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Abstract

WAVE was a €1.5 million European research project supported by the European Commission and operated by a consortium of 11 partners from 10 countries. The project succeeded in improving the accuracy of WIM systems through the development of improved multiple-sensor and Bridge WIM systems. Common data structures and a quality assurance system were developed for WIM data and a new fibre-optic WIM sensor was developed. Field trials of WIM systems were carried out in harsh climates. This paper reviews the results of WAVE, their dissemination, and describes the developments that have taken place in Europe since its completion.
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Résumé

Le projet WAVE soutenu par la Commission Européenne a réuni 11 partenaires de 10 pays, avec un budget total de 1,5 M€. Il a été très fructueux et permis d'améliorer la précision des systèmes de pesage en marche, notamment multicapteurs et par ponts instrumentés. Des formats de données harmonisés et un système d'assurance qualité ont été développés, tandis qu'un nouveau système de pesage par fibre optique était mis au point. Des essais ont été réalisés en climats froids. L'article rappelle les principaux résultats du projet et leur diffusion et décrit les retombées et développements qui ont suivi en Europe.

Mots-clés: Pesage en marche, WAVE, précision, durabilité, projet de recherche.


Origins of the project

In Europe, as in most developed countries, the great majority of freight transportation (app. 75%) is made by road. A rapid increase in road traffic and a major expansion in the number and size of heavy goods vehicles has occurred on European roads in recent years. Further, there is significant pressure from freight companies to increase truck weights and dimensions. It is of particular concern that such heavy vehicles are aggressive for bridges and pavements and that a significant number of trucks are illegally overloaded. The overloaded vehicles introduce a distortion into the competition between transport modes and companies. Weigh-in-Motion (WIM) technologies can be used in the enforcement process to reduce the numbers of overloaded vehicles. An additional emerging demand for weight data results from road pricing, as more and more countries are privatising either the main highways or their operation and maintenance. 

It is therefore essential for road authorities to have at their disposal up to date and on-line measurements of axle and vehicle weights in order to: (a) improve knowledge of traffic for economic surveys, statistics and management, (b) collect reliable baseline data to support pavement and bridge design and maintenance, (c) provide accurate pre-screening and enforcement of overloaded vehicles to ensure road safety and fair competition in transport, and (d) provide the information necessary for a harmonised taxation system.

A shared cost action, COST 323, operated from 1993 to 1998 within the framework of the European COST-Transport programme (Co-Operation in Science and Technology) to facilitate co-operation and the sharing of experience on WIM between member countries. This very productive action delivered a state-of-the-art report on the development of WIM networks and systems throughout Europe and their applications, a 10 language glossary of WIM terms, a European Specification for WIM (COST 323, 1999), a comprehensive database  of European WIM sites with some statistical data, and reports of  large scale WIM system tests, organised at a European level. The final report of this action is now published (COST323, 2002).

During the COST 323 action, it emerged that more advanced research on WIM was necessary to fulfil the latest requirements of road managers and decision makers. Thus, a proposal for a large research project, ‘WAVE’ (Weigh in motion of Axles and Vehicles for Europe) was submitted in March 1995 to the European Commission by a consortium of 11 partners from 10 countries, within the 4th Framework Programme. The project began in September 1996 and lasted until June 1999.

1. Overview of the WAVE project

2.1 Partnership and Objectives

The eleven participants in the WAVE project are listed in Table 1. The objective was to effect a significant step forward, for those responsible for road networks, through the following actions:

· improve the accuracy of road sensor WIM systems in their estimates of static loads from the measurements of dynamic impact forces, through the use of arrays of sensors (multiple sensor, MS-WIM), to allow for the dynamic interaction between vehicle and pavement, 

· develop and improve the functioning and accuracy of Bridge (B-)WIM systems through more sophisticated vehicle/bridge interaction modelling and data processing, extend B-WIM to a wider range of bridge types and develop systems that require no sensor on the road surface,

	Contractors

1. Laboratoire Central des Ponts et Chaussées - LCPC - (FR), as co-ordinator

2. Cambridge University Engineering Department - CUED - (UK)

3. Trinity College Dublin - TCD - (IE)

4. Road and Hydraulic Engineering Division - DWW - (NL)

5. Alcatel - ALCO(Alcatel Saintes - (FR)

6. Swedish National Road Administration - SNRA - (SE)
	Associate Contractors 
7. Belgium Road Research Centre - BRRC - (BE)

