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1 State of the project and goal completion

The levels of attainment achieved during the period 01-06.2004 for each of the goals in this subproject are summarised in Table 1. Further explanations are provided in the following sections.

Table 1. Percentage of goal completion during the period 01-06.2004
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1.1 Goal 1: Development of driving simulation scenarios

The research proposed in the subproject Human Performance in Simulation Environment is based on a driving simulator to be provided by the WDL-programme. The process leading to the acquisition of the driving simulator has not concluded yet. However, it is expected that the purchase of the driving simulator will be realised within June 2004 (this month).

The truck driving simulator, as it has been conceptualised in the end of the decision process between a car simulator or a truck simulator, will support not only my research project, i.e. this InBCT subproject and the one funded by AKATEMIA (08.2004-12.2007) Psychophysiological and Behavioural Monitoring of Drivers’ Alertness States in a Driving Simulator) but also the driver assessment activities of Neuroarviot Oy. The first stages in the development of the driving scenarios have been performed. The driving scenarios on which the truck drivers will be assessed have been defined in collaboration with Pekka Kuikka (Neuroarviot). The driving scenarios are based on traffic accident statistics. The advantages of taking the traffic accident statistics into account are threefold. Firstly, these are empirically difficult situations to drive through them safely. Secondly, they purport some theoretical validity compared to imaginary driving scenarios. And, finally, assessing and monitoring drivers in difficult and valid situations should provide more robust research conclusions. Therefore, the circumstances and road features surrounding these accidents will be implemented on the simulator. The same scenarios can be reused in my research and can also provide opportunities to other companies to develop and test their products and/or services. The Agora Center Virtual Reality personnel lead by Juhani Forsman, will start the implementation of these driving scenarios as soon as the simulator is provided by the WDL-programme.

Complementary to or as prerequisite to the actual research activities of this project, a number of meetings have taken place with personnel from Jyväskylä Science Park, Viveca, and Jyväskylä Polytechnic. In these meetings, the business and research ideas motivating the needs of the driving simulator have been proposed and defended. As part of this process AutoSim As, a simulator developer based in Norway, was invited to visit Agora Center. During this visit (19.03.2004) the Vicepresident of Marketing Mr. Jan Bjerke and the Software System Designer Mr. Kjell Isaksen presented the products and services AutoSim offers. The other participants, i.e. Agora Center, Jyväskylä Science Park, Viveca, and Jyväskylä Polytechnic posed their questions and a possible schedule for the next steps in the acquisition process were set forth. No final decisions were made upon the closure of this meeting. After this visit by AutoSim, discussions and negotiations concerning the simulator concept with the WDL-programme organisations have resulted in their decision to purchase some of the simulator components from AutoSim As (Norway), and develop other components including the driving simulation scenarios in the Agora Center Virtual Reality Laboratory. The WDL-programme will provide the economical resources needed by the Agora Center Virtual Reality Laboratory to support this development.

Because the decision of AKATEMIA concerning the application made in 11.2003 was not  yet available in March, in parallel with the definition of the driving simulation scenarios, I made an application to Henry Fordin Säätiö which could support 2-3 months of my current work in the absence of other funding sources. The decision concerning this application has been made public with positive result. Also the decision concerning the application made to AKATEMIA in 11.2003 has been positive. My work in the project Psychophysiological and Behavioural Monitoring of Drivers’ Alertness in a Driving Simulator (Agora Center, Academy of Finland) that is intimately related to this project will start on 01.08.2004.

· Level of completion of the scenario development in the high-end driving simulator goal is 70%.

