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Abstract
Technical:
This paper looks at how the research and the methodology for ‘An Investigation into how key performance indicators can be used to aid driver development and performance’. The research looks at three main aspect: Design of experiment; how benchmarking is primarily used in business but the concept can be applied to this investigation , Driver advice and performance measures; why the mental side of driver performance is just as important and the physical side and how the KPI’s selected for this investigation must be based of driver control inputs, and finally driver in the loop simulators; why simulators are used in the motorsport industry and close the data they produce is to reality. 
The methodology for each session is explained. A general overview of each driver is given as well as the reasons behind the choice of circuit and vehicle. The parameters for the sessions are explained to avoid factors such as driver fatigue and how the drivers could affect each other’s performance. Lastly, it’s explained how using values such as distance and time adds detail to the data when presented to the drivers. 
The paper concludes with the prediction that all three drivers will make improvements to their lap times after being given coaching based off their data, but there is the understanding that this may not happen due to the human element of the experiment and that each session is only being conducted once. 
Non- technical:
This paper looks at how the research and the methodology for ‘An Investigation into how key performance indicators can be used to aid driver development and performance’. The research for the investigation looks at how the experiment was designed, how drivers are given advice and their performance measured and finally how realistic simulators are.  
The methodology for the sessions is then explained. A general overview of the drivers is given and reasons why the circuit and vehicle has been selected. The design of the sessions is then explained to show how negative factors that affect driver performance were avoided. Lastly how the data is implemented in this experiment and how it helps to improve driver performance. 
The paper concludes with the prediction that all three drivers will make improvements to their lap times once they have been given coaching, but there are reasons why this prediction could be wrong. 
 



Introduction
Since 2009, when the FIA banned in-season track testing, formula 1 teams have placed a greater reliance on the use simulators. In an interview with SAFEisFAST.com Felipe Massa states that “it’s important for setup changes and for developing the car with new parts, that we are going to use in the next race” (SAFEisFAST.com, 2015). New part tests, possible setup changes and learning the next track are now done through a simulator, this brings up the questions: how can the data collected from the sim to be used to its full potential and how close to reality are the simulators. 
This investigation will look into how KPI’s, key performance indicators, can be used to improve a driver’s performance. This will be investigated by using an Rfactor simulator to gain data from three different drivers, then by comparing KPI’s, advice can be given to the drivers to help improve their lap times. 
This investigation has three aims: 
1. Collect and collate date using driver in the loop simulator, 
2. Try to improve driver lap times through the use of key performance indicators
3. Identify which performance indicator has the greatest effect on driver performance increase. 
The project deliverables are: 
1. Data showcasing driver lap time improvements
2. How data is best presented to a driver for development, (Verbal, printed, fully explained)
This paper will look at the justification for this investigation by looking at the research for the topic. This research will include: design of experiments, driver performance measures and driver advice and the usefulness of driver in the loop simulators and how close to reality they are. 
This will then lead on to how the data is collected using the Rfactor simulator from three drivers, how the test sessions are designed to get the maximum amount of useful data whilst avoiding unnecessary problems such as driver fatigue, the control parameters for the simulator sessions and how the data is analysed using Motec software. Finally, how the data is presented to driver to maximise its usefulness without overloading the driver with irrelevant information and how the instructions given to the drivers for each session need to be clear and accurate to avoid incorrect data collection.  


 



Literature Review

Design of Experiments:
When designing an experiment using a human element it’s important to remember that a human is an uncontrollable factor and that they will not be the same in every session as there are external factors placed on the drivers, whether this from social or workplace environment these factors could influence a driver’s ability on a given day, (Valkenburg 2008).
The type of experiment used for this paper is called benchmarking. This is a method of improving performance by making comparisons against others, and then using those comparisons to make improvements to yourself (http://constructingexcellence.org.uk/kpis-and-benchmarking/, n.d.). This is a technique commonly used in business to analyse competitors and make changes to your own company to close the gap in business (Lock, 2001). The principle though can be used for driver comparison as its analysing data, then using the data to establish improvement techniques. 
Driver advice & Driver Performance Measures:
Carroll Smith writes in his book ‘Drive to Win: The Essential Guide to Race Driving’ that “Achieving excellence as a racing driver is about 98 percent cerebral and two percent physical” (Smith, 1996), the ability to be confident in your own driving ability can have a massive effect on your driving performance. This is where the use of data acquisition can help, if the driver is given an instruction to make a change to the way they are driving and this instruction is backed up with the use of relevant data which the driver can interpret and use to their advantage then this can lead to improvements in performance. (Bentley, 2011). 
Using data is an important part of increasing driver performance (Mayer, 2002), but it must be done in a way that is made easy for the driver to interpret. An easy and effective way of doing this is using overlays, (Smith, 1996). By simply comparing at least two driver’s data against each, then differences in how they drive become apparent and points can be marked as to where time is being either gained or lost. 
When the driver is sat in the cockpit of their vehicle they only have five direct controls over the vehicle to drive it as fast as possible: Throttle pedal, Brake pedal, Clutch pedal, Steering wheel and gears, (Segers, 2008), however for the purposes of this investigation the clutch pedal is not in use. 
The data engineer can then use the data collected to help a driver achieve their fastest lap, or setup race simulations where tyre or fuel saving or different weather conditions, (Sakamoto, 2014). These controls are the influence for the KPI’s selected for this investigation, because this is only a simulation there are no real-world implications in terms of needing to change any factors on the car such as setup, tyres or fuel, so the main source of lap time improvement will be how fast the driver can go.  







