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[bookmark: _Toc498704935]Abstract

The projects objective is to understand how data acquisition techniques can be used to improve a racing driver’s overall lap time. To understand how setup changes effect a driver’s ability to drive consistently. A popular technique for testing used in industry as design of experiment has been implemented into the project to extract more data from a smaller amount of on track time. The results from the initialisation indicate that data acquisition and driver coaching can be used to enhance a drivers performance levels. Further studies are being conducted to measure a driver’s ability to react to setup changes. 

The project objective is to use data collected from a racing simulator to help a new racing driver improve his/ her performances. Testing techniques have been used to minimise the time needed in the simulator. The results gathered thus far prove that time in the simulator in addition to the data collected can indeed improve a racing drivers performance on a race track. As the project progresses the focus will shift. Changes to the car will be made to measure how a racing driver will react.
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Data acquisition is a proven way for athletes to be successful. A common sporting discipline, and form of data acquisition, is for them to record their performance, analyse what has happened and draw conclusions form factors that influence their performance.

Sophisticated recording devices are used to collect, store and correlate data. These devices are fed by numerous sensors placed statically within a race car to give race times all the data they need. These sensors could range from G sensors which record lateral/ longitudinal G force, tire temperature sensors to gearbox oil temperature sensors. All the sensors in the car are used to assist engineers and drivers into getting the absolute maximum out of a race over a race weekend or test session. Segers, 2008

Motor racing has always been known for its use of high end technology. Simulators have become extremely sophisticated in the past 20 years of racing. Gerhard Berger explained that on his Formula one debut that he did not know the track so he went out and looked at the braking points of the “quick drivers”. Sky Sports, 2013. In modern racing however, simulators are king. All formula one teams have simulation packages to help develop new parts, engine packages and even pit stops. Drivers use simulators for different reasons however. A racing driver’s main aim is to win. With the advancement in driving simulations being quick in a racing car is more about skill than bravery.

The project aims to deliver on these main objectives;
· The use of MoTec and simulation data to improve a racing driver’s overall lap time.
· To understand how setup changes effect a driver’s ability to drive consistently.

The project aims to give a racing driver these abilities;
· An improved approach to corners and braking zones using different setups.
· An improved ability to read and understand data sets.
· An improved ability to mentally read a cars behaviour on track.

1. [bookmark: _Toc480752396][bookmark: _Toc480752431][bookmark: _Toc480796582][bookmark: _Toc498704939]Research

1.1. [bookmark: _Toc498704940]Simulation
A popular testing system used for simulation is called design of experiment, DOE for short, it is a systematic method to determine the relationship between factors affecting a process and the output of that process. It is mainly used to find cause and effect relationships.
· Common terms of DOE are ‘controllable and uncontrollable input factors’, ‘hypothesis testing’ and ‘replication and interaction’.
· Controllable input factors are input parameters that can be changed. In the case of the project this can be many things such as the car setup.
· Uncontrollable input factors are input parameters that cannot be changed. In the case of the project this will be the car, driver and track for consistency.
· Responses (output measures) are elements of the process outcome that gage the desired effect. In the case of the project this would be the driver being more comfortable driving the car, more consistent driving the car and being able to generate a better lap time with the car. Isixsigma.com
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[bookmark: _Toc498472942]Figure 1; Image illustrating the DOE process taken from Isixsigma.com.




Driver in the loop systems are used to save time and money which is traditionally used setting up the car for a race weekend. This is achieved by using driver in the loop simulation. The systems can easily change the setup of the car as well as adding in certain parameters such as fuel consumption. Ansiblemotion.com.

Base performance simulators (BPS) provide simulators for all kinds of racing drivers from professionals to amateurs. The most important thing to remember about simulators is that they will never replace track time. Base performance simulators uses it extensive knowledge of simulation to try and break this old saying. (Race Tech Magazine, 2017)

Driving simulators are often referred to as ‘glorified video games’. “It would be too easy and in fact, lazy to compare using a professional sim to playing a video game, because the physicality of driving a racing car really comes across. The environment you sit in, with a fully kitted out cockpit, and the driving model gives you a sense of immersion which has to be experienced to be believed.” Simulators are used to allow drivers to pump in lap after in order to learn a track, the best racing lines and the latest possible point to break without damaging himself, the car or the track. The main problem with driving in a simulator is that there is no danger, drivers will push as hard a possible because it doesn’t matter whether they crash or not because realistically it will only effect the lap time. (Kilbey and Kilbey, 2016).









