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1. [bookmark: _Toc36013958]Introduction
This group project is the start of a dynamically correct motorcycle simulator. There are many examples of a motorcycle simulator on the market, some being fully developed simulators which have complex control inputs, others being just games on gaming platforms. This report will explore what is previously on the market, the advantages and disadvantages that they possess and the similarities between each of the simulators that can be used to benefit this simulator. 
It will look in detail at the accuracy of one of the motorcycle simulators, this will be done by comparing data collected from a previous that occurred in real life and the data collected from the simulated motorcycle on the game MotoGP 18. It will determine the accuracy by analysing how the bike reacts during different dynamic situations such as braking and accelerating at notable parts of the Silverstone track. 


2. [bookmark: _Toc36013959]Research
When looking at motorcycle simulation there are two distinct features that separate each example. These being the software and hardware, hardware being the control input. This distinguishes the accuracy of the simulation as using a controller will provide different results than using a fully designed rig that re-enacts what occurs dynamically to the motorcycle as it is racing around a circuit. 
[bookmark: _Toc36013960]2a. Software
There are many apps and under-developed games that could have been included in the research which have been tested personally but do not compare to the higher level of simulation that the simulations below offer. After testing multiple simulations, a brief conclusion was drawn which is they are much harder to control and realistically set comparable time. 
[image: Image result for ride 3]Ride 3 is the most generic simulation found as it has multiple tracks and motorcycles that can be used. It is not so much a competitive racing game as it has multiple modes, some of which you can just practice riding around a circuit as if on a track day. There is no apparent racing line as from experience it only appears when braking. The is a heavy focus on customizability of the motorcycle, such as colour of the motorcycle and leathers on the rider. The set up of the motorcycle is changeable but does not have a very effective change in how the motorcycle performs. [bookmark: _Toc36249045]Figure 1: Ride3 game logo

[image: Image result for iom tt game 2]The Isle of Man TT game provides a suitable recreation of what occurs on the highspeed roads. The game has more customizability than the previous stated motorcycle game, and has a notable effect of the performance of the motorcycle. Although without rider aids the game becomes very difficult to control and displays many cutscenes of crashes. Mostly created for profit the game has a multiplayer option in which you can race with multiple online players. Despite this the conclusion that non-motorcycle riders perform better in the game than actual riders are correct.[bookmark: _Toc36249046]Figure 2: Isle of Man TT 2 game logo

[image: Image result for MotoGP 19]MotoGP 18 & 19 have provided a simulation that somewhat a very good recreation of a real-life race as without much practice the motorcycle is hard to control, and it is very easy to invalidate the lap due to leaving the track at some corners. However, because of this invalidation the accuracy of the simulation is lowered because it does not account for straights in which the motorcycle touches the white line for mere seconds. Once again, this simulation was created for profit rather than accuracy. [bookmark: _Toc36249047]Figure 3: MotoGP19 game logo

[image: Image result for gp bikes]The final example of a motorcycle simulator is GP Bikes. This is becoming increasingly popular because it wasn’t created as much for profit and provides the most accurate simulation of all the simulators previously stated. The input controls for this game can be changed from keyboard to controller, to virtual reality options. The motorcycle itself is very hard to control with just using the keyboard but the customizable sensitivity options allow the user to change the sensitivity according to their ability. The program itself is easy to reprogram differently to change certain aspects.[bookmark: _Toc36249048]Figure 4: GP Bikes game logo

  
[bookmark: _Toc36013961]2b. Hardware

[image: EF-Bike / Motorcycle Simulator][image: ]The control input for most of the motorcycle simulators is a controller or a keyboard. This allows a limited amount of control as the motorcycle simulator should be controlled both by turning the handlebars and leaning the motorcycle. It is significantly hard to do on a keyboard but is easier when using a controller. [bookmark: _Toc36249049]Figure 5: Example of LeanGP simulator
[bookmark: _Toc36249050]Figure 6: Example of ECA Group simulator

[image: ][image: ]Above are examples of motorcycle simulators from Lean GP (https://leangp.com/en/) with a basic motorcycle rig. As shown, they use a base plate that’s connected to the top part of the rig, this along with sensors and springs allows the rig to move left or right to simulate leaning in the game or simulation. [bookmark: _Toc36249051]Figure 7: Example two of MotoTrainer Simulator
[bookmark: _Toc36249052]Figure 8: Example one of MotoTrainer Simulator

