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Abstract 
This paper looks at the traction control and its application using real data. The data that was used is the flying lap on the race track Motrgi using a Yamaha M1. This paper shows some formulas that can be used to calculate various parameters such as wheel slip and the reduced mass. This paper will also look at current technologies that are being implemented in both commercial and competitive racing senses. It will discuss the advantages of these technologies in competitive racing and how they are moving forward. It will also include details and analysis of several systems and sensors in relation to one another for example the ECU throttle percentage compared to the ignition cut and if there is a relation between the two. Also included in this paper is examples of the advancements of traction control systems and how these changes will improve the competitive racing motorbikes and how the regulations and monitoring of these regulations will have to change to accommodate for the advancements in these systems and why this may become a major and more vital part of competitive racing.  
Introduction  
Electronic control systems and sensors are being updated and changed all the time, these systems get changed for many reasons and this paper will look at some of these systems and how they are and can be implemented into competitive racing. The two main systems that are analyzed in this paper are the traction control system and braking systems. These systems are being analyzed due to the importance of these systems in racing as during these races with motorbikes that are getting more powerful and faster these systems that can and will help with keeping these machines stable and keeping the rider as safe as possible must be updated and maintained. Looking at the traction control system, of which the purpose is to maintain traction and do everything in the motorbikes power to maintain traction. If this systems was not in place with the current machines then there is a larger possibility of riders losing control and falling from the motorbike which could cause possible harm to the rider. These systems are very important and need to be updated as the motorbikes get more and more powerful. This paper will look at how these systems are changing and why and if braking systems such as ABS should be implemented into Moto GP. Braking systems are being updated all the time with regards to the safety of riders both in some competitive racing and regular riders on the roads. These braking systems are here to keep riders safe and to keep the motorbike stable so implementing these into a racing environment would have great advantages. There are several formulas in this paper to show how to calculate slip which is a very important part of understanding what these machine can do and why.
Current Technologies 
Traction control is a system in a vehicle that uses the data from various sensors on a vehicle to determine the conditions of the wheels such as if the wheels are slipping and spinning up. Some sensors that are used are the wheel speed sensors, the sensors that are used are hall type sensors, these sensors use the changing in magnetic fields to produce a voltage this change in voltage tells the ECU what the sensor is and machine is doing. This is more apartment in racing with any vehicle as the acceleration and deceleration are extreme and thus due to this extrema wheel spin and slip which could be more apparent and detrimental if the vehicle were to slip out, so having an ECU that monitors these sensors and implements the traction control when required is a must. In most situations in racing the throttle is generally fully open when the racer is acceleration. When an ECU detects that the values from these sensors reaches a set value then one of several things could happen such as the brakes are slightly applied to the wheel that’s slipping to allow for traction to be regained, this is an important feature and is used under all dynamics of the motorbike such as accelerating and deceleration. These are the two most prominent points of traction control as these are the two points were the motorbike can lose control, as shown in figure 1 it’s clear that when the throttle demand is at 0 percent however the ECU throttle control that is actually being used, it shows that at this point to prevent slipping or the locking up of the wheels that the throttle is at a higher percentage rather than 0. This is a major point that the ECU has decided that using the sensors that it has been programed to monitor that some throttle is required to keep the motorbike steady and stable so that the ride can brake to the required speed as safely and efficiently as possible. Equally the system may cut one of the cylinders or regulate the fuel dependent on how dire the situation is and how fast the ECU believes the traction control needs to be implemented. This is due again to the sensor readings and how fast they are changing by cutting the ignition this shows the fastest way for the ECU to regulate the power that the motorbike is applying to the roads surface and to help the motorbike regain control. As shown in figure 1 it shows how the throttle and ignition cut are showing a clear relation as when the ECU throttle begins to reduce the ignition gets cut.  Looking at the graph it’s clear that when the ignition cut is being implemented is during the acceleration phase of the race and looking at figure 2 which shows the front suspension with the ignition cut, it clearly shows that the suspensions is beginning to lift so the motorbike is beginning to slip and therefore the ignition is attempting to accommodate this and to regain traction by getting the front wheel to regain more contact with the tracks surface. This is also one of the fastest ways to do this and implementing the brakes may cause various problems however in most situations cutting the ignition is the fastest way and therefore is usually implemented first. 
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[bookmark: _GoBack]Traction control is also implemented when in corners as to prevent sliding out and to keep the riders safe to the best of the machines capability. Corners may not have such extreme acceleration and deceleration however the forces that are being applied change as the motorbike will be leaning over to some extreme values in some cases. Using traction control here will aid the riders and to keep them safe, however the system still works using the same principle as mentioned before the only difference is the lean angle of the motorbike. This would mean that if the ECU decided to apply a large amount of brake due to the lack of traction then the rider may fall or lose control of the motorbike, so again cutting the ignition at this point would be far more advantages and safer than applying the brakes to the slipping wheel. Corners are more complex than straights due to the change in forces that the motorbike and the rider will experience during these parts of any race and will equally looking at the systems that will be used to improve the stability around corners. Corners require stability as going at the best constant speed to best maneuver a corner would produce the best speeds and times that a rider can do. This will mean the team will be as fast and perform to the best of their abilities.