1.2. [bookmark: _Toc498704941] Data Acquisition.

Data acquisition in race cars is an electronic memory unit that stores user defined parameters while the car is on track. The stored data can then be downloaded and analysed using software packages such as motec. Data acquisition can be broken down into six categories. These are 1. Vehicle performance analysis. 2. Driver performance analysis. 3. Vehicle development. 4. Reliability and safety. 5. Determining vehicle parameters. 6. Running logs. 

Data acquisition systems have many sensors to record various aspects of the cars performance. Some race cars, such as formula one cars, have over 100 sensors but not all race cars have this many sensors. Some race cars are raced on a budget and can therefore only afford a limited amount of sensors outputting certain signals. Top of the list would be the following sensors. Engine rpm, wheel speed, throttle position, steering angle, lateral and longitudinal acceleration. These six signals are the most important for engineers because they can express so much. Steering angle could be measured against lateral acceleration to determine cornering speed for example. Segers, 2008
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[bookmark: _Toc498472943]Figure 2; Image from turbohoses.com illustrating axis accelerometers. - (turbohoses.com, 2017)




MoTeC has been one of the world leaders when it comes to data acquisition with its distinctive gold ECUs and a philosophy of engineering excellence. MoTeC has grown from a modest home workshop producing a screwdriver-adjusted ECU in the late 1980s to world leaders. MoTec now has over two hundred dealers worldwide. MoTeC has become synonymous with motor racing success in almost every category across the globe.

MoTeC was initially adopted by sport sedans and road-registered vehicles but has since been picked up by the majority of motorsport categories worldwide such series as Le Mans, ALMS, NASCAR, FIA GT, Australian V8 Supercars, Indy Car, Dakar Rally, World Superbikes, Professional Drag Racing including Top Fuel and Sport Compact, Porsche Carerra Cup, Star Mazda USA, TC2000 Argentina, World Rally, Group N Rally, GP Masters, Formula 4000 and Formula Ford. MoTeC systems have also been put to use in military vehicles and commercial automotive test facilities. - (Motec.com, 2017)















1.3. [bookmark: _Toc498704942]Driver specimen.

There is a common misconception outside of the engineering world that racing drivers are not athletes. This is not true. When the word ‘athlete’ is uttered we immediately think of fit men and women who can run, hit hard, go for longer and are generally at the peak of physical fitness such as Usain Bolt and Dame Jessica Ennis-Hill and Cristiano Ronaldo. 

Formula one drivers are constantly exposed to high G forces. During the Spanish GP 2008 Hekki Kovalainen crashed out at 160mph (257kph), a collision at this speed causes the body to decelerate at 26G or 26 times your body weight. While cornering a driver can expect to experience around 5G, even more in the 2017 breed of car (see figure). The most vital part of the human body, the head, is supported by the neck. A common injury is whiplash, It occurs when the soft tissues in the neck become stretched and damaged. (nhs.uk, 2017). 
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[bookmark: _Toc498472944]Figure 3; Image from Formula 1 illustrating the increase of G force from 2016 to 2017. - (Formula One, 2017)


Racing drivers also have to the distance. In most sports athletes are allowed time to have a break, half time, in motor racing this isn’t very common. Endurance racers have breaks but this is because they tend to race for extremely long periods of time. Average human beings have a resting heartbeat of 70bpm, this will usually raise to around 130-150bpm which exercising. Racing drivers tend to have a lower resting heartbeat of around 45-50bpm. On the grid awaiting a race start racing drivers can reach 185-200bpm. Dehydration also plays it part, especially at high demanding races such as Monaco, Singapore or Malaysia where the heat and concentration levels are extreme. Temperatures in a racing cockpit can reach up to 50 degrees C. Drivers can sweat off anything up to 3kg of their body weight during the course of a race. (Revolution, 2014). 

The arms and legs are put to the test also. Some race cars have power assisted steering, this doesn’t make the steering incredibly light like some road cars however. Since weight in racing is important drivers need to have strong but not bulky muscles. This is why athletes such as Calvin Johnson can look like a god, because in his sport (NFL) weight is not important. The legs of a racing driver come under similar scrutiny. Many open wheel, single seater race cars tend to have a slim line cockpit. If the driver were to have big bulky legs then the aerodynamics of the car would suffer due to the increase in cockpit size. The paradox however is that racing drivers needs to have strong legs. To stop from approximately 200mph the driver needs to generate 80KG of downward pressure on the brake pedal, usually with just his left leg! 