8. Technische Universitaet Muenchen - TUM - (DE)

9. Technical Research Centre of Finland - VTT - (FI)

10. Swiss Federal Institute of Technology - ETH - (CH),

11. Slovenian National Building and Civil Engineering Institute - ZAG - (SI)




Table 1 – Participants in WAVE project 

· develop common data structures, formats and quality assurance procedures, to facilitate the exchange and comparison of reliable WIM data throughout Europe, 

· implement field tests of WIM systems in cold regions where pavements are weaker during the thaw and sensors are susceptible to studded tyres and de-icing salt, in order to assess their durability and performance,

· improve calibration methods and procedures, to account for vehicle dynamic behaviour and inter-axle load transfer at speed,

· develop a new WIM technology, based on an innovative mono-mode fibre optic sensor, which has great potential in terms of the quality and extent of information provided.

The different research axes were addressed in Work Packages (WP's) 1.1, 1.2, 2, 3.1, 3.2 and 4.

2.2 Means 

More than 15 senior scientists and engineers, 25 Ph.D. students, and many technicians were involved in WAVE. The total time spent on the project was nearly 30,000 person-hours, i.e., 20 full time person-years. A total budget of €1.5 million was allocated to this project, of which €0.75 million

	Budget breakdown
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Figure 1 - WAVE budget by WP and type of cost and breakdown of the work volume 

was provided by the European Commission. Figure 1 gives breakdowns of this budget for each WP and of the work volume by partner and WP. The personnel cost represents 69% of the total budget. 

Several large testing facilities and bridge or road test sites were used in WAVE. Two road sections were instrumented with multiple-sensor arrays, for testing MS-WIM systems. For the calibration of these arrays, instrumented trucks and pre-weighed trucks were used. Several bridges of different type were instrumented.

2. Technical output and main results

The detailed results of the project are presented in the final report (WAVE, 2001), in the 5 WP reports (WAVE, 2001a to f), and in the Final Symposium proceedings (Jacob, 1999).

3.1  Improved accuracy of WIM systems for new applications (WP 1.1 and 3.2)

A fundamental limitation in the performance of WIM systems is imposed by the dynamic tyre forces due to vehicle-pavement interaction. The aim of WP1.1 was to develop new algorithms for Multiple-Sensor Weigh-in-Motion (MS-WIM) that remove the dynamic component and hence improve the accuracy of weight estimates. Since cost is also an important issue for future implementation of MS-WIM systems, it is necessary to search for a design which balances the requirements of accuracy with the number of sensors needed. 

Two theoretical studies were undertaken on MS-WIM: one in the UK (CUED) and one in France (LCPC). The work involved the development of analysis methods and algorithms for processing the outputs of MS–WIM sensors; as well as simulation studies to test the methods. Two new algorithms for estimating the static weight from WIM measurements were developed:

(i) a deterministic "signal reconstruction" algorithm, developed by LCPC, is based on a simplified modelling of heavy vehicles and uses mathematical signal processing tools (e.g. Kalman filtering) for a signal reconstruction (SR);

(ii) a probabilistic approach was developed by CUED, based on a Maximum Likelihood (ML) estimation. It fits one or two sine waves to the measured dynamic tyre forces to produce an unbiased estimate of the mean value. 

Experimentation was carried out on different MS-WIM arrays: at Metz and Trappes in France and Abingdon in the UK. Both approaches were implemented and compared to the sample mean (SM) method. With simulated or theoretical impact forces, the SR method was proven to be very accurate and to give a gross weight estimation within ( 2% of the static weights. Under the same conditions, the ML method with two sine waves also gave a much better accuracy than the SM method. However, because of the sensor noise and some difficulties in the field tests with the site data, the newly developed algorithms are not yet proven for great increases in accuracy. Nevertheless, promising results are expected, particularly if the individual sensor performance can be increased.

