consider what kind of development is 
desirable. Industrial political aspects should also be penetrated more in order that the aims 
are defined at the right level.   
 
Further future development possibilities and applications for sensors have been identified 
in the national technology foresight project ”Teknisk framsyn”, which is summarised in 
appendix 6 of this report.  
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3 What is a sensor”? Sensor-sensor systems. Sensor 
principles 
 
The sensor of a measurement system is that part of the instrument in closest contact with 
the measurement object. The sensor is the most sensitive part of the instrument, in order 
to receive the signal from the measurement object, but at the same time this means that  
the sensor is most suceptible to interference.  
 
Also of interest is conversion of the signal from the sensor to a signal (usually electric) 
for further processing and data presentation.  
 
This project group was of the opinion that the Network should focus not only on the 
sensor but also on sensor systems and this should be reflected in the different areas of 
competence participating in the network. Since no “sensor”, “system” or ”application” is 
like another, it is probably necessary to give an explanation and a context for the sake of 
clarity, even if one defines all “sensor synoyms” stringently. 
 
Sensor principles are many - micromechanical, nanometric optoelectronic, ultrasound, 
microwave, chemical, biological, gas sensors, integrated sensors, remote sensing, 
multiple sensors, smart sensors, intelligent sensors, robots, autonomic systems, m m. 
 
4 Development chain for measurement sensors 
 
Applications (§2) and principles (§3) for sensors are, as said, many and diverse. The 
present project group suggests therefore a research network directed towards a generic 
development methodology for applied sensors and measurement. A picture of the 
development chain for a sensor [NUTEK 1999] shows the various steps between idea to 
application: 
 

 
 
Figure 1 Development chain for a sensor 
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The whole development chain should be covered by the network since there is a need 
for information and research activities at all steps in the sensor development, with even in 
some cases a certain feedback between the steps (figure 1). An idea of a new type of 
sensor may occur for instance at a university without necessarily having a particular end-
user or special application in mind. Coming in contact as early as possible with an end-
user can help focus on a particular aim while not necessarily exactly forming a 
specification or cost. Much creativity exists at the universities in this area which could be 
more usefully exploited. One way of doing this is to build a smaller group for idea 
“hatching” and initial development in combination with a larger reference group of end-
users to discuss ideas with.  
 
Then it is of course the Sensor developer, with those companies and organisations which 
can support him in the sensor development, which make the vital link for technology 
transfer between researcher and end-user. In order to develop new sensors and systems 
which will satisfy demands not only for scientific excellence but also suitability for 
practical implementation, the sensor developer (often a SME) needs the support of and 
active interaction with various researchers (university, institute and end-user) in the 
different stages, all in order to meet the demands of the final user. This is exemplified in 
the picture below of a development chain, with the steps of the sensor developer from 
idea, through prototype to production: 
 

 
 
Figure 2 An example of the collaboration between the sensor developer and various 
researchers at different stages in a sensor development chain 
 

Note that it is important to take advantage of the possibilities of feeding back between the 
different steps of the sensor development [NUTEK 1999]: For example, an early test of a 
prototype can lead to a better design before proceeding further with the sensor 
development. Before the sensor can be applied, it must be subjected to a number of 
different functionality and environmental robustness tests, as well as calibration and 
metrological control. Since the sensor developer often has difficulties to perform these 
tests and calibrations himself, he is obliged to turn to other organisations for help. Since 
the sensor is of a new design, it is not only a question of performing routine tests and 
calibration, but also investigating what should be evaluated and how the measurements 
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are to be performed. Even the sensor itself and associated control electronics can be 
further developed at this stage in the chain. 

 

5 Network aims and organisation 
 
5.1 Aims 
 
  
The Network aims are  
 
• in collaboration between industry, sensor developer, research institutes and the 

universities,  
• develop that which is generic to improved measurement, in particular a development 

methodology,  
• irrespective of stage of development or of which quantities measured or sensor type 

used. 
 

 
 
Figure 3 Development methodology, independent of application or sensor type 
 
That which is common to making better measurement, the development methodology, is 
depicted as a third dimension in figure 3. The Network’s mode of operation with the aim 
of improving sensor development is dealt with in the next section. 
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5.2 Network operation 
 
• network coordination 
• etablishment of a management group 
 
The network is to be organised under the leadership of a coordinator and a management 
group.  
 
The coordinator will have overall responsibility for the network management, including 
planning (of time and resources), economic budget, coordination and scheduling of 
meetings and other correspondence and information activities, internally (to the network 
board and other participants) as well as externally (contact with financers, sensor 
networks internationally, etc).  
 
The coordinator will also establish and have the support of a small technical management 
group which, in council with the coordinator and other network participants, will have 
responsibility for priorities in the different subdivisions.  
 
Three main divisions have been identified: 
 
A Information 
 
• information exchange about available sensors 
• public information about "state-of-the-art" applications of sensors 
• identification of new demands on sensors 
 
B Projects 
 
• solution of common technical problems 
• creation of collaborative groups for multilateral projects 
• development of new projects 
 
C Knowledge formation in the area of measurement and sensor technology 
 
 
 
5.2.1 Information dissemination in a traditional network 
 
• an annual national conference on sensors 
• meeting places (virtual and real) for dialogue amongst network participants 
• a Internet Web portal is etablished and maintained, with links to industry, sensor 

developers, research institutes and universities 
• a database is created of sensor developers and end users 
• innovation fairs 
 
 
During the last ten years, the amount of information on sensors, in the form of  
published articles, patents, conference presentation and manufacturers’ specifications, has 
increased rapidly. It is therefore difficult for a particular organisation to keep itself up-to-
date with this continuously growing information bank. At the same time, it is however 
necessary, in order to maintain competiveness in the global market through a considerable 
further development of products and services, that one understands both the latest 
technical and scientific advances as well as the present level of competition.  
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Sweden has a number of  strong research groups in sensor development. But because 
of the broad and diversified area of application (2), it may be appropriate to compensate a 
tendency to splitting, while still allowing specific and isolated nisch markets to develop 
further. A coordinated network in this field can encourage a cross-fertilisation of ideas 
and demands between researchers and users. The coordination of  technology exploitation 
can stimulate further development in order to meet users’ needs. 
 
The Network has therefore the aim of formulating an independent, impartial overview of 
sensor technology where all parties – final users, sensor developers, researchers at 
institutes and universities – can exchange information about sensor development and 
measurement technology problems for dissemination over branch- and scientific 
discipline limits. The meeting place for dialogue between network participants is planned 
to be both real (as an annual symposium, or innovation fair) and virtual (as a Webb portal 
for example). 
 
 
5.2.2 Projects 
 
Several well-focussed projects in different constellations of researchers, institutes, sensor 
developers and final users – proposals are to be developed in the network 
  

- Internet-based sensor system (Luleå University of Technology) appendix 1 
- Information transfer and learning in multisensor systems (Borås University 

College and Örebro University), appendix 2 
- Development of new testing, measurement and calibration methods for new 

sensor systems (SP), appendix 3 
- Sensor system for monitoring electric power (ACREO AB et al.), appendix 4 

 
 
Activities in the network are proposed to be performed on two levels, where in addition to 
the traditional ”passive” type of network (§5.2.1) one also has active projects which stem 
from various types of constellations of interest, e.g a number of SMEs which together 
with an institute collaborate on certification, or a constellation with an institution, an 
SME and two final users which have a project to develop a new type of sensor for special 
applications. 
 