Finally the brain of a racing driver. The brain will be fully engaged, concentrating, from the out lap to the grid to warm down lap after the chequered flag. Many drivers will enter a sort of meditation state before a race, focusing in their mind the track, the apexes and possible overtaking opportunities. The racing drivers mind is constantly focused during a race. Focused on everything from the racing line, braking points, other drivers, strategy and trying to focus on only the important parts of information relayed to him via the radio.  (Auty, 2008). 



 
2. [bookmark: _Toc480752408][bookmark: _Toc480752443][bookmark: _Toc480796594][bookmark: _Toc498704943]Methodology

2.1. [bookmark: _Toc498704944]Test plan

Test plans are crucial for any form of testing. A test plan can help reduce the amount of time used for testing, time is money after all and most companies do not want to expend money when it could be used in more valuable areas. Therefore most tests have a test plan. Test plans are used to ensure all aspects are tested during each phase of the process. Since the development process is constantly evolving, developers need to be aware of what was tested. (Bissonnette and &rarr;, 2017) 

The test plan used for the project is relatively simple. It has been designed to ensure that both the driver and engineer can easily keep track of what has been done and what still needs to be done. The test track selected is Brands Hatch GP circuit, the car that is being tested is a GP2 formula car. This track and car were selected by the driver in correspondence with the test engineer due to the driver’s familiarity with the track. Below the test plan has been laid out in bullet point form;

· Driver gets in car and has a few laps to find his feet, no data is being collected at this point.
· A setup change will be made, front anti roll bar will be put to its lowest setting for example, the driver will then do 5 laps trying to be as quick and consistent as he can be.
· Once the driver has completed his 5th lap he will be instructed to enter the pits to end the run.
· The driver will then answer a questionnaire to determine how the setup change effected the cars performance, handling and his performance. 
· Another setup change will then be made and the process will be repeated. 
· After all changes required have been made the driver will comment to the engineer on which setup he felt most comfortable with and which setup he would recommend. 
· The data will then be collected from software by the engineer. The engineer will then analyse the data and show the driver where he is losing time in each setup.


3. [bookmark: _Toc480796611][bookmark: _Toc498704945]Results
3.1. [bookmark: _Toc498704946]Driver initialisation 

The driver was placed in the simulator for an initialisation. The initialisation was for 10 laps. The driver was instructed to be as consistent as possible. The initialisation is important for both the driver and engineer in order to get a clear view of the driver’s current level of performance. The data collected has be inserted below;
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[bookmark: _Toc498472945]Figure 4; Screenshot from MoTeC i2 pro illustrating the maximum longitudinal G force occurred during the initialisation. [image: ]
[bookmark: _Toc498472946]Figure 5; Screenshot from MoTeC i2 pro illustrating the maximum lateral G force occurred during the initialisation.
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[bookmark: _Toc498472947]Figure 6; Screenshot from MoTeC i2 pro illustrating sector times, times through corners, straights and overall lap times.
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[bookmark: _Toc498472948]Figure 7; Screenshot from MoTeC i2 pro illustrating throttle position on the quickest lap.





[bookmark: _GoBack]Above is a portion of the data taken from the initialisation. The graphs created shown in figures 4 and figure 5 show maximum longitudinal G force (Red) and maximum lateral G force (Black). As both the graphs show the maximum G force was achieved on lap 9. The maximum long G was achieved in turn 3, a quick left hander which indicates that the driver attempted to carry more speed through the corner. This is backed up by the timing sheet shown in figure 6. The driver lost two tenths going through the corner. This however is not catastrophic because the driver gained one tenth on the straight leading up to turn 4. 

The maximum lat G was also achieved on lap 9. The maximum lat G was achieved in the braking zone into turn 2, a tight hairpin. This would indicate that the driver carried more speed through turn 1 to maximise speed on the straight between turn 1 and 2. This is backed up by the sector times through turn 1 which is quickest on lap 7 and lap 9.