1.2 Goal 2: Selection of procedures to discriminate performance stages as a function of alertness

A procedure has been piloted in our laboratory to discriminate driving performance stages as a function of alertness. The procedure consists on a simulated driving task performed at night time on a computer game. The participants drive through an oval racing track for three hours without encountering any other vehicles. They are requested to maintain a constant speed maintaining the car within the track limits and avoid crashes. Concurrently to the driving task, the participants are presented with an unattended oddball auditory task and a divided attention visual reaction time task. The E-Prime software manages the presentation of the visual stimuli, i.e., red and green LEDs situated on the left and right sides of the projection screen, and collects the responses to these stimuli, i.e., reaction times and correctness. Psychophysiological measures are recoded from the participants throughout the three-hour period. Video signals from two video cameras record the driving scenario and the participants face. These video recording are then mixed with the DSAMP video screen to produce a synchronised video recording for off-line analysis. 

The procedure serves to discriminate drivers’ performance stages in which they demonstrate full behavioural and cognitive capacity from other lower alertness states in which their capacity is severely reduced. The procedure is homogeneous for each participant and not very demanding. This is, performance does not rely heavily on drivers’ skill level. A similar procedure can be implemented in the high-end driving simulator. However, some fine tuning in the procedure might be needed after the high-end simulator has been tested.

· Level of completion of the selection of procedures to discriminate performance stages as a function of alertness is 95%.

1.3 Goal 3: Development of means to define and monitor performance deterioration

In order to define and monitor performance deterioration due to changes in alertness stages in the awake-asleep continuous while driving, i.e., level of alertness, the behavioural driving performance measures must be established previously. The criteria to categorise different driving behaviours have been established during the period 01-06.2004. These criteria are being used in the analysis of the video recordings of the participants in the pilot studies on drowsy driving carried out thus far. Drivers’ behaviours of interest in the experimental data include erratic two and four wheels off the driving road, crashes and near crashes. These are a limited number of measures dictated by the nature of the simulated driving task on a computer game. However, these measures can provide an important input for the selection of on-line means to discriminate alertness states on the driver when combined with other psychophysiological measures such as EEG, e.g., ERPs such as MMN and P300, EOG, HR, SPL/SPR, respiration rate,. Additionally these behavioural measures will help to identify important performance criteria in the design of the experimental tasks in the studies which will be carried out in the high-end driving simulator in the future steps of my research. Statistical analyses of the data collected until now will provide the final decision criteria to select means to monitor on-line the driver’s reduction in performance level.

· Level of completion of the development of means to define and monitor performance deterioration is 60%.

1.4 Goal 4: Development of practical means to stop performance deterioration

Two simple options are considered to develop means to stop drivers’ performance deterioration as a function of reduced alertness or drowsiness, which are based on the performance monitoring measures indicated above. One of these options is an acoustic warning signal. It can be a loud tone stimulating the driver to recover full alertness (similar to an alarm clock buzzer, an emergency siren, etc.), or a warning voice message providing feedback to the driver on his or her alertness level and instructions on which action should be followed, e.g., stop the car in a safe area of the road. Another alternative is a vibrotactile stimulus provided through some element of the car that is in contact with any part of the drivers’ body. A mandatory condition of any of these alerting stimuli is that it does not represent an additional risk to the safety of the driver.

The means to stop performance deterioration, by themselves open new research questions, which are not contemplated in this project for its limited time and financial resources. For instance the selection of the optimal warning or alerting stimuli should be validated experimentally. Adaptive alerting procedures can be developed which react with different intensities to different alertness levels. The different types of warning or alerting stimuli must be validated for their efficacy in promoting the recovery of the drivers’ safe alertness levels. Additionally, these options must be validated through experimental research to ensure that drivers’ safety is not jeopardised by any warning means developed for actual vehicles.

The actual development of the means to stop drivers’ performance deterioration is very dependent on the functions available on the high-end simulator. Therefore it will need the availability of the simulator to proceed.

· Level of completion of the development of means to stop performance deterioration is 30%.

2 Outputs of the project

As a result of the activities carried out during the period 01-06.2004, I have elaborated the report “Deliverable WDL:n Ajosimulaattorin Selvitystyö”. This report includes the specifications of the driving scenarios that will be implemented in the driving simulator to realise the empirical work in the next stages of my research project Psychophysiological and Behavioural Monitoring of Drivers’ Alertness in a Driving Simulator.
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