Work Package 3.2 of the WAVE project concerned methods of calibration which are fundamental to the accuracy of a WIM system. Any WIM system must be calibrated before being used, and recalibrated at periodic intervals, in order to remove bias. However, calibration results are sensitive to external parameters (climate, road conditions, traffic conditions, etc.). Moreover, the calibration cannot be done according to any metrological requirement, because there is no metrological definition of an axle/wheel weight. Such weights are not traceable quantities because the measurements cannot be checked using standard masses. The factors affecting the accuracy of a WIM system are outlined in the WAVE report. Using an instrumented vehicle as a calibration tool and linking in with an analysis of the experimentation, a procedure for calibration by axle rank was proposed. An extensive analysis of the existing calibration methods for each type of WIM sensor was also conducted.

The main findings of WP3.2 were: 

(i) a WIM system should be periodically recalibrated, especially after any system modification or change in the road or traffic conditions. If the range of temperatures at the site is great, calibration checks are required for each season; 

(ii) fully loaded and half-loaded trucks, equipped with air suspensions, are mainly recommended for calibration; 

(iii) instrumented vehicles must have extensive and appropriate instrumentation and be in a good state to provide suitable results for calibration; the cost of a vehicle instrumentation and dynamic calibration is high, but perhaps not excessively so if the vehicle is used for a range of applications; 

(iv) calibration by axle rank provided promising results. Systematic biases were found for many WIM systems at various sites. These biases depend on the axle rank, and were partially explained by the dynamics of the vehicles and the sensor behaviour. A calibration by axle rank can remove or reduce these biases, and thus improve the WIM system accuracy for static weights and load estimation.

3.2  Improving durability of WIM systems in cold climates (WP 3.1)

Some manufactured and prototype WIM systems were tested under harsh climatic conditions. These tests were carried out in the Cold Environment Test programme (CET) in Luleå in northern Sweden with additional tests in the Swiss Alps on the St Gotthard and San Bernardino roads. The performance and durability of various types of sensor and technology were evaluated in such conditions. The detailed results of the CET and its follow-up are presented by Jehaes and Hallström (2002). A brief summary is given below.

All WIM systems survived over the winter. A prototype system using a large instrumented composite structure laid in a hole dug in the pavement and developed by Omni Weights Control (FI), had rather poor results (classes E(70) to E(30) according to the European Specification of WIM), but improved slightly during the test. A traditional bending plate system by PAT had a large proportion of outliers in the data, because of vehicles passing partially outside the relatively narrow weigh pads. It was quite sensitive to temperature over the first year, but the manufacturer improved the system afterwards. The accuracy varied between C(15) and E(30) depending on the season, and was better in the second year. A combined system by Kistler and Golden River, using a pair of piezoquartz sensors and a Marksmann 660 data acquisition and processing system, was quite stable through the first year. This system met accuracy class C(15) although its accuracy declined in the second year. A system proposed by Data Instruments (NO), using a pair of nude (3 mm piezoceramic cables, did not work properly. Its accuracy fell monthly, from E(45) to E(65). This was partially explained by the automatic self-calibration, which was greatly affected by the trucks passing partially outside the traffic lane. A B-WIM system was installed close to the other systems, and its accuracy was found initially to be in class C(15) and later, after adjustment of the data acquisition system, to be in class B(10). 

In Switzerland, two capacitive strip sensor systems by Golden River and two bending plate systems by PAT were tested in Alpine roads, at an altitude of over 650 m. The Golden River capacitive sensors met accuracy class C(15) in one direction and E(30) in the other. Both systems failed during the test. They were replaced with piezoquartz sensors by Kistler, which met accuracy class C(15) in one direction and D+(20) in the other. The PAT system was in class C(15).

3.3  New technologies (WP 1.2 and WP 4)

Two new WIM technologies were developed: Bridge-WIM systems (WP1.2) and fibre optic sensors (WP4).

B-WIM systems were improved by increasing the accuracy of results, extending their applicability to a wide range of bridge types and developing systems that can be readily installed without specialist bridge expertise. The method was extended to short concrete slabs, box culverts, integral construction, long-span bridges, including box girders and orthotropic decks. A new approach was developed for orthotropic steel deck bridges that requires no axle detector on the road surface. Subsequently, this concept of "FAD" (Free of Axle Detector) B-WIM was extended to other types of bridge. 

As the whole length of the span is used for weighing, B-WIM systems should provide accurate results, but there are potential problems with characterising the bridge response to load (finding the influence line), measurement of vehicle velocity, vehicle-bridge dynamics and calibration. These problems were shown to be readily surmountable and high accuracy was achieved in B-WIM systems with outstanding durability. Further, great progress was made with the development of automatic calibration procedures that require no knowledge of the structural behaviour of the bridge.