The network has an aim to stimulate, formulate and perform such projects. Although the 
present project has not had these aims, the project group has still formulated some 
examples which are described in appendices according to the following: 
 
Appendix 1 Project proposal: Internet-based sensor system 
 
1. Communication and calculation capacity of sensors in systems 
2. Internet based communication in sensor systems 
3. Development of sensor systems, especially Internet based  
 
 
Appendix 2 Project proposal: Information transfer and learning in multisensor 
systems 
 
1. Investigation of a common language to be used for information transfer between 

sensor subsystems 
2. Strategies for robust, stepwise learning with deterministic temporal response for use in 

multi-sensor decision making   
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Appendix 3 Project proposal: National resources for calibration and testing of new 
sensors and measurement systems 
 
1. Traceable references through Physics and sensors 
2. ”Pre-normative” research for testing of new sensor systems 
 
Appendix 4 Project proposal: Sensor system for monitoring electric power 
 
1. An intelligent monitoring and control system for adaption of electricity production to 

demand and localised errors in the distribution net.  
2. A micromechanical E-field sensor for static and low frequency electric fields with 

optical fibre reading  
 
 
5.2.3 The art of measurement. Education 
 
• Map and collate sensor and applied measurement educational resources  
• Expert knowledge of various sensors, specially "state of the art", e.g in the form of the 

very latest development of the electronic nose or some such, is placed on a web page 
administered by the network, together with relevant educational material 

 
The need for scientists and engineers to have continuing and higher education in 
measurement and sensor technology has never been greater. At the same time, several of 
this country's universities unfortunately are closing down their measurement courses, 
partly owing to the fact that measurement and sensor technology is a discipline which 
covers several of the traditional academic subjects, and courses may be found for instance 
both at Physics Departments and Electrical Engineering Departments and elsewhere. 
There are some exceptions, for instance at some of the newer university colleges. 

Internationally, one argues for more measurement education. In a recent number of the 
American journal IEEE Instrument & Measurement Magazine [IEEE 1999], the Japanese 
Professor Kenzo Watanabe (Shizuoka University) argues for a strengthened higher 
education in Instrument- and Measurement by pointing out that today's industry needs 
engineers who can compete in a production environment with ever shorter development 
times and more limited budgets, at the same time as quality requirements increase. In 
addition, the implementation of digital technologies has meant that the traditional quality 
products which have been a hallmark of Japanese industry, now have competition from 
cheaper but cleverer newcomers; products whose quality can be markedly improved, 
through imbedded sensors and processes for control, automatic calibration, noise 
reduction etc. From an American perspective on Instrument- and Measurement 
Education, John Schmalzel (Rowan University) means that engineers in 
"systrumentation" are needed, that is, who combine the generalist's perspective of a 
generic measurement system with the specialist, well-acquainted with "state-of-the-art" 
measurement technology as well as a "practitioner", who can be productive directly in 
today's highly competitive industries. 

A new 120p three year B.Eng in “Measurement and Quality Engineering” has been 
developed at University College Borås since the mid 1990’s in collaboration with SP, 
where SP teaches all of the measurement courses (25p; 15 lecturers). Courses range from 
specific measurement subjects (such as measurements of volume flow, mass flow, density 
and liquid level, length, mass, optical, thermometry, chemical and environmental 
measurement, using SP's unique laboratories) to generic measurement courses in 
measurement uncertainty, measurement computer systems, measurement system analysis, 
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etc. Discussions are also underway with CTH Electrical Measurement Education (Onsala) 
with SP about collaboration in industrial continuing education. SP already offers on a 
commercial basis industrial measurement education in for instance Process Measurement. 
These activities are close to consultation activities which include advice on methods of 
control and in-process calibration of continuously working measuring equipment.  

The proposed sensor network has the aim of charting and collating measurement and 
sensor technological educational resources in this country. In addition the network would 
have projects where current educational material is produced in this rapidly developing 
measurement area. All participants with expert knowledge of various sensors, especially 
"state of the art", e.g. in the form of the very latest development of electronic noses or 
similar, will be placed on a Web page administrated by the network, together with up-to-
date educational material. These pages would be under the administration of the network 
(linked to its web portal (§5.2.1)) with the aim of making available educational material 
to students which are continuously held up-to-date.  

 
5.3 Aims concerning financing of network 
 
The whole network is intended to have basic support from national research financiers, 
research councils and foundations. The motivation is that the network, as a collected 
national resource for sensor development, will lead to improved national competitiveness 
through: 
   
• creation of new ideas and products 
• commercialisation of products  
• creation of new companies and employment openings 
 
Sensor development and measurement is an area of competence with great potential for 
national growth and innovation. 
 
As a necessary complement even private capital is needed in order to contribute to long-
term advances in sensor development. For example the various sensor development 
projects formulated and perfomed by the network (§5.2.2), could be partially financed 
through venture capital. Sensor development and modern measurement technology are 
important elements of industrial work of the future. 
 
6 Collaboration and conclusions 
 
To strengthen the technical infrastructure for sensor development and measurement 
technology, a national network is proposed as a unique collation of resources which 
would not otherwise occur.  
 
In many cases, the final user, researcher, sensor developer or supplier (including system 
deliverer of knowledge about sensor use) will not be prepared to pay for development at 
the high levels of risk associated with the early stages of application. Work with sensor 
development often demands a multi-disciplinary approach which an individual institute or 
entrepreneur alone cannot master.  
 
A national knowledge network for sensor development and measurement technology 
should be able to use all available competence within different areas of application as 
well as existing centres of excellence and organisations, in a way such that competition is 
avoided and synergy effects are a premium.  
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The various organisations and researchers which have participated in this project have 
had the opportunity of presenting their areas of activities. The project group, which has 
included the organisations listed in appendix 5, was considered to be of an appropriate 
size for the task at hand. On the other hand, there are of course also other organisations 
involved in sensor work and the intended network will naturally be open to all interested 
sensor researchers and not least sensor users.  
 
A deciding factor in how well the network will function is to what extent the members 
with seek collaboration with each other. Pilot projects, of the type exemplified in 
appendices 1 - 4, which will be started in connection with the foundation of the network 
can act as a springboard which demonstrates the usefulness of coordination between 
different actors and which in addition will create fruitful contacts between participants 
through practical collaboration. It is naturally important for both network and projects 
that they are well integrated amongst a broad collection of participants, both academic 
and industrial. 
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Appendix 1 Example: Internet-based sensor system 
 
(Luleå Technical University) 
 
Need of sensor systems 
 
Sensors and sensor systems in technical and medical contexts enable both control and 
monitoring as well as information for debiting (e.g. at a petrol station). 
 
