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Basic Signals for Evaluating Driver Performance:

· Speed – regardless of how many g’s you’re pulling, the bottom line is to improve lap times.

· RPM’s – helpful to understand shift points, engine response (especially in comparison with data from other cars, drivers)

· Lateral G’s – gives a good indication of how hard you’re working the tires/chassis. Not, however, a golden indicator of going fast.

· Longitudinal G’s – indicative of braking ability. Can be measured or calculated from speed.

· Lap time is implicit, as all systems will include this.

· Friction circle can be created from lat and long g, if desired.

Additional Signals for Evaluating Driver Performance:
· Steering angle sensor – primary driver input, most critical to understanding driver intent and smoothness.

· Throttle position – tells how soon you’re on the gas, and for how long, how well throttle is modulated, etc.

· Brake pressure – braking points, aggressiveness, trail-braking technique, etc. Brake light switch can be used to show braking points only – but gives less detailed info than brake pressure, which will tell more about braking technique.

Strategy for Data Analysis:

· Find corners to improve, and find corners to not push harder on. You can’t get faster in every corner at once! Know where you’re already at the limit (yours or the car’s), and just focus on being consistent in those corners.

· Take good notes about track conditions – weather, traffic, etc – when you come back in 5 months to compare, you won’t remember!

· At the track – don’t overdo data analysis. For starters, focus on one or two corners where you feel you want to improve your technique. Set straightforward goals, decide how to measure progress, and check your results. Also look at lateral g’s (and other signals as available) to ensure consistent peak driver effort in all corners. Look at just the top 3 or so laps from each session, to minimize workload.

· Between weekends – look at more laps, including statistical and analytical review of your data, look for patterns, find strong and weak points. Compare to other weekends, other drivers/cars if available. Use video, if available, for the faster laps and segments to understand WHY!

· Don’t just look at the fastest lap from each session; review all your laps, look for consistency problem areas, see why your top 3-5 laps, or laps within 0.5s of your best, were not within 0.1s of your best
Guidelines:

· Filtering – be aware of filtering; use it as a tool, when needed, but don’t overdo it, and be mindful of when it’s there (by default).

· Get LOTS of data! Data analysis is all about analyzing trends – you can’t do this with only two laps on the books. 

· Consistency is key – until you can produce consistent laps, you will have a hard time improving. 

· Make sure you’re hitting your marks (braking points, turn-in points, speeds) to be consistent. 

· Data systems will only record what you’ve done, not tell you what you can do. They can show you where you’re not consistent (how fast you can go if you could tie it all together!), and if you can learn how to identify good vs. bad technique it can show you that too. But you must:

· be consistent, to see true improvement from changes to line or other driving technique, and 

· do something different, experiment to find a faster line and more speed from your chassis.

Data Evaluation:

· Review fastest lap and laps within 0.5 seconds of fastest – these are the most interesting.

· Look for big obvious issues (may be able to confirm with video, if avail.): 

· wheel spin on throttle (if using wheel speed sensor, on driven axle)

· rough or ragged driving – rough speed, accel/decel/lateral g, steering, throttle, or brake signals

· lazy or over-aggressive corner entry, as shown by lateral g signal

· Off-line driving (shown by substantially lower speed through corner vs. typical)

· Identify and evaluate areas of interest – corners with known driver issues, relative competitive weakness, etc.

· Review all remaining corners/segments, step-by-step, and look for detailed problem areas. Evaluate corner entry speed and results for each.

· Page forward/backward through remaining laps, look for consistency high and low points.

· Lap time comparisons – statistical, lap time deviation from a baseline

Take notes of all of the above, put them with your gear, and make sure they get to the track for your next outing!!! 
Data Analysis – Basic lap plot:

Track map created by software; GPS systems will measure this. Note color-coded segments, to easily compare data with position on track. Note also Measurement readout – actual values of speed, lateral, etc.

Data Analysis – Corner entry, too fast – Turn 5:

Notice the late peak of lateral g’s (in yellow), and how the car speed (in purple) is actually lower at track-out point that anywhere else in the corner.

Data Analysis – Corner entry, too fast – Turn 5:

Same lap, with another faster lap from that session for comparison. Note the difference in speed at track-out point (grey vertical reference line) – 3mph! Note also the relative position of the lateral G peaks. Grey lap is actually overbraked on entry, but still results in better lap time.