Finally, is figure 7 which is a histogram illustrating throttle position on the quickest lap. As the histogram shows the driver is on full throttle for around 63% of the lap. Being on full throttle is important for a driver because it means the driver is using the maximum possible power from the engine. It can also signify that the driver is braking later as well as getting on the power as quickly as possible. 
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01/11/2017, Edlectic ' Rolling Minimum l236. 14

] 11:44:29, (Exported from rFactor Data Acquisition Plugin v1.3.2.0) [215.44

g’ Lpl | Lop2 | Lap3 | lap4 | Lep5 | lap6 |Mlep7 | Lap8 | Lap9 | Lap10 194.74

@

174,05,
153.35;
132,65,
111,95,
91.25,
7055

str0-1 (End) [RRRERd 0:01.981 | 0:01.858 |IRIRCRCRRREE] 0:01.965 | 0:01.831 0:01.883 | 0:01.870 | 0:01.887 | 0:01.831

Tum1 | 0:02.999 068 | 0:03.04 | 0:03.015 | 0:02.971 | 0:02.801 | 0:02.612 0:02.730 |HERY 0:025837 | 0:02.612
str12 0:03.999 | 0:03.982 | 0:03.863 | 0:03.762 0:03.891 | 0:04.000 | 0:03.908 | 0:03.762
Tum2 | 0:05.776 | 0:05.785 [ 0:05.664 |HEREAY 0:05.506 0:05.857 | 0:05.8% RO 0:05.506
st23 0:00.616 | 0:00.591 | 0:00.602 | 0:00.59 | 0:00.574 0:00.579 | 0:00.585 | 0:00.547 | 0:00.547
Tun3  |0:04.701 0:04.655 0:04.650 0:05.000 | 0:04.606 | 0:04.543 | 0:04.422
s34 | 0:04.037 0:03.952 | 0:03.950 | 0:04.024 0:04.030 | 0:03.977 |CRERELY 0:03.858
Tum4 | 0:04.478 | 0:04.442 |0:04.135 | 0:04.248 | 0:04.219 | 0:04.297 |EEEREERY 0:04.384 | 0:04.243 | 0:04.135
str45 0:08.746 0:09.640 :09.155 0:09.086 | 0:08.746
Tuns | 0:03.639 0:03.212 0:03.366 | 0:03.165 | 0:03.503 0:03.078 | 0:03.078
St56 | 0:02.932 | 0:02.685 | 0:02.654 | 0:02.728 | 0:02.724 | 0:02.673 0:02.726 0:02.572 | 0:02.572
Tumé | 0:02.37% 0:02.158 0:02.172 | 0:02.047 | 0:02.053 | 0:02.200 0:02.000 | 0:02.000
St67 | 0:04.542 | 0:04.316 | 0:04.427 | 0:04.350 | 0:04.304 | 0:04.258 | 0:04.154 [ 0:04.512 0:04.301 | 0:04.154
Tun7 | 0:02.041 | 0:01.977 | 0:02.116 | 0:02.055 | 0:01.912 | 0:01.841 | 0:01.826 || 0:01.860 0:01.779 | 0:01.779
St78 | 0:02.245 | 0:02.279 | 0:02.473 | 0:02.354 | 0:02.239 | 0:02.247 02.267 | 0:02.132 |
Tum8 [ 0:03.069 | 0: 0:03.006 | 0:03.031 | 0:03.018 | 0:02.912] 0:03.880 | 0:02.912
sw89 | 0:05.212 0:05.007 |ERERELY 0:05.322 | 0:05.14 0:05.855
Tun9 | 0:02.507 0:02.432 | 0:02.471 | 0:02.383

SU9-10 | 0:00.847 | 0:00.834 | 0:00.833 | 0:00.898 | 0:00.843 | 0:00.804| 0:00.822 | 0:00.832

Tun 10 | 0:00.366 | 0:00.362 | 0:00.361 | 0:00.381 | 0:00.367 | 0:00.349 0:00.359 | 0:00.360

Str0-1(Start) | 0:04.844 | 0:04.845 | 0:04.867 | 0:04.950 | 0:04.734 | [[ERRECRRN 0:04.835 [CRRRALY 0:04.847 | 0:04.734

Totals 1:11.749 | 1:10.630 | 1:10.008 | 1:10.452 | 1:10.068 | 1:09.977 | 1:09.414 | 1:10.822 | 1:09.969 | 1:10.539 | 1:07.305 1:08.419

mTime -7:00.888[s]  Distance -23239 fm] Laps

4 00:

15/11/2017
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