It can happen that a simple process can be controlled with only one variable, for example 
liquid level in a tank. In such cases it can be sufficient to have one sensor even though 
(see below) reliability and accuracy needs can make it advantageous to use several 
sensors even there.  
 
Of greater interest is that many processes are described in terms of a number of different 
variables – multivariable systems – which obviously demand sensor systems. Such 
systems are of greater interest from the research point of view since problems arise which 
are not so well worked out since there is a technical potential which is far from fully 
exploited.  
 
Even in situations where one expensive sensor is sufficient, can a system of several 
cheaper sensors, each of which in itself is insufficient, still be preferable from an 
economic point of view. Examples of this can be quantities which are difficult to measure 
directly, but which with the help of mathematical models can be calculated from a 
number of other quantities each of which is easy to measure.  
 
In applications where security is critical, demands are high on reliability and accessibility 
to sensor data and that possible component errors only gradually worsen system 
performance ("graceful degradation"). This obviously demands redundancy in sensor 
systems, even in situations where one, error-free sensor would have been sufficient.  
 
 
Communication and calculation capacity of sensors in systems  
 
It is in no way clear which architecture a sensor system should have for a certain 
application. Appropriate architectures depend on costs for communication and calculation 
capacity. Architectures can vary from a number of sensors which send independently 
untreated data to a central computer, to a number of sensor each of which is provided 
with a calculation capacity such that at each sensor node there can be and be up-dated a 
complete model of process status and where sensor nodes communicate up-datings of 
status models to each other, without the support of a central computer.  
 
An appropriate architecture for a sensor system lies often somewhere between these 
extremes. That means that at each sensor node there is calculation capacity for model-
based filtering of its “own” measurement data in order to estimate the value of its “own” 
measurement quantity and to communicate of this sufficient statistic to a central 
computer, possibly to a selection of other sensor nodes.  
 
It is obvious that the architecture of a sensor system depends also of its intended function 
– to give status information for control and monitoring or debiting information eller 
underlag för debitering. Sensor system architecture can thus not be determined  
independently of other system demands.  
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Internet-based communication in sensor systems 
 
It is well known that there are a number of different systems for the communication of 
measurement data. These have been developed specifically for measurement tasks and 
work well. 
 
Many of these solutions have the disadvantages of a lack of standardisation and high 
costs. Internet-based communications systems can therefore be an attractive alternative 
and a de facto standard – component costs in mass production are always much lower 
than for products only used in industrial applications.  
 
 
Development efforts for sensor systems, specielly Internet-based sensor systems 
 
A sensor system is characterised, apart from the physical characteristics of the various 
sensors, of their network architecture and of signal processing performed at each sensor 
node. Specially for Internet-based systems, the time taken for communication is within 
certain limits a random variable. 
 
The need of development efforts in sensor technology we believe therefore to be large in 
the following areas:  
 

- electronics with both analogue and digital functions on the same silicon chip 
which combines low power consumption, good noise and interference 
characteristics as well as a wide working temperature range  

 
- signal processing that uses low power electronics with limied bandwidth and 

signal calculation capacity in each sensor node  
 

- methods for sensor diagnosis (if a sensor ceases to work then its measurement 
data should be ignored and replaced by estimates) 

 
- theory which allows use of sensor data without accurate time keeping or with a 

time delay which is random  
 

• methods to "time stamp" sensor data 
 

• methods to choose architecture for sensor systems for a given application. 
 
 
It is obvious that for the development of sensor systems will require cross-disciplinary 
efforts and thereby competence in the areas of  electronics, signal processing,  
contorl technology and communication technique, as well as measurement technology. 
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Appendix 2 Project proposal: Information transfer and 
learning in multisensor systems 
 
(Borås University College and Örebro University) 
 
Introduction  
 
The usage of sensors and the systems within which they are employed has 
expanded over recent years. The following sections give a brief overview of what 
is seen as currently the two most important areas of application, their 
requirements and the problems which remain to be resolved. The final section 
proposes a project based upon one these problems 
 
Industrial Applications 
 
The use of specialized sensors designed for a single function has been wide spread 
in process control for many years. Originally, these sensors were often part of a 
stand alone system and under the control of a dedicated operator (i.e. production 
line testing). However, with the increased requirement for automated manufacture 
and flexible manufacture (where small batches of different products which 
required modified testing procedures), the emphasis has moved from stand-alone 
to integrated systems, in which the complete state of the process can be 
monitored. Thus sensor systems are often part of a sub-system in which the 
preprocessing and decision making are encapsulated, where the system is able to 
sense a number of variables and communicate the result to other computer-based 
systems. 
  
The increased number of sensed variables and a lack of a precise model of process 
to be sensed has meant that programming such systems using traditional means is 
time-consuming and this has led to the use of supervised learning as a means of 
programming such systems. Supervised learning has found application at the 
preprocessing, fusion and decision making stages of sensor systems. Supervised 
learning is a technique where examples of typical cases are presented to the 
system and the system creates an appropriate classifier to distinguish between the 
presented cases.(i.e. pass or failure of a quality test at an inspection station) 
 
Consumer Applications  
  
Recently sensors have begun to be embedded within consumer electronics 
devices. These devices differ from those found in classical process control since 
they are often mobile and exist in environments which cannot be controlled. 
(Note: Newer applications in the industrial filed AGV and robotics have also 
many of these characteristics in common.) Although the requirements of sensor 
systems within consumer devices differ from those in process control, they have 
similar solutions. Since the creation of sensor sub-system with common interfaces 
would reduce design costs and time by allowing the simplified integration and 
their operation in unpredictable environments, emphasizes the need for robust 
decision-making, which is difficult to achieve with conventional programming 
techniques. 
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Outstanding Questions 
 
The once marked distinction between these areas is becoming blurred as new 
common demands are beginning to be placed upon both areas of application and 
these demands have led to a number of as yet unresolved questions: 
 
1.How can data derived from sensor systems be collected and appropriate action 
be taken within the critical times of the system? 
 
2.How can they be reprogrammed in situ in order to adapt to changing production 
conditions or usage? 
 
3.How can the diverse forms of information be integrated by the sensor system 
into a form which can be used to make a decision? 
 
4. If a supervised learning technique is used, how can it be guarenteed to be robust 
in the presence of unseen cases. 
 
5.How can the sensor be sufficiently adaptable for the different tasks it shall 
perform with a flexible manufacturing system where the task alters with the batch 
under production whilst still beginning robust to disturbance ? 
 
Previous work 
 
Attempts to solve the first of these problem in the industrial domain has lead to 
the development of numerous 'field bus' networks (i.e MAP,CAN) but due to 
competing commercial interests and the diverse domains of application there is 
not a widely accepted standard. In the area consumer electronic the situation has 
faired better and a number of de facto standards exist (i.e. i2C,spi,i2s).  
  
Solutions to the second and third problems although distinct, depend upon and 
agreed language of communication between sensor systems, actuator and control 
system, which is sufficiently flexible to encompass the diversity of system and 
application.Although, a degree of success has been achieved with a common 
language for measurement instruments and marine instruments, little work has 
been carried out large scale or small scale systems. 
 