Slip is an important part of racing and driving and understanding this and what the wheels and vehicles are doing is a major part of any problem. Slip can be calculated using the following formula:

In this equation K represents slip, Rw represents wheel radius, ω wheel angular velocity and V is the longitudinal velocity. In Figure 3 which shows slip in the graph as well as throttle percentage it’s clear that by looking at the graph there is a relation between the two as shown in some of the spikes in slip percentage and the changes in the throttle percentage regardless of what the rider has demanded for. Again when it comes to traction control slip is the main feature as the ECU reads these sensors to determine how drastic the slip value is and if anything needs to be done like cutting the ignition to one of the cylinders or not. There will always be a percentage of slip no matter the occasion however the ECU will be programed to have a set range in which the ECU must abide by. So the range of slip cannot exceed as an example 110 percent or lower than 90 percent, these values are just examples but if the ECU detects that the slip percentage is reaching these values and dependent on the speed of which the slip is reaching these values then the ECU will do something like cut the ignition or apply the brakes to the slipping wheel. Looking at figure 3 which shows the ECU throttle and slip against time, it shows that there is a clear relation in the sense that as the throttle decreases so to does the slip percentage. By looking at the graph it shown that as the spike from the slip goes down the ECU levels out a throttle to combat this drastic change and the speed at which this spike occurs. 
Acceleration and deceleration can be calculated by using the same formula and there are many different ways of calculating these parameters it’s also a simple task to incorporate other variables to gain a more accurate reading. For example when considering the weight of the vehicle using the static weight value wouldn’t be realistic in most situations so using the reduced mass which takes the inertia of rotating components is a more accurate way of doing things. The moment of inertia is calculated as it is one of the key components in giving a value which can then be used to calculate the reduced mass of the vehicle.  However looking at the acceleration and deceleration and its resulting value from the equation is that if the resulting value is positive then the vehicle is accelerating, equally if the value is negative then the vehicle is decelerating. Understanding what the dynamics of the motorcycle is doing and under the conditions such as acceleration and deceleration is an important feature when looking at control systems and strategies such as traction control.

Were A is the acceleration or deceleration dependent on if the value is negative or positive due to the value being negative indicates a deceleration. F is the force such as a driving force of the vehicle with the resistive forces taken into account for the best accuracy. Finally M is the mass of the vehicle which using the reduced mass equation should be this value instead of a static mass value. 
So the reduced mass is calculated with the following formula 
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This formula can be continued hence ETC were the inertia of the part in question is calculated by taking the mass of the rotating body and multiplying it by the square of the radius of the same rotating body in question. These values are then added to the static mass to give the reduced mass which for accuracy is the better value to use.
Traction control systems can be used to implement many strategies in racing and can therefore be very useful and could even tip the scales in a riders favor. This means that as time passes and the control systems get more and more advanced and will be able to aid the riders to performing better and faster than what they could achieve without these systems however then they need to better be regulated and monitored. This is due to the advancements of these systems and how far they may be able to go so having a motorbike that can almost ride itself would be against the regulations however how close can the teams get?  These strategies are implemented throughout a race so with the straights the traction control system helps to reduce the slip in the wheels and as such under heavy acceleration which is what the case is generally when racers are entering straights. The figure 1 shows that although the rider has asked for 100 percent throttle only a fraction of that is given initially this is due to the computer analyzing the sensors and determining how much throttle would be best to implement without a major risk of wheel spinning and slipping. This strategy is a great thing to have as if this was not the case the motorcycle wouldn’t keep traction and would therefore be slower than other riders of whom had this system in place, this is a key point in the sense that although the riders may be of equal skill this system shows that the rider who has it may have the greater advantage. Equally this is true when deceleration is being implemented as the speeds the motorcycles are going and the distances from a corner for example and the best speed to maneuver this corner must be attained and sometimes under heavy braking and at this point the wheels slipping is a major concern and could cause the riders to fall from their motorbikes and sustain possible injury. So using traction control at this point is also another strategy where the system regulates the brakes or injectors to allow the motorbike to slow its speed without any major issues. Alternatively looking at the past it also means that riders may not have to think about these things like keeping traction anymore, whereas in the past when these systems where not used or even a very early system, at this point it was the riders responsibility to maintain and control these things with the best of their ability so that they could complete the race with the best possible place at the end. It shows that as technology has changed so too has the skills that the racing riders require and how they now function differently to compete in these races. These changes in skills may not be notable from looking at the races but they are there but as technology has changed so too has the motorbikes speeds and power so looking at this the traction control system for example looks almost like a compensation for this increased speeds and powers that the newer riders have to deal with. 