Data Analysis – Corner entry, too slow – Esses:

This is Turn 6 through the Esses to Swamp entry; point of interest here is the Esses at the grey line. The driver has overbraked for corner entry, resulting in a “sawtooth” speed line, and we can see that lateral g’s are a little bit late to peak here. More speed could be carried into this corner.

Data Analysis – Corner entry, too slow – Turns 1-2:

Here we can see another example of overbraking for the corner; here, in a longer-duration corner, the driver has realized the mistake and has time to reaccelerate to mid-corner (marked by the grey ref line) before making the second apex (at the second low spot in the speed trace, in this corner).

Data Analysis – Trailbraking Technique – Paddock and Esses:

Without entering the corner too fast, here’s what we’re trying to get to – a smooth transition from braking, as seen by the reduction in speed, to generating good lateral g’s. Grey reference line is at the Esses; Paddock is the turn before. Note that the entry to Swamp does not appear perfect, looks more like overbraking; speed should trail off more gradually there.

Data Analysis – Recognizing Oversteer – Turns 1-2:

Again driver enters carries much speed into 1; in this case, right before the grey reference line, the car slides and scrubs speed, as seen by the loss of speed. It’s up to the driver to explain why – video might help here.

Data Analysis – Recognizing Oversteer – Turn 3:
Again with a comparison lap, in grey; here again there’s a higher corner exit speed (in spite of the same apex speed), and the loss of speed right after the grey ref line as the driver recovers from the slide. Note the resultant loss of speed up to Hilltop (acceleration run to next peak in speed). 

Note also the earlier Lat G peak on the grey lap; that’s why it didn’t slide despite the same speed – earlier steering input by the driver to get the turn done sooner.

Data Analysis – Recognizing Understeer – Turns 1-2:

Hard to do without steering angle data; above we have just that (in green). Note that the corner is established, with speed constant, at about 90 deg of steering. However, driver continues to increase steering up to 130 deg. Note also the marked loss of lateral as the car pushes, and how the lateral returns as the driver unwinds the steering.

Naturally one would wish to change car setup to eliminate this problem; from the driver setup perspective, the correct answer is of course lower corner entry speed. 

Data Analysis – Preferred – Turn 5:

Minimum speed is seen at corner apex (synchronized with peak lateral g’s). Approach to apex could trail more brake in, but not bad. 

RPM eval – Shift points – Exiting Turn 2 to Kink before Turn 3:
Note shift occurs here (shown by drop in RPM) right before kink, yet at only 7700 RPM. Options would be to consider staying in gear (may be possible with this motor), or changing diff gearing to move shift points around.  Upshift here, and subsequent downshift while entering 3, are costing the driver much time.
Lap Times – Statistical Analysis:

Most data analysis software comes with such a function; can be useful to see trends, spot variation. Note also calculation of Theoretical Best Lap and Best Rolling Lap – use with caution.

Lap Time Comparison:

Again, data analysis software should come with such a function; allows easier comparison of one or more laps, even fairly close laps, to see where time was gained/lost. Note here how the red lap was faster to turn 3 than baseline blue lap, which ended up faster overall (due to traffic, here).

Summary:

· Focus on speed above all else – if you go faster, your lap times will improve! It’s easy to get distracted by other channels, like pulling g’s – don’t.

· Figure out where you’re good as well as where you’re bad – pushing harder doesn’t always mean you’ll go faster, but can mean you’ll overdo a corner you’re already nearly maxed-out on – and end up off track (and out of the race).

· Set achievable, measurable goals for each upcoming session. Be more specific than “go faster” or better lap times – where will you go faster? How will you do so? How will you change your line, your braking points, etc?

Waterford-specific thoughts – 

· Important corners for speed – Hilltop, Turn 5, Swamp – what does your car respond to?

· “Throw-away” corners – Turn 3, Esses, Paddock – are they really throwaway corners? The time lost here will add up.

· High-risk corners – Turn 1, Turn 5, Hilltop – depends a bit on car, but some corners offer too high a risk (of lost time or laps, or even car damage) to be worth trying to optimize until the very end, when you can go no faster anywhere else.