Very little work has been done in the investigation of the questions four and five 
and those few systems which employ supervised learning for decision making or 
adaptive behavior are limited to the industrial domain. The problem associated 
with the application  of supervised learning is two-fold. The first, the training time 
required to create the classifier, is often too long to be used on-line. The second is 
that although such techniques, when presented with a sufficient set of training 
cases, do generalize well, in practice training cases appear incrementally and 
before a sufficient set of cases has been accumulated, the response is 
unpredictable and thus they cannot be said to be robust.    
 
Project      
The project will attempt to investigate the latter 4 questions through: 
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1. investigation of a common language which can be used to transfer 
information between sensor sub-systems. 
 
2. robust incremental learning strategies with deterministic time 
responses for use in multi-sensor decision making    

------------ 
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Appendix 3  Project proposal: Development of new 
measurement, testing and calibration methods new sensor 
systems 
 
SP Swedish National Testing & Research Institute, Borås 
 
• National resources for the development of methods for calibration and testing of 

new sensors and measurement system 
• Traceable references through physics and sensors 
• ”Pre-normative” research on the testing of new sensor systems 
 
Introduction 
 
A ”measurement” with a sensor system can be the collection of information on the value 
of a certain quantity, either of a physical object (e.g. how many metres long is it?) or an 
event (has a fire started?). In both cases, any difference between input and output – that 
is, measurement error – needs to be evaluated by calibration and testing.  This makes it 
possible to determine how well the measurement system can be integrated and how robust 
it is, through traceability to universal measurement references (the SI) and through 
measurement standardisation.  
 
New challenges 
 
The (rapid) development of new sensor principles leads to ever-increasing demands on 
measurement accuracy and capability 
 
Measurement and calibration of sensors 

- Measurements are made over an increasingly wider range, both in terms of scale 
(from the smallest measures in nanometrology to the largest dimensions) as well 
as quantity (chemical and biological as well as physical sensors) 

- New demands arise for traceable calibration of sensors for ever-faster dynamic 
measurements, e.g. the determination of laser wavelength in a Gbit/s fibre optic 
communications system.  

- Sensors and measurement systems are becoming more miniaturised but at the 
same time contain more functions, integrated and even have intelligence. This 
enables portable reference standards as well as on-chip “auto-calibration”. 

 
Metrological testing and verification of sensors 
Sensor and measurement systems should have adequate performance, especially with 
respect to: 

- environmental robustness,  
- safety,  
- integrability and  
- being able to communicate with other measurement systems.  

 
Sensor systems need for instance to function in harsher environments while maintaining 
measurement accuracy, for instance a pressure sensor may need to work above 1000 °C. 
 
As with traditional measuring instruments, this performance is ensured by the sensor 
satisfying specific technical requirements, often specified in international standards. With 
a novel sensor principle or application, it can be particularly advantageous to be one step 
ahead by participating in international ”pre-normative” research and actively influence 
the formation of new measurement standards. 
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In order to meet these growing measurement technological challenges, a mustering of 
metrological resources at the national level is required, for example under the co-
ordination of the national measurement institute at SP. The development of new 
measurement, testing and calibration methods can be made in different constellations of 
researcher, institute, sensor developer and final user.  
 
Traceable references through physics and sensors 
 
The development of new and improved measurement standards and methods for 
traceability can only take place on a firm foundation of long-term research closely 
coupled to advances in fundamental research in pure science [CIPM 1992]. The 
connection between fundamental physics and new sensor types , such as micromechanical 
or optoelectronic, is particularly promising. An example is the recent discovery of a new 
primary thermometric method, ”Coulomb blockade thermometry”, based on the 
conductivity of very small tunnel junctions, on which research is performed amongst 
others at Chalmers [Bergsten et al. 1999]. This is the latest in a sequence of proimary 
metrological systems which lead to that many of the SI standards are based on natural 
physical constants. Low-temperature physics, quantum electronics and their metrological 
applications, as well as new sensor principles are necessary for primary metrology as well 
as high volume applications, such as sensors in products. 
 
”Pre-normative” research for the testing of new sensor systems 
 
The sensitivity of a measurement system to external interference (EMC, temperature, 
moisture, vibrations and other environmental parameters); how a measurement instrument 
possible will perturb its surrounding (including the measurement object) and how well the 
instrument can be connected and communicate with other instruments and data 
processing systems, should also be evaluated through testing, most appropriately as early 
as possible during the development of the measurement system.  
 
Since new sensors are of a new design and construction, this is not simply a question of 
routinely performing tests and calibrations, but also investigating what needs to be tested 
and how the measurements are to be performed. Even the instrument itself and associated 
control electronics final design can be further developed at this early stage in the 
development chain. If it is a question of a completely new measurement principle, it can 
be considerably advantageous to participate in international ”pre-normative” research, 
and actively influence the formation of future standards.  
 
A potential user of a new measurement equipment or method would be helped in making 
his choice by having some kind of quality grade  ”readiness index”, certified by an 
impartial party, which indicates how well adaptable the equipment is for practical imple-
mentation. 
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Appendix 4  Sensor system for monitoring electric 
power 
 
With today’s de-regulated electricity market in Sweden and other countries, distributors 
of electricity can expect an increased need of monitoring of the national grid and dynamic 
power control dependent on local consumption. With an intelligent monitoring and 
control system, electricity distributors would be able directly to adapt production to 
consumption and locate faults in the distribution network. Plans for a co-ordinated use of 
the electricity distribution network with the construction of a fibre-optic communications 
network offers an infrastructure for monitoring of distributed measurement points in the 
national grid.  
 
Certain initial studied of a micro-mechanical E-field sensor for static and low-frequency 
electric fields with reading via optical fibre have been made at ACREO and ABB 
Corporate Research with positive results, but no funds have be available to continue this 
development further. KTH-S3 (Stockholm) has earlier developed fibre optic magnet field- 
and current sensors for the measurement of electric power components in collaboration 
with ABB Power Systems. Within the sensor network are several stakeholders able to 
contribute to bring these initial results to a commercial product. By developing a general 
sensor principle and a general reading system, the whole sensor system can be readily 
modified in order to measure other quantities, such as temperature and pressure. There are 
further possibilities of even using the same fibre network for both communication and 
integration of sensor elements. 
 
Stakeholders: 
ACREO AB development of sensors 
ABB Corporate Research applied sensor development 
ABB Power Systems user of E-field sensor 
Termooptik manufacturer of sensor systems 
STRI user of sensor systems 
Mälardalens University, Electrotechnology sensor research 
KTH-S3 sensor research 
 
With the good opportunities that exist in Sweden for a relevant composition of 
participants in this pilot project, there are possibilities to demonstrate the network’s 
capability of bringing ideas to commercial use, and create industrial growth through 
technology transfer from university and research institutes to industry. 



25 
 
 
 

Appendix 5  Collaboration 
 
 
Project group 
 
The following organisations have participated in the project group or have otherwise 
shown active interest in the project.  
 