Looking at using a braking system would equally be a viable strategy as keeping these machines stable is a very key point as without stability in the racing environment with the extremes that racers go to stability is needed so by having a braking system that can give greater stability can only be an advantage in competitive racing. 
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)Further Developments
Further developments in the industry are always going to be happening and as laws and regulations change so to must the industry. The trouble is how to regulate these changes in terms of racing, as computers and control system get more and more advanced the issues with using them in a race capacity comes into question and these regulations that must monitor which and how advanced the control systems that are being used. However to monitor and regulate them an understanding of their purposes and functions must first be attained for without understanding and knowledge then the regulations may seem both foolish and meaningless.  Other developments which are being implemented in the industry for commercial use is a sliding mode controller which is designed to maintain slip at a given value. To accompany this is a sliding mode observer which is used to monitor the vehicles velocity for controlling slip the idea for this system is to improve traction performance. The system does this by using the values from the sensor similar to other traction control systems however it will be more accurate and activate faster which in turn gives for a better traction control system. This has been tested on an electric low capacity car with great effect the idea was with new regulations for emissions and environmentally friendly vehicles to be produced then wasting engine and conserving it would be a good option. Although with traction control system wouldn’t help the issue greatly it can help a little and therefor is a viable option. It is believed that this new system will conserve more energy than its current counter parts. This idea was shown in the following paper [1] during the tests that were implemented in this endeavor with aim of improving traction control system and to improve traction when acceleration on slippery surfaces such as in wet condition proved to have advantages. Looking at the traction control systems and how useful it would be to have a system dedicated to the track condition being wet would be a great advantage for the riders.  
Other system that could be used and are in development are braking stability programs. Braking systems such as ABS are not allowed in Moto GP but can be used in other competitive racing environments and as the technology changes and the motorbikes get more powerful then these systems may need to be considered as something that may get implemented. This program has been in development for many years now and will continue to change, the initial idea for this program to be implemented into motorbikes was due to the increase in motorcyclist fatalities in traffic accidents and that if the motorcycle was more stable under such heavy braking more lives could have been saved. Accidents like these are not a major part of Moto GP however heavy braking is and keeping the motorbike as stable as possible would increase the amount of braking that could be applied due to systems such as a traction control system from interfering but also allow the rider to have a smoother racing line and to give the rider a greater chance at performing to the best of their abilities. The paper [2] shows how this system could reduce fatalities and why. In terms of Moto GP having stability under braking is crucial and could greatly change the outcome of a race due to the stability when entering corners and even on the approach to one. This is a key part and staying stable in the racing environment is a major concern especially in Moto GP as if the rider loses control then the rider may fall from their bike and the outcome of the race will not be in their favor. The harshness of the braking and accelerating that occurs in any form of racing is the most crucial part and mastering these two function could mean the difference between winning and losing, so having systems that help with this like traction control and braking stability programs could give a rider the advantage in any race. The paper [2] also brings up a very important question as quoted “These current control systems control the longitudinal forces on each wheel but have no direct effect on the wheel side forces.” This bring up a very good point on the dynamics of a motorbike and keeping the vehicle stabile under such extreme condition. Stabilizing the motorbikes from all of the forces is an almost impossible challenge however reducing them is slightly easier. Stability is a key part of all competitive racers for if the motorbike isn’t stable then the full potential of the machine cannot be used, equally if the rider feels that the motorbike isn’t stable then they may not perform as greatly as they might be able to. Having these systems is again going to need regulating and might be very difficult to monitor.                                                       
Conclusions
In conclusion this paper has shown and discussed various systems, their uses and how the industry will continue to change. However looking at the rate at which technology is changing it is very clear that in regards to competitive racing and other racing categories across the board, new regulation will have to be implemented and monitoring these regulations might be a very difficult task. Traction control systems are a very key part and without this control system in place with the power of the motorbikes that are being used on the tracks riders may lose control of their motorbikes or even fall from them so continual improving this system is always going to be a benefit to both the riders and the teams. But changing regulations for things such as ABS in Moto GP may be something that is considered over the next few years. Looking at the graphs and the ideas discussed it is clear that the traction control systems operates using various sensors and the ECU is the most crucial part of the system and as the ECU can react faster than any person. This is a great opportunity as technology improves and changes new systems might be invented or updated into something that could solve many of the issues that these systems and many more have and how to accommodate for the changes into the physical motorbikes. It is also believed that the best way to improve the competitive racing environment and its technology is to look at the commercial industry. The commercial industry focuses on making motorbikes safer and more stable, the systems that it’s using and trying to improve and therefore using these technologies into the competitive racing environment would over the next few years will greatly improve the racing environment and the speeds and forces that both the riders and motorbikes will be under.  
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