The dynamics of the truck crossing event was studied using finite element methods, validated by on-site tests on the Belleville composite bridge (FR). A FAD optimisation algorithm was developed and tested on the orthotropic Autreville bridge (FR). In this system, the velocity, number of axles and axle spacings are all determined from the strain gauges underneath the bridge. This algorithm was then extended and adapted to other types of bridge and implemented on bridges in Slovenia. A new WIM program, SiWIM©, was developed by ZAG for use with any type of bridge. 

Another theoretical approach to B-WIM was to use multiple sensor locations longitudinally on the bridge, modelled using a static algorithm. The "multiple section" system was shown to be more accurate (by one to two accuracy classes)  than the conventional B-WIM system.

A combined Bridge and Pavement WIM system, which uses additional information obtained from the pavement sensors in the form of estimates of instantaneous dynamic axle weights, is quite insensitive to minor errors in the input data. The algorithm was theoretically examined by generating simulated dynamic axle forces for the pavement system and bending moment influence responses for the B-WIM system. Theoretical testing showed that the combined algorithm could reach class B+(7) when systems individually gave class B(10).

Alternative algorithms based on modelling the dynamic behaviour of the bridge-truck system were developed, using a spectral approach and a dynamic multiple-sensor algorithm. This method is based on the accurate determination of the theoretical strain response due to a constant moving load at different bridge locations. The dynamic adjustment is much closer to the measured strain than the static adjustment. A dynamic bridge WIM algorithm (DB-WIM) based on one sensor location was also developed. The difference from the conventional approach is the use of the dynamic response due to a unit load instead of the influence line.  Taking into account the influence of dynamics is interesting but is most relevant for medium to long-span bridges, about 10% of the bridge stock.

Several tests were carried out in France, Slovenia, Sweden and Germany on various types of bridge. The accuracy was generally between C(15) and B(10) when the newly developed algorithms were used.

The feasibility of using single mode optical fibre as the sensitive element for sensing and the interferometry principle was assessed by LCPC and Alcatel in the early 1990's. In WAVE, a suitable fibre optic WIM strip sensor was designed and a suitable optoelectronic system developed, e.g., the optoelectronic head, as well as the required software. Laboratory tests were performed to assess the sensor performance; they showed an excellent homogeneity of the sensor response. A prototype system with two parallel 3.7 m optical sensors and an additional 1.5 m sensor was tested on a parking lot with a van and a few cars. This experiment was also used to test the acquisition system and to develop the processing software. The resolution of 30N, independent of the load, corresponds to a quarter of a fringe. Such a resolution is obtained thanks to an extreme sensor sensitivity and suitable signal processing. For a car wheel, the absolute error is ( 300N, a very low value. Combining the static weight error and the absolute error on site, a fairly good relative accuracy for heavy wheels and axles can be expected. For these loads, the accuracy becomes better than 5 %. The chosen mean loads were similar to a force induced by a heavy truck wheel. 

This type of optical fibre WIM sensor provides a good metrological accuracy and a low temperature dependency. Furthermore, optical WIM systems can operate both statically and at high speed. It also has an electromagnetic immunity, that means that sensors and cables may be laid near high voltage wires and live railway tracks. The system is as easy to install as any other WIM strip sensor system. Moreover, electric power is not necessary along the roadway and the distance between the sensors and the optoelectronic head can be up to 2 km. Data processing can be performed in real time. Finally, fibre optic systems are suitable for connection with an optical bus and a network.

The signal processing methods for the fibre optic WIM system are still being developed. That will allow more information to be provided as a result of a greater wealth of information in the signal, such as: tyre pressure and width, vehicle accelerations and dynamics, suspension characteristics, etc.. 

3.4  Data management and quality (WP 2 and general input from all packages)

An increasing demand for WIM data in Europe makes the exchangeability of these data between different countries and systems an important issue. Thus, an important objective of WAVE was to transform the available data into a common European format. Due to the various measuring methods and site characteristics, there was a need for quality indices to qualify and classify the submitted WIM data. A whole Quality Assurance (QA-) system was developed. The background and the procedures enable a European WIM database and QA system to be implemented after the conclusion of the project, when decisions are taken by the users and decision makers.