Universities 
 
Borås 
Prof Ian Sillitoe, ISI@adm.ing.hb.se; Ingenjörshögskolan, Högskolan i Boras, Allegatan 
1, 501 90 Boras 
 
Robotics Research Group 
 
Members: Ian Sillitoe , Magnus Lundin , Per Berg, Christian Axbrink 
 
Overview 
 
The group is concerned with the computational and sensory aspects of  semi-autonomous 
control systems (systems which require limited or no human intervention) applied to 
mobile robotics. The group is currently involved in 3 projects in co-operation with a 
number of universities 
 
Projects 
 
1.Ultrasonic Echo Classification 
The project is concerned with an investigation of a new method of signal processing for 
the classification of echoes for use in robot navigation. The work has resulted in the 
creation of a novel sensor and now is concerned with the verification of the method of 
processing and classification. 
 
Participants 
 
Co-operating Institutions  
University of Parma Faculty of Engineering, Italy 
University of Loughborough, Department of Electronic and Electrical Engineering, U.K. 
 
Group Members : Ian Sillitoe, Magnus Lundin 
 
2.Modular Mobile Robotics 
 
The purpose of this research project is to design and implement distributed 
communication architecture for concurrent agents which demand high levels of 
reactiveness. The primary application will be a real-time communication system for use 
within a mobile robot. The physical communication layer is to be implemented by a 
custom network, whilst the co-ordination of these agents will be managed by a new 
software mechanism which is currently under development.  
 
Participants 
 
Group Members: Ian Sillitoe, Christian Axbrink, Per Berg. 
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3.Compact Look up Tables 
 
This work began in 1995 and concerns a new structure for programmable look-up tables 
for use in binary image processing. The work to date has been concerned with the 
determination of classes of realisable Boolean functions which can be implemented by 
the structure and now has been extended to the specification of classes pertinent to 
morphological binary image processing and the implementation costs of compact look up 
tables. 
 
Participants 
 
Co-operating Institutions 
Tartu University, Department of Computer Science, Estonia. 
 
Group Members: Ian Sillitoe, Magnus Lundin 
 
Education 
 
B. Eng. in Measurement and Quality Engineering was started at University College, 
Borås during Autumn Term 1995, as Sweden’s first university engineer degree course in 
the subject. The degree course belongs to the institution of Technology and is based on 
co-ordninated courses, making a total of 120 points ditributed over three academic years. 
The degree course is given in collaboration with the Swedish National Testing & 
Research Institute (SP), whose competence, laboratories and equipment make an 
important part of the education. http://www.ing.hb.se 
 
 
 
Linköping 
S-SENCE, Centre of competence,  
Director: Prof Lars-Gunnar Ekedahl, lap@ifm.liu.se 
Scientific advisor: Prof Ingemar Lundström, ingemar@ifm.liu.se; 
 
S-SENCE, Linköpings University, 581 83 Linköping 
tel: 013-281211, fax 013-288969 
 
 
S-SENCE is a (Centre of Excellence) for bio- and chemical sensor science and 
was established 1995 at the Department of Applied Physics at Linköpings 
University. The Department of Applied Physics had then since 15 years back been 
internationally leading in research about chemical sensors based on catalytic field 
effect components.  
The overall aim of the competence centre S-SENCE is to develop further 
knowledge within bio- and chemical sensor science as well as bring forth new 
industrial applications of bio- and chemical sensors in co-operation with Swedish 
industry. This shall be achieved through internationally competitive research,a 
continuous improvement of existing sensor technologies, the development  of new 
sensor technologies and signal processing techniques, and the development and 
evaluation of sensor applications. 
Within S-SENCE there is competence in amongst others the following areas 
represented: development and evaluation of bio- and chemical sensors for gas- 
and liquid phases with applications both in the food and process industries; 
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manufacture of  catalytic field effect sensors and sensor matrices; development of 
sample handling and data processing methods for sensor matrices; monitoring and 
control of exhaust from combusion processes; analysis methods and sensoric 
panels for analysis of smell, taste and microbic activity. 
The establishment of competence centres was initiated and supported by the 
Swedish Board for Technical Development (NUTEK). Turn-over is about 20 
MSEK/y for 1999. The following companies are at present (Feb. 2000) members 
of S-SENCE 
 
Asko Cylinda AB AssiDomän Carton AB 
Biacore AB Duni/Finess AB 
Global Hemostasis Institute AB Iggesund Paperboard AB 
Mecel AB Nordic Sensor Technologies 
AB 
Vattenfall AB  StoraEnso AB 
 Volvo Teknisk Utveckling AB
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Luleå 
Luleå University of Technology 
Department of Industrial Electronics 
971 87 Luleå 
Department head Prof. Jerker Delsing 
fax: 070 616 19 31 
tel: 0920 918 98 
Lennart Gustafsson 
Lennart.Gustafsson@sm.luth.se 
 
Luleå University of Technology 
Department of Industrial electronics 
7 researchers 
ultrasonic technology, industrial measurement technology, Embedded Internet Systems 
EMC-technology, signal analysis, artificial neuron networks, optoelectronics for 
measurement technology applications (e.g. robot navigation, inteferometry) 
 
 
Stockholm 
KTH, Royal University of Technology  
Prof. Göran Stemme, stemme@s3.kth.se 
Hans Sohlström, hans.sohlstrom@s3.kth.se 
 
S3, "Signals, sensors and systems" 
 
Research areas 
• Microsensors in silicon 
• MEMS (MicroElectroMechanical Systems) 
• Pumps and valves 
• µTAS (µTotal Analysis Systems) 
• MOEMS (MicroOptoElectroMechanical Systems) 
 
KTH – Campus, Semiconductor laboratroy KTH – HLB in Kista 
 
Project examples: 
• Miniaturised pressure sensor 
• Walking micro-robot 
• anemometer 
• Flow sensor with wing 
• Resonant sensor 

bonding silicon – glass 
• Pumps and flow system 
• Biochemical lab in microformat 

µTAS 
• Integrated gas analysis in silicon 
• Microoptical switch 
 



29 
 
 
 

Västerås 
Mälardalens University College, 
Institution of Electrotechnology 
Box 883, 721 23 Västerås 
Ylva Bäcklund, tel. 021-101302, mobile: 0704-250403, epost: ylva.backlund@mdh.se 
 
Short description of research at the Institution for Electronics at Mälardalens 
University College in Västerås 
Head of research, Professor Ylva Bäcklund 
Research groups: 
• Signal- and control technology (Docent Lennart Harnefors) 

2 senior researchers, one in control technology and one in image processing 
3 graduate students in areas such as digital filters and high-voltage control  

• Sensor systems (Prof. Ylva Bäcklund) 
5 senior researcher in medical technology and in microsensors  
2 graduate students in medical technology 

 
We have recently been granted support from KKS for the establishment of a so-
called research platform in the area of ”Sensorsystems”. Below follows a very short 
description of the contents of the platform:  
 
As an technological area, sensor systems is cross-disciplinary and spans a wide field – 
from component physics and surface chemistry through microelectronics, 
micromechanics and electronics construction to signal processing and control technology. 
Modern sensors are described sometimes in terms of smart sensors, intelligent control 
systems and embedded systems, i.e. apparently simple products with hidden electronic 
inteliigence. A sensor system can include sensors which are sensitive ot the same kind of 
quantity but can even mix several different sensors (temperature, pressure, chemical 
substances etc). Not only electronic functions are integrated today with sensors, but also 
actuators and “communicators”.  
 