Driver in the loop simulators:
Simulators are used in motorsport to test new parts and setups and for drivers to learn new tracks amongst other reasons (Martin, 2011). Since major championships such as formula 1 and NASCAR banned in season testing, (Formula 1, Testing, n.d.) (Testing ban carries stiff penalty, 2014), simulators have been used more to collect valuable data that teams need for race weekends. With the increase in simulator use, Red Bull f1 say there both of their drivers and both Toro Rosso drivers used their simulator facilities to race every grand prix on the calendar in 2011, (Fagnan, 2015), how valid is the data that comes from the simulator sessions and can the simulator be used as a learning tool for experienced and inexperienced drivers. 
Most big teams in motorsport use simulators across all areas such as f1, nascar, V8 supercars, and with positive reviews from a lot of drivers. iRacing is an online racing simulator that is available to the public but it’s used by a host of professional racing drivers for learning new vehicles or track as their testimonial page shows, (iRacing, n.d.), however not all drivers agree. In an interview with Autosport, Lewis Hamilton states that “there’s a difference between driving the simulator and the real thing” and in terms of using it for learning new tracks on the calendar he said, “I can learn as much from simulators as I can from video games”.  (Anderson, 2016)
In terms of data validity its often hard to test the premise due to issues such as vehicle setup, track layout and track conditions. In an article written by DrRacing, an experiment is setup to see how close the data is from a simulated session when compared to data taken from the real world. The data is taken from a formula 3 practise session at Monza in 2008, the simulated car is setup as closely as possible to the real car, however it’s noted that two aspects of the setup are not the same and these are downforce and drag, this is because of a lack of reliable data about these setup point so they set to manufacturers specifications. It’s also worth noting that the same driver is not used for both sessions, although the simulator driver is a professional driver who has experience with both simulator and formula 3 driving. 
The article compares: speed, G force and suspension behaviour. When these three variables were compared overall the data was found to have a “very good correlation”. The small differences that did occur were put down to mostly down to the track or the driver, with the article stating that the track modelling accuracy couldn’t be verified and the author believed that some of the “virtual zones” were slightly different to the real thing. A conclusion drawn from the article is that when accurate data is used it pushed the driver to drive the car as he would if he was driving on the real track, which helps to enforce the reliability of the results. (DrRacing, 2014)







Methodology
This investigation will use three drivers to collect data. Three drivers were chosen as this provide more data and account for different driver styles and different driver levels. The three drivers are:
Driver A- Paul Davies. Paul has a limit amount of experience using the simulator, he was part of a project last year to improve his lap times on the simulator so he’s not a novice and understands how the data works, he also understands the technical aspect as he is the universities technician.
Driver B- Richard Sutton. Richard is an experienced simulator driver for the university having run simulator sessions before and logged many hours in the simulator. Whilst he is vastly experienced in the simulator he has a very limited understanding of data and has never used it before to try and improve his performance. 
Driver C- Tim Tudor. Tim is an experienced simulator and racing driver having previously raced in formula 4 for the university and currently racing the MCR in the sports 2000 championship he also teaches data acquisition at the university so has a vast knowledge on the subject. 
The drivers will use the Rfactor simulator to perform laps around Silverstone GP track in a GP 2 car. Silverstone GP was chosen for two reasons, the first is because of a mixture of low and high-speed corners, such as the loop and copse, (F1, 2017) which provide a good mixture of data. The second reason was that an interview was conducted with all three drivers to discuss the project, during this interview the drivers were asked which tracks and vehicles they had the most experience with on the simulator. All drivers stated they had experience with the Silverstone GP circuit as well as using the GP2 vehicle before. This experience with both the track and vehicle would help when testing as they wouldn’t need to learn either and would have confidence when stepping into the simulator. 
The testing sessions were planned as six sessions, starting with a base data session and then continuing with five sessions afterwards. The sessions would each focus on improving a specific KPI in this order: brake pedal position, throttle position, pedal overlap, gears and finally steering angle. 
The KPI’s were selected in this order for a few reasons: brake and throttle position were chosen as the first two KPI’s as they needed to be coached before the pedal overlap session could be conducted. This is because the drivers would need to sort out where and how hard they were braking and accelerating before looking at the overlap of these controls and whether they needed to switch between the two quicker or slower. 
Steering angle was selected because the entry and exit speed of the corner needs to be sorted before looking at the angle the drivers are taking. I wouldn’t matter if the drivers were putting the perfect amount of steering angle on if they were braking too late and locking the wheel or accelerating far too early and understeering through the corner. This left the gears session to fill the gap in-between pedal overlap and steering angle. 
All the sessions must adhere to the control parameters, these are: the same vehicle (GP2) and track (Silverstone GP), the vehicle setup must remain as standard, this is the default setup that the simulation provides, all driver aids must be switched off and the force feedback set at 75%, and the drivers identities must be kept anonymous from each other- this is upheld to the best of the engineers ability but was ultimately impossible to enforce so the drivers were instructed if they do find out that they refrain from conversation about the test sessions.  