The aim of the QA-system is to provide the user with information on the quality of the stored data. There are different issues such as evaluating the consistency of the information (coherence tests), or the accuracy of the measurements. Quality parameters were proposed as indicators based on information about the weighing equipment, the pavement conditions and other parameters. The quality of WIM information is affected by site and environmental factors, such as climate, road curvature, transverse slope, longitudinal slope and distance to last junction, type of pavement, deflection, longitudinal evenness and transverse evenness. These influence of these factors is considered.

As there is currently no scientific basis on which to quantify these quality parameters, an alternative procedure is proposed as an interim measure which uses the opinion of experts. The European database of WIM contains two main levels: site data and statistical traffic load data. Logical coherence tests or comparisons of statistics (mean, standard deviation, etc.) to reference values are performed. Ageing factors were introduced to account for the pavement and the sensor deterioration in periods when no recalibration is performed.

3. Follow-up, Implementation and Dissemination

4.1 Multiple sensor WIM and application of WIM to enforcement

MS-WIM was shown, at least theoretically, to be the unique high-speed road sensor WIM system capable of very high accuracy. It is expected to be used for accurate overload pre-screening and direct enforcement in the future. In addition, B-WIM was greatly improved (section 4.2), and has the potential to become an alternative means of static load estimation and enforcement, with some advantages: it is more difficult for the drivers to avoid this weighing system than sensors on the road surface, the system is not exposed to vandalism and it may be installed and maintained with minimum traffic disruption. 

Very exacting accuracy requirements apply for preselection and enforcement applications (COST323, 1999; Dixon, 2002). Depending on the context and legal background, it is required to get 100%, or at least a high proportion (>95 to 99% ) of the gross weights within (5% of the static weights, and axle loads within (8 to 10%. As underlined during the Final Symposium of WAVE held in Paris in 1999 (Jacob, 1999), the benefit of using an MS-WIM system on a heavily trafficked highway for that purpose can be extremely high as it dramatically increases the efficiency of load control. On such highways, it is either impossible or very costly in terms of infrastructure and traffic disruption, to sort out trucks from the traffic flow and divert them to a special area for low speed or static weighing.

Following the investigations of WAVE (WP1.1), at least three European countries are still active in the development of MS-WIM. In the Netherlands, a 16-piezoquartz sensor array was installed in 2001 on a motorway by the DWW for the Ministry of Transport (van Saan, 2002; van Loo, 2002) in order to check if this type of sensor could provide a less noisy signal and better results than those obtained in WAVE. The data collected in this experiment will be processed using the algorithms developed in WAVE, in co-operation with the LCPC.

In Germany, the so-called "Top-Trial" project, supported by the EC, aims to test a combination of several piezoquartz sensors and strain gauge scales in an MS-WIM system for enforcement.

In France, further investigations on MS-WIM are taking place at LCPC, using computer simulations of vehicle-road dynamic interaction, to assess the potential accuracy of the two developed algorithms under various conditions and to improve their implementation (Dolcemascolo et al., 2002). A new experiment is planned on a road in France with an MS-WIM array.

A request was expressed in several EU countries to implement MS-WIM systems for enforcement of overloaded vehicles. That is one of the major challenges of the coming years, as static controls become relatively less efficient with increases in heavy vehicle traffic and budget and staff restrictions. The dissemination of this technology will depend on the individual accuracy of the sensors, on the type approval of such an approach by the Legal Metrology authorities, and of course on the market price of the systems.

4.2 Bridge WIM and applications

The WAVE project moved B-WIM from an early stage of development, with low accuracy and relatively few commercial applications, into a mainstream WIM technology at a level comparable with more established systems. The SiWIM® prototype hardware, developed in WAVE, has been redesigned and software rewritten. It has now been commercialised with two alternative B-WIM systems, a permanent installation and a temporary one. The permanent system operates with a mobile phone connection accessible from any computer with a GSM modem. The portable system is much lighter and smaller and has been developed for short-term installations on many different bridges. Automatic calibration means that no knowledge of the bridge behaviour is needed provided a calibration truck of known weight can be provided. Since the conclusion of WAVE, this system has been used to collect truck weight data on about 25 different bridges in Slovenia and Sweden.