Part of sensor system technology covers micro-sensors, that is sensors or sensor systems 
whose physical size is smaller than traditional transducers. Examples of areas of 
applications of micro-sensors are security systems for cars, patient monitoring, 
monitoring of smart houses and in industrial environments, contactless and indirect 
measurement in harsh environments as well as wireless communcation between 
apparatus, for example in the home.  
 
The strategy of our research is to be problem- and applications oriented, whihc means in 
turn that projects are run i close collaboration with industry and stakeholders. The 
research thereby achieves the necessary focus to reach a high scientific level while being 
useful at the same time. Our research in MST will have an emphasis on intelligent sensor 
systems. We will focus specially on the following profile areas:  

I Sensor systems for medicinal and environmental measurement technology  
II Sensors for measurement in ”difficult” environments 
 

I Sensor systems for medicinal and environmental measurement technology 
 
Sub-project 1: Sensor system for contactless respiration monitoring. Projectleader: Bertil 
Hök, resource personnel: Ylva Bäcklund and Lennart Harnefors. 
The project aims to develop and evaluate a complete sensor system for contactless 
registering of respiration, based on a new CO2-sensor. 
 
Sub-project 2: Portable measurement system for environmental measurements in the third 
world. Project leader: Mannan Mridha, resource personnel: Ylva Bäcklund and Bertil 
Hök 
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The project aims to develop portable sensors for the monitoring of water and air 
pollution, especially considering the problems of the third world.   
 
 
II Sensors for measurement in ”difficult” environments 
 
Sub-project 3: Optical sensor system for measurement of high E-fields. Project leader: 
Ylva Bäcklund, resource personnel: Bertil Hök and Håkan Johansson (Thermo Optics AB 
in Västerås). 
The aim of the project is to develop and evaluate a sensor system of optical microsensors 
to be used in the measurement of high E-fields. 
 
Sub-project 4: Position transducer based on GMR (Giant Magneto Resistance). Project 
leader: Mikael Ekström, resource personnel: Ylva Bäcklund and Roger Wäppling 
(Institution of Physics at Uppsala). 
The aim of the project is to develop a contactless position transducer where the sensor is 
made of a so-called GMR - material. 
 
 
 
Örebro 
Örebro universitet, 701 82 Örebro, prof Peter Wide, e-mail: peter.wide@ton.oru.se; 
http://www.oru.se/forsk/aass  
 
Applied Autonomic Sensor systems, Institution for technology and science 
sensors and measurement technology, mobile robots, intelligent control technology 
artificial sensing: vision systems, auditory systems, electronic noses, electronic tongue, 
chew-resistance etc.  
 
Examples of projects: 
• Autonomous robot navigation in an unstructured, realistic environment thorugh a 

combination of uncertainty treatment,  ”fuzzy” control and realtime decision making  
• Perception-based control systems 
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Project group - continuation 
 
Research institutes 
 
ACREO AB 
 
Electrum 236 
Visits: Isafjordsgatan 22 
SE-164 40 Kista 
SWEDEN 
Tel: +46 (0)8-632 77 24 
Fax: +46 (0)8-632 77 10 
 

Deputy managing director at ACREO, Prof Magnus Breidne, 
magnus.breidne@acreo.se 

project participant: Leif Nyholm 

ACREO "refines and disseminates research results to industrial products and 
processes in electronics and optics", owned of the Industry group IRECO, 125 
employees, Budget (1999) 125 MSEK, Industrial commissions c:a 50% 

ACREO’s activities in sensors and measurement technology 

ACREO has long experience in the development of sensors and measurement 
technology over a broad technological range. With public financing (Nutek, EU, 
KKS) and together with industrial partners we have performed successful 
development projects in the following areas:  

• optical, especially fibre optic sensors 

• micromechanical sensors 

• microwave sensors 

• sensors in silicon carbide 

Amongst these projects are many examples where technical development has gone 
over to product development and commercial manufacture.  

Besides technical development, ACREO participates in an EU network - FOS-EN, 
Fibre Optic Sensor European Network, from which we can learn during the 
planning of the present network.  

Comparison with FOS-EN [http://fibre.fos-en.net/] 

Europe has traditionally had a strong position in fibre optic sensors. Because of 
the multi-sector structure of the market, a considerable fragmentation has 
occurred. FOS-EN, a European network in the area has as aim to create a cross-
fertilisation of ideas and needs of industry and researchers, thereby creating new 
innovations in the area.  

In addition, the amount of information in the fibre sensor area is so large that it is 
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difficult for one organisation to have a comprehensive knowledge of all parts. 

The aims of FOS-EN are:  

• To create an environment where new and practical collaboration 
between technology and research will produce competitive 
products. This will in turn lead to new companies, new projects and 
more jobs.  

• To promote an environment for corporation between users, 
technologists and manufacturers which would lead to the marriage 
of the technology and the applications.  

• To promote an environment where different companies working 
in complementary skills can co-operate to produce competitive and 
higher specification products.  

• To provide a platform for the manufacturers to access the new 
technologies and new ideas.  

• To create more funding for the university/research institutes by 
providing means to exploit their new ideas/techniques to the 
industry.  

• To provide a means for dissemination of the results and new 
products announcement to wider audience around the globe.  

• To provide the opportunity to transfer technology and experience 
to the other thematic networks.  

• To provide the opportunity to enhance the trade within and 
outside of Europe by an improved awareness and the possibility to 
influence in drafting the codes and standards. 

FOS-EN is steered by a board with ten representatives from participants in the 
network and the technical work is divided into the areas:  

• Optical Fibre Sensors for Safety, Integrity and Maintenance 
(SIM) 

• Medical and Environmental Sensors (MES) 

• Optical Fibre Sensors for Process Control (OPC) 
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Swedish Defence Research Institute, FOA 

Department for Sensor Technology 

Head: Svante Ödman 

Olof Lundén, tel: 013 - 37 83 52 

FOA 

Box 1165 

SE-581 11 Linköping 

+46 (0)13-37 81 00, fax: +46 (0)13-37 81 00 

http://www.foa.se 

FOA Department for Sensor Technology includes institutions for 

• Electromagnetic and optical materials 

• Laser systems 

• IR-systems 

• Micrrowave technology 

• Surveillance radar 

• Radar sensors 

circa 150 employees, amongst which 35 senior researchers 

and is mainly directed towards sensor applications and questions concerning 
protection of sensors. Interest in the proposed network is in the first case to 
present the existing competence profile in order to constitute an interesting partner 
for collaboration.  