The sessions start with the session plan being given to the driver, Fig 1, and an explanation of the instructions for the session. For the base data session, the driver gets an outlap and two full ‘sighting laps’, the driver is instructed on these laps to not push the car and to use them to judge entry and exit points of corners, gauge how tight corners are and grasp a general feel of the circuit. 
From this point the driver gets 15 clean laps, the driver is instructed to concentrate on staying on track and not pushing so hard that constant mistakes are made. This decision was made after the first session with driver A was conducted, where the instruction was to drive until stagnation, this was defined as three consecutive laps of non-improvement, however driver A was constantly making mistakes and around lap 20 started to suffer fatigue, fig 2 shows a record of mistakes made by driver A during the first session, so the decision was made to shorten the session to avoid fatigue, add the sighting laps and give the instruction of clean laps, driver A’s first session was repeated with the new test plan. 
For sessions 2-6 the plan changes to accommodate for driver coaching. The drivers are given 5 laps, before driver coaching has been given, to become comfortable with the track and vehicle, whilst also trying to set some fast laps so they are closer to their fastest lap. This is done so that after the engineer has given some driver coaching the driver is not having to become comfortable again whilst also trying to implement new driving techniques. Once these laps have been completed the driver is stopped and the coaching can begin. 
Before the session three main sections of data will have been identified as areas where the most improvement can be made. This is done using the variance channel on Motec, this channel compares the selected laps times of the drivers, as shown in fig 3, the laps selected will be the individual drivers fastest lap. Once the three sections have been selected and the driver has completed their 5 laps the first of three sections is explained to the driver. 
The driver is shown just the small section of data it may the braking before a corner, the distance between themselves and a faster driver is shown at this point and its explained how moving his braking point forwards or backwards can be beneficial to his performance, or how quickly they get back on the throttle pedal when exiting a corner, this can be shown against time when compared to a faster driver if they are getting back on the accelerator too quickly or slowly. With this data explained, the driver is told how they can improve by implementing the faster driver’s technique. 
The driver is then placed back in the simulator and instructed to focus on the section of improvement, they are given another 5 laps to make this improvement before the driver is stopped again, this process is repeated for each section until all three have been completed. 
The driver is then shown their data from the session compared against their base data, this is to see if the driver has successfully completed each instruction. Each section is examined to show how much of a difference, if any, the instruction made to just that section of the lap. 



Conclusion 
If the data from each session is interpreted correctly and the created from the data and presented in a clear and concise manner then I predict that each session should produce improved driver performance in the form of a quicker lap time. However, I understand that this may not happen because of the human element of the investigation and that when a driver may not feel 100% when participating in a session or that a problem with the simulator may occur that could affect the result of the investigation. Each session should be repeated multiple times, at least three, to gain an average of the results and allow for any bad sessions to be discounted, unfortunately this isn’t possible due to time constraints. 
It’s impossible to predict which KPI will have the greatest impact on driver performance because each driver is different and will be stronger in certain areas and weaker in others, it also depends on the engineer’s ability to interpret their data and create performance improving instructions based off the data. 
In conclusion based off the research around the subject of data acquisition and the use of simulators I expect all three drivers to make improvements to their lap times after being presented with data showcasing areas of improvements. 
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Fig 1, test plan from session 1.
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Fig 2, session report from scrapped driver A session 1 
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Fig 3, an example of variance channel data
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