The FAD B-WIM system, where no part of the system is on the road surface, has undergone considerable further development and field trials since the WAVE project. In September 1999, a FAD system was implemented in real-time on short slab bridges in Falun, Sweden. Subsequently, the Slovenian Road Administration commissioned further research for FAD on such bridges.
Further fundamental research on B-WIM has taken place in a collaboration between the Royal Institute of Technology, Stockholm (KTH) and University College Dublin. A matrix method has now been developed for the characterisation of the bridge response to load (finding the influence line); it finds the optimal solution automatically from the measured response to a calibration truck (Quilligan et al., 2002). It is now possible to determine the weights of all vehicles that pass over a bridge simultaneously; the simultaneous presence of cars during the crossing of trucks had been resulting in errors in the truck weight calculation. The other significant source of error, that due to variations in the transverse location of the truck on the bridge, is being addressed at present and is likely to result in a significant improvement in accuracy.  It seems likely that accuracy class A will be possible with the new algorithms for a B-WIM installation on a smooth pavement. 
4.3 Fibre optic WIM

The fibre optic (FO-)WIM system was greatly developed, although some delay occurred because of a major change of partner within the Alcatel group. The whole system was completed and validated, but only on a small scale test was carried out which was not under a real traffic flow. Because other research work on FO-WIM is focused on a rather simple technology (light attenuation), which is not accurate enough for WIM of class C(15) or better, marketed systems are currently specified only for vehicle classification. The technology developed earlier and improved in the WAVE project, has a much more promising performance, and the prototype sensor seems to be competitive with the best existing WIM sensors. However, FO-WIM would benefit greatly from a renewed drive towards commercialisation of the product. 
4.4 Database and Quality Assurance

The European database with its quality assurance (QA) system provides a framework and tools for road and infrastructure managers, and for road transport authorities, to get easy access to an overview of the WIM system network and heavy vehicle traffic in Europe. However, the implementation and dissemination of such a database will require long-term support, and some maintenance. A proposal was made to the WERD (Western European Road Directors) and to the FEHRL in 1999, to organise and support this action. The subject was discussed at a few meetings, but until now no common decision was taken. Without any decision and allocated means, there is a risk of losing the benefit of the work completed in WP2 of WAVE.

4.5 Publicity and Conferences

The COST 323 action facilitated the dissemination of the WAVE results through the organisation of the Second European Conference on WIM (COST323, 1998). The WAVE consortium organised two European seminars to keep national authorities and the WIM industry informed of results from the project: a mid-term seminar in Delft and  a larger Final Symposium in Paris, in May 1999, with more than one hundred participants. This provided the audience with conclusions and results from the project. It was well attended by road authorities, WIM manufacturers and decision makers from several European countries. The proceedings were published in the form of a book (Jacob, 1999) published by an international publisher. Intermediate results of WAVE were also presented at other International conferences, such as the Transport Research Board Annual Meeting in January 1998, NATMEC'1998, the 5th International Symposium on Heavy Vehicle Weights and Dimensions (Brisbane, Australia, April 1998), the 2nd ERRC (European Road Research Conference), and in the Vehicle/Infrastructure Interaction conference in Poland in September 1999. A WIM session was held at the 21st World Road Conference organised by PIARC in Kuala-Lumpur (September 1999), in which WAVE was presented. A WIM seminar was organised in Taiwan in April 1999, with a significant participation of the WAVE partners. 

The European WIM web site, developed in the COST 323 action by ZAG (http://wim.zag.si) was extended to host most of the reports and results of WAVE. It now provides an up-to-date presentation of WIM in Europe.

4. Conclusions

Most of the existing and developing WIM technologies were implemented as prototypes or in full scale tests, in several countries. Most of the manufacturers gained experience from the tests while the customers and users became more confident in the marketed products. 

The WAVE project has been rich in theoretical and applied work, experimentation and data collection and analysis. It has given a great impetus to the technology of WIM, leading to improved accuracy and applicability. 

The conditions of international co-operation on Weigh-in-motion of road vehicles were exemplary, since, at first through a COST project and subsequently through a European Research & Technological Development project, a large number of European countries have taken part in this work. 

The advances made possible by WAVE open up the prospect of a transition to full-scale use and therefore to commercial distribution of the new WIM devices. The participation of the manufacturers in such a step is fundamental, and their contributions to the project were highly valuable.

The research and implementation work continues after the project completion in several European countries, and other co-operative actions are expected in the future.
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