  

Institute for Microelectronics in Göteborg (IMEGO) 

Bill Brox, e-mail: bill.brox@imego.com 

Dag Winkler, e-mail: Dag.Winkler@imego.com 

IMEGO 

Building 11 

Aschebergsgatan 46, SE-411 33 Göteborg 

http://www.imego.com 

IMEGO is a national resource with the aim: 
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"To complement existing scientific (research) and educational structures" 

"To encourage and develop the integration of microelectronics and 
micromechanics as a system both for Sweden and for our customers " 

• Direct commissions: Contracts with Swedish industry concerning 
sensor applications and microsystems  

• SME-programme: Support to small and medium-sized enterprises 
in the implementation of sensors or microsystems in their products 

• Links: Linking university research with Swedish and 
international industry  

• Technology transfer: Books: "Microtechnology: threat or 
possibility?", "Handbook on the use and manufacture of sensors", 
seminars and workshops 

The Department of Education has given 100 MSEK for investment. The aim is to 
have a turn-over of 60 MSEK and 60 employees, year 2003,  

60% external commissions in the area of sensors or microsystems 

30% applied R&D about sensors or microsystems  

10% fundamental research about new materials and technologies for sensors or 
microsystems  

In the development chain for sensors or microsystems: 

technological level of preparedness is 40% research and demonstration of 
principle; 60% demonstrators and prototype development (no facilities for 
production). 
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SP Swedish National Testing & Research Institute, 

Box 857 

501 15 BORÅS 

SP,  

Technical Director: Prof Hans Andersson 

Dr Leslie Pendrill (Project coordinator) 

033-165444, fax: 033-106973 

http://www.sp.se 

At SP, which responsibility for the national measurement standards (SI 
quantities), one may find amongst others the most accurate resources for the 
measurement of the fundamental characteristics of most physical quantities. The 
special measurement technology and competence which is developed in 
connection with the establishment of the national standards can be used even in 
other applications such as sensors. SP can also offer various tests (EMC, 
environmental etc) and analyses as well as the certification of measuring 
instruments and sensors.  

Circa 500 employees,  

SP's three areas of strength are:  

1) Good at the physics which forms the basis of metrology and has a broad 
knowledge of material properties and chemistry. This competence can be used 
when participating in projects concerning the development of sensors.  

2) A wide range of contacts and active collaboration with companies in various 
sectors (energy, chemical processing, timber, electronics, automobiles and other 
vehicles, medical technology etc). SP is therefore good at identifying needs as 
well as defining and coordinating projects. SP can even assist in connecting 
sensors in a measurement chain to a process.  

3) Within metrology SP can evaluate and determine the characteristics of products 
and measurement chains as they are developed.  

One example is the division of Chemistry and Material Technology, with 60 
employees including 15 senior researchers and 4 graduate students in analytical 
chemistry, organic and inorganic chemistry, atmospheric chemistry, physical 
chemistry. surface physics and materials physics. 

Relevant areas of competence are the analysis of surfaces (ToF-SIMS, FT-IR, 
SEM); trace-element analysis (ICP-MS); accelerated ageing under controlled 
environments (estimation of functional lifetime); chemical metrology; networks 
with potential applications (e.g. building, indoor climate, manufacturing, process 
industry, medical technology). A sensor project in progress concerns direct 
methods of demonstrating chemical decomposition and emissions (amongst others 
odorous substances) from building materials - evaluation of technology and 
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practical applications of sensors. Within other R&D projects, competence is being 
built up of relevance for chemical sensors and biosensors.  
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Project group - continuation 

  

Sensor makers and industrial users 

Gothenburg 

Samba Sensors AB, 

Dr Svante Höjer, Samba Sensors AB, Första Långgatan 26, 413 28 Göteborg, tel: 
+46 (0)31 - 7049160  

mailto: svante@samba.se 

Pressure sensors based on fibre optic measurement and silicon micronics, with a 
wide range of applications (vehicles, process industry, medicine and power plants 
etc)  

Ericsson Generic Technologies 

Gunnar Edvall, Gunnar.Edwall@era.ericsson.se 

A vision "Always connected" 

through a global telecommunications system  

("Mankind's greatest machine") 

• For all kinds of services and decision-support 

• Wherever 

• Irrespective of with whom or what (not only voice) one wishes to 
communicate 

Conversational products 
"Microelectronics can be found in all products and systems" 
Communication is an integral part of all products. 
  

  

Linköping 

Nordic Sensor Technologies AB  

Teknikringen 6  

583 30 Linköping 

info@nordicsensor.se 

http://www.nordicsensor.se  
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Andreas Bunge 

mobile: 0708/242525 

fax: 08/663 5725 

epost: andreas.bunge@nordicsensor.se 

Nordic Sensor Technologies AB develops the Electronic Nose for quality control, 
process control, environmental analysis and medical diagnosis. The instrument is 
able to identify, classify and also quantify odours and gaseous emissions.  

  

Trollhättan 

Volvo Aero Corporation 

Per Henriksson 

epost: Per.Henrikson@volvo.com 

Volvo Aero Corporation (VAC) is a fully-owned subsidiary of AB Volvo. 

VAC develops, manufactures and maintains aviation engines and components to 
civil and military aircraft. VAC develops and maintains even gas turbines and 
propulsion and power generation as well as developing and manufacturing engine 
components to European Ariane rockets. 

Through increased use of sensors and measurement technology in production and 
manufacturing, opportunities are created for increased automation and a more 
robust production.  

By integrating different kinds of sensor and measurement technology for control, 
measurement and quality assurance in the manufacturing process, a trend towards 
making products process safe during actual manufacturing. This can be achieved 
for instance via indirect/direct measurements with sensors of process and 
manufacturing parameters. 

With distributed measurement and sensor systems, control and monitoring of 
processes can be made over networks, with access to process and manufacturing 
relevant information provided on-line. In this way as well as through the use of 
information technology, a common platform for information exchange and 
possibilities for a better integration of methods, tools and systems are created.  
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Västerås 

ABB Corporate Research, 

Mikael Bergkvist, epost: mikael.bergkvist@secrc.abb.se 

ABB Corporate Research 

72178 Västerås 

Phone: +46-21-32 30 00 

Fax: +46-21-32 32 12 

http://www.abb.com/secrc/ 

  

Society of Swedish Instrument Technology,  

tel: 08-444 14 13, fax: 08-444 14 30, epost: itf@sekom.se 

http://www.sweetnet.org 

ordf. Jerker Delsing 

  



40 
 
 
 

Appendix 6  Foresight on sensors 
 
In a national project ”Technology Foresight” the purpose has been to create insight and 
visions about technological development in the long term (10-20 year) in order to indicate 
appropriate directions for education, research and development  which can contribute to 
the nation’s development. The project has been sponsored by the Royal Academy of 
Engineering Science, Industry and Technology Development Agency, Board for 
Strategic Research and Industry Confederation and has been performed in close 
collaboration with the government, companies, authorities and other interested parties. 
For further information about the project, panels methods etc, please consult the 
homepage http://www.tekniskframsyn.nu 
 
The aim of Technology Foresight is to:  
• strenghten future work in companies and organisations  
• identify areas of competence with potential for growth and innovation in Sweden  
• create material for setting priorities in areas of national compentence development  
 
Visions for the future to do with sensors are for example: 
 
PANEL 4: PRODUCTION SYSTEMS 
Report 2000-01-18 
 
Technology gives new possibilities 
 
Microelectronics, data- and information technology and telecommunications, as well as 
biotechnology and new sensors and materials give completely new products and change 
manufacturing fundamentally. Amongst important lines of development may be found: 
 
• Products are given increased knowledge content, in the form of e.g computer capacity 

and programs which increase functionality of mechanics 
• Microelectronic, miniaturisation of mechanical componenets, chemical and 

biotechnology create favorable conditions for new sensors, for increased performance 
and new technical solutions in products and manufacturing processes. Systems are 
made more robust, durable and realiable. 