[image: ]This is MotoTrainer, an advanced example of a motorcycle simulator. It is different to the previous examples because the rig is a full motorcycle. It uses a bottom plate that moves left or right according to the on-screen simulation. The rig is still connected to a bottom plate that leans the whole bike, most notably this company have added curbs either side in order for the user to put their knee down. Much like the two previous this one uses a screen to display the simulation. [bookmark: _Toc36249053]Figure 9: Example of Cruden simulator
[bookmark: _Toc36249054]Figure 10: Example of WIVW simulator

[image: Image result for cruden motorcycle simulator]The photos above depict a similar design to the photos before them. These models are more advanced than the previous because they have been produced as a one-off project, so more work has been put into them as they’re not meant from commercial use. The left photo depicts a rig that uses a base plate, but also rear support connected to the user. Though not much detail of this simulator can be found on the Würzburg Institute for Traffic Sciences’ website (https://wivw.de/en/research/motorcycle-research), it is stated that this simulator isn’t for racing but rather rider safety whilst on the motorcycle. It is unclear whether the rear part of the rig benefits the simulation or if it is just in place for support, if it does however it could be a useful addition or option for this simulator. 
Pictured right is the Cruden motorcycle simulator, this is believed to be the best simulator on the market. Unlike all the other simulators it has the ability to move along all six degrees of freedom. This is very important as there are no limitations to what way the motorcycle can move, programmed correctly can very easily recreate what would happen to the motorcycle in dynamic situations such as picking up the front wheel when the motorcycle in the simulation is accelerating.
For the simulation that this group project is creating there are the multiple options that can be used for this. If the group decides whether or not the rig has to move there are two options. The first being the rig moving and using hydraulic cylinders to control how much the motorcycle leans. This is the best option for the simulator because it will provide the most accurate recreation. 
[image: Hydraulic Cylinders - Hydraulic Cylinders Repairing Manufacturer ...]A base connected to four or more hydraulic cylinders would be the best to use. Even if a full motorcycle wasn’t used for the rig, the four hydraulic cylinders could still be attached and used to move the rig. The hydraulic cylinders that are going to be used will look like the ones shown below. [bookmark: _Toc36249055]Figure 11: Example of the hydraulic cylinder that could be used

[image: Strain Gauges | Electrical Instrumentation Signals | Electronics ...]If it is decided that the motorcycle rig will not move, then the options for the rig become more complicated because the motorcycle simulator will not be as accurate. An option for measuring the input of steering and leaning will be measuring the torque on the handlebars, this will use an ideal lean angle equation but will not be accurate. However, there could be more options than what the group thinks as the pressure from leaning against the tank could be used alongside the torque from the handlebars to simulate the motorcycle leaning. As there are many factors that govern the way the motorcycle moves from left to right there are options as to how the lean angle can be calculated, with strain gauges on the tank the amount of pressure the rider is putting on the tank from their legs and thighs can be used to initiate movement of the simulation. 				Input Solidworks screenshots here of the drawn simulator rig[bookmark: _Toc36249056]Figure 12: Diagram of the type of strain gauge that could be used


3. [bookmark: _Toc36013962]Comparison 
[image: ][image: ]Data from the motorycle game MotoGP 18 has been recorded using a separate data software called Sim Racing Telemetry, shown in the photos taken from the app there are pre-plotted graphs that display the data. It is being compared against data from a similar class of motorcycle racing as this data is from the Supersport 600 cc class whereas the simualted data is from the Moto2 600cc class on the MotoGP game. The simulated data for each comparison of channels is on the top. [bookmark: _Toc36249057]Figure 13: Measured RPM channel
[bookmark: _Toc36249058]Figure 14: Simulated RPM channel

[image: ][image: ]For the RPM channel, the simulated data is very erractic and does not ressemble the measured very much. However, there are some similarities to the measured data as it is clearly shown that when the RPM lowers at certain than so does the simulated data, although from the simulated data it is apparent that the RPM on the game changes more drastically than would would actually occur. [bookmark: _Toc36249059]Figure 15: Measured velocity channel
[bookmark: _Toc36249060]Figure 16: Simulated velocity channel

This comparison is very surprising as the velocity of the motorcycle on the simulated data traces the measured data very closely. Determining that the speed for this simulated is almost correct to what the measured data has recorded, this may be because they have used similar methods to calculate speed of the motorcycle. The corners and the straights are in the same pattern as the real data however the simulated data must brake and accelerate sharper than that of real life as the trace is a lot harsher than the smoother data trace. 
The two data column below shows the motorcycle shifting gears as it progresses around the track. It does not match up as well as some of the other channels have but there are some similarities between the two. As show the simulated data and the real data both show the riders starting in fifth gear but after that the simulated data shifts up rather than down which the real data does. The difference is caused by the input of gears into the simulator because with the real data the rider will shift up and down gear through choice whereas shifting gear in this simulated data is done by the simulator. [bookmark: _Toc36249061]Figure 17: Measured gear channel
[bookmark: _Toc36249062]Figure 18: Simulated gear channel

