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Background
In the late 70s Beatty and Wagoner (2000) noted the correlation between pupil diameter and cognitive workload. As the workload increases the pupil dilates, and as it lessens the pupil shrinks once more. Overload situations can be identified as times when the pupil reaches full dilation and then remains there for long periods of time. This reflex has been used by many studies as an indicator of cognitive state both for problem solving tasks and in driving simulators (Marshall 2007, Schwalm, Keinath & Zimmer 2008, Palinenko et al. 2010). Nowadays this is usually measured using a remote eye tracking system such as the one we have in SoAC, but it’s possible to do it with either a webcam or and IR camera a lot closer to the eye. 
Equipment required
There are cheap webcam-based eyetracking systems available that might be suitable for mounting on a helmet (or for cannibalising and then mounting on a helmet) such as the $99 EyeTribe system (2015). Failing that, such a system could be designed and built from cheap components bought at Maplin. The software would be run on a small portable computer such as a Raspberry Pi or Windows Tablet so that they can be mounted on the driver/bike.
Solvable problem
The diameter of the pupil is affected by things other than workload – in particular increased ambient light levels and emotional arousal also lead to pupil dilation. We therefore need to correct for both of these. Assuming that racers need to be calm and collected in order to ride at their best, we may be able to ignore the emotional response in the first instance. We will, however, need to take ambient lighting into account. The simplest way to do this would be to add a light sensor to the system that faces in the same direction as the rider. As we also want to look at how the cognitive workload varies around a circuit we will also need to include a GPS receiver in our Racing Workload Measurement System (RWMS).
RWMS configuration
The proposed basic configuration of the RWMS is shown in figure 1 below. It assumes that the camera(s) is mounted within the helmet so as to get an optimum image of the eye undistorted by the visor. It is possible that we might need to add a light source to illuminate the eye, in which case we need to use an IR camera rather than a normal webcam and to include an IR LED next to the camera. 
Relatively small amounts of data actually need to be collected; a data rate of 10-25Hz should be quite sufficient for the pupil data. The minimum data record would include:
· Timestamp
· Pupil diameter (mm)
· External light level (a representative integer value)
· GPS coordinates (latitude and longitude as float values)
Ideally these would all be recorded as a single line of data, but if necessary they could be recorded as individual lines with a common external timestamp.
Data analysis
We’ll need to calibrate the ambient lighting factor before applying it so we can work out the appropriate corrections to make, but once we’ve done that we can start with simple things like plotting pupil diameter (the proxy for workload) against location as shown in figure 2 below (high workload areas shown in red, low workload in green).
Further random thoughts
Of course, if we can get a proper eyetracking system working, rather than just a pupil measurement system, we could eventually add a live video feed and record what riders are looking at as well as their cognitive load. We can also add any other physiological measurements we like as long as we have the appropriate timestamp – heartrate, skin resistivity, EEG (although EEG would generate a lot more data).
If we have a common timestamp we can also link the results to bike performance measures – how does the workload change as the rider accelerates/brakes?



Figure 1: RWMS basic system schematic
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Figure 2: Example workload variation around Donington Park
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