 
Panel 5: Information- and communication systems 
2000-01-11 
 
Within the key area ”Continuously in contact”, sensors and so-called inbedded systems 
are identified as important parts in telematics, that is where machines and apparatus can 
communicate with people and with each other. Amongst technological challenges are to 
find good solutions for interoperability and confuguring as well as to reduce costs for the 
technology, for instance through the development of better and less expensive sensors. 
Even software needs development in order to manage sensors in applications such as the 
intelligent home, or in vehicle communication, for transfer of sensor and postioning 
data for example.  
 
Sensors are also an essential part of the future ”digital assistant”, the man/machine 
interface and robots and autonomic systems.  ”A great challenge is improved technology 
for collection of information about the state and events in the physical world. Here 
significant improvements must be made in the area of sensors.” 
 
Where the technological and biological worlds meet, ”biosensors, that is, sensors 
containing a biological component, are already developed” with electronic noses already 
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commercially available. Biosensors can be considered as the analytical instruments of the 
future.Health test will be able to be made in the home. ”Sensors can be used to make a 
smell camera, so that mobile  telephones could read smells and transmit to another place 
for analysis”. 
 
 
Panel 6: Material and the flow of material in society 
 
The knowledgeable product 
 
Its becoming ever more important to be able to control the properties of material so that a 
correct lifetime can be guarenteed. This means that subjects such as process technology, 
durability technology, measurement technology and sensor technology will become 
priorities and material will be adapted to special funcions.  
 
An identified area needed is to ”Have good health through life”, where development of 
biosensors and actuators give great potential both for diagnosis and in vivo control of 
functions of implanted components, included programmed medicine administration. 
 
Another area is ”In contact with the world…on our conditions” is proposed to be met 
by: 
 
• ”Research on sensors, user-friendly input/output and man-machine interface 
 
For the development of the man/machine and machine/machine interfaces, new kinds of 
sensors are essential. Sensors are based to a large extent on the physical phenomena of 
materials. It is important here that the sensors can act as information society’s antenna to 
the surroundings and they are an integrated part of the system. Amongst classes of 
material are optical materials of special interest since these may possibly permit the 
avoidance of electrooptic signal transformation.  
 
 
The panel encourages one to ”focus on in-depth material knowledge 
 
⇒Support research on intelligent materials and sensor technology 
 
There are great possibilities of combining modern semiconductor technology with 
material technology – e.g. for functionality, service, control, security etc. By building in 
chips in material and products can new functions – and new needs – thereby be offered. 
For this area is sensor technology important.” 
 
Communication – information for vehicles 
Vehicles can be easity equipped with modern informations- and communication 
technology. More heavily trafficed roads can be equipped with sensors for the monitoring 
of vehicle traffic in order to re-route flows of traffic when accessibility problems arise. 
Utility vehicles will be equipped with a large number of new kinds of sensor for the most 
important vehicle subsystems for monitoring of the state of operation of the vehicle.  
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BIOLOGICAL NATURAL RESOURCES 
 
The panel has left a clear motivation for sensor and measurement technology 
development, in particular for a development towards a better and comprehensive use of 
the biological natural resources and a more efficient national forest, farming, food and 
animal production.  
 
”- Identify the development of sensors as a national interest  
- Support to cooperation between universities, industrial research institutes and industry 
- Establish communications standards for sensors and other systems 
- Create knowledge centres in the area of measurement and sensor technology 
 
Strategy and actions 
Sweden should develop sensor rich system for the optimisation of production and 
refinement of goods and services.  
 
Concentrate research to a number of critical areas of need 
A key to advances is to understand the need of the application and through measurement 
develop knowledge about it. This gives a base to exploit the potential that lies in both 
being able to measure and thereby be able to control earlier and subsequent process steps.  
 
For a successful needs-related sensor development, it is required to have an adequate 
application to the environment in which the sensor will measure. This has in many cases 
been shown to be the wholely deciding factor for success. In this area, Sweden has a 
considerable tradition both through various research groups activities and in certain 
commercial companies.   
 
A successful introduction of new sensor-rich systems also needs amongst others that they 
have robust, verified high performance reliability in real, usually very tough environment 
and that profitability potential in complicating the process equipment can be 
demonstrated.  
 
• Identify the development of sensors as a national interest 
 
In many cases, the final user, researcher, sensor developer or supplier (including system 
deliverer of knowledge about sensor use) will not be prepared to pay for development at 
the high levels of risk associated with the early stages of application.  It is therefore 
decisive that this development is identified as a national interest and that it is given the 
support that is needed to reach a successful application. If we as a nation are prepared to 
do this, then there are good opportunities that sensors will become a key area in the 
decades to come.  
 
• Support cooperation between universities, industrial research and industry 
Development work in this area often demands a multidisciplinary approach.  
 
For sensor to bloom out as a key area requires that measurement-oriented networks be 
more stimulated than earlier  A structure for collaboration between university, industry 
research and industry should be able to give strength an a backbone to these networks.  
 
• Develop communication standards for sensors and other systems 
There is needed even intensified work with standardisation of communication both within 
and between various machines and systems.  
 
• Create knowledge centres for sensor technology 
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One task would be to create knowledge centres for the development of sensor systems. 
Sensor systems are above all multidisciplinary. Connections must therefore exist for 
example with IT- and system developers, material science, machine designers etc.” 
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Services of the Future, panel 7 
 
””Intelligent” homes 
Household machines communicate electronically and with wireless with each other. 
Many goods contain microchips with specifications of price, contents, delivery date, 
place of delivery, weight, durability etc. Other goods are marked with inexpensive 
“stamps” where the intelligence lies in databases. It is the chip, or “stamp” in for example 
a pair of jeans which ensures that the washing machine washes at the right temperature 
and the refridgerator tells when the milk is past its best and should be thrown away, as 
well as informing that new milk will arrive at 5.30 pm.  
 
My home is my hospital 
Technology has made possible active health monitoring through different kinds of self-
diagnostic tests. Many make their own diagnoses. Automatic medical control has become 
more usual with sensors which can be swallowed and that are connected to various alarm 
and doctor databases.”  
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