[image: ][image: ][image: ][bookmark: _Toc36249063]Figure 19: Measured throttle channel
[bookmark: _Toc36249064]Figure 20: Simulated throttle channel

[image: ]Finally, the last comparison is between channels is the throttle trace. This is the most similar data traces after the RPM channel, as shown above, the point at which the throttle trace reaches its maximum are the same for both the simulated data and the measured data. When the rider in the measured data opens the throttle, the simulated data is a mere few seconds behind. Once again like the RPM, the simulated data is much harsher when going from 0-100%, showing that the simulated data doesn’t fully measure the throttle trace. 

[image: ]

[image: ][bookmark: _Toc36249065]Figure 21: Measured MAX & MIN velocity values

[bookmark: _Toc36013963]The measured value for the minimum velocity was 59.1 km/h and the maximum was 253.9 km/h where as the simulated value for the minimum velocity was 61.0 km/h and the maximum was 266.9 km/h. That makes a difference of 1.9 km/h for the minimum value of velocity and 13 km/h for the maximum value of velocity. This is expected since the simulator is the perfect performance from the motorcycle and input from the user whereas the measured data is only as good as the motorcycle and the rider. [bookmark: _Toc36249066]Figure 22: Simulated MAX & MIN velocity values
[bookmark: _Toc36249067]Figure 24: Simulated throttle track map
[bookmark: _Toc36249068]Figure 23: Measured throttle track map

[image: ][image: ]


The very final comparison between the simulated data and the measured data is the track map using the throttle channel. Although there are some inaccuracies in the simulated track map it is close to the measured throttle track map, as shown above the closed throttle positions are in the same places as the measured data. Much like the comparison between the minimum and maximum velocities the simulated data is idealistic as it shows the throttle being 100% open for much longer down Hangar Straight than in the measured data, this is the same for the Wellington Straight. Along with this, there is very little shading to show when the simulated user has the throttle open between 0% and 100% which is not the case in the measured data but unlike the simulated data the rider will not just change between 100% or 0% throttle. 


4. Results 
The results of the comparison between the simulated data and the measured data show that the MotoGP 18 game is more accurate to real-life occurrences than previously thought. Taken from the velocity channel the data trace almost matches the data trace from the measured data. There are some similarities between other channels such the throttle channel and RPM channel, but otherwise the gear channel is not accurate. When looking at the minimum and maximum velocities and the throttle track map it is clear to see that the measured data is idealistic as the velocities are higher than the measured velocities and the track maps show that the simulated data leaves the throttle open at 100% down some of the straights when the measured data does not. This explains the difference in time between the simulated data and the measured data, as the measured data lap time is 2 minutes and 17 seconds whereas the simulated data lap time is 2 minutes and 7 seconds. 

5. [bookmark: _Toc36013964]Conclusion
In conclusion, there are many simulators already on the market both for commercial use and training purposes. All of which use different methods of measuring the lean of the motorcycle. It would be beneficial to use both hydraulic cylinder and strain gauges to aid measurement of torque from the handlebars to measure the user input for leaning and counter-steering. 
From the comparison of the simulator hardware, most of the simulators use screens in front of the rig or around the rig to simulate the motorcycle racing around a track. There is only the Cruden motorcycle simulator that uses virtual reality. After looking into the software that would be used alongside the hardware it is concluded that the Oculus Rift will be the best virtual reality hardware to use. Although most of the screens move as the rig moves, for this simulator this would be unnecessary and less accurate. 
The accuracy of a basic simulator used for gaming there was a discrepancy of 10 seconds. This is important as it was an idealistic example of a lap around Silverstone completed on a basic game. The comparison between the measured data and simulated data channels were very similar for some and very different for others, but not by a huge amount, proving that simulating a motorcycle can be completed. It shows that with detailed calculations you will be able recreate the lap times completed on any bike on any track. 
[bookmark: _GoBack]The conclusion drawn from the group project itself overall, it was not very successful as if the current circumstances hadn’t occurred and there was more time, much more could have been completed. There is an unfinished motorcycle rig with hydraulic systems connected made in Solidworks that could have been used. Despite this, my aim to practice reading data more and using other software’s like Motec was achieved. 
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