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Introduction
Formula 1 Racing are often crucial and accurate to the race final standings. Due to the mass growth on technology over the years it has given Formula 1 different and many clever strategy choices that might change positions in the final standings.  This is where the reliability and use of simulation comes in to gather data and figures that will be gathered during a Formula 1 race. Simulation has become much more crucial in the last couple of years due to the growth of the sport, Technology changes within a Formula 1 car itself and because of the many more races and new tracks that are now included in a Formula 1 Grand prix championship season. Simulation models can be used to gather most on track information such as from the circuit, cars and drivers. This report will discuss the full extent of how far Formula 1 simulation has come by giving a full background of the history itself which will provide many answers as of how important simulation has been to the growth of the sport which will be followed by mainly 2 Simulation models used to gather information and data.
Drive in Loop & Computing Simulation
Testing Formula 1 cars on track or wind tunnel is very limited due to the amount of time give and information it gathers. This is why Formula 1 team rely on gathering information and data through the virtual world more than ever by using the power of simulation. Simulation has been given a bigger part within Formula 1 recently especially through the 2020 season due to the many new track that are on the calendar. 
There are 2 main Simulation models Formula 1 use to help them prepare for a Grand Prix race weekend, DiL also known as Drive in Loop and Computer simulation. DiL is simply known as Formula 1’s virtual test track, where Formula 1 cars and the tracks they race on are modelled into incredible detail to give a realistic outcome. This enables all Formula 1 teams to develop their car and help the car and the driver find the right set up before the real race and to help them familiarise themselves with the track in a virtual environment first. DiL sessions usually lasts much longer than the full race distance, and in the space of time drivers decide to use the simulator they can log thousands of computer simulations per lap that is done all virtually. DiL doesn’t have much use for circuits that have been used before in Formula 1, but the value of this simulating tool can be critical for a Formula 1 team especially when they have never raced at the track before. 
Formula 1 & Simulation History 
Formula 1 teams have been using simulator and vast computing technology for decades. They are used for many different reasons, such as to measure, control analyse and simulate every aspect of a formula 1 car. First computing simulation came into formula 1 in the 1950’s when the first programable computer had just been invented. As you can imagine, Formula 1 wasn’t exactly influenced by computing technology or any technology to say the least. Due to the nature of the technology and it all being a new use for all humans at the time it took them over 7-8 hours to input a single programme with information and data on the car. In the 1960 ‘s Formula 1 didn’t see much use for the computing simulation at the time due to the amount of time it took to gather the information they needed, they thought at the time that it was best and more beneficial to stick to the traditional way by working with only mechanical devices and depend on the engineers to gather the information they needed. It wasn’t until 1970s when Formula 1 re considered the use of computing simulation due to the growth of technology at the time. In 1975 McLaren were the first Formula 1 team to deploy telemetry that could collect data about the car, it was able to download around 14 different pieces of information about the car that could be downloaded to the computing simulation to gather data. With 1980’s coming along and technology significantly improving, electronic management systems were added to the cars making the process of gathering information and data much quicker and effectively. The data collected from the electronic systems was taken off the car and put into a computer which generated all sort of information and data about the car, this is when Simulation and gathering data really made an effect on the sport. With vast improvements being made through the 1980’s, this carried on throughout the 1990’s with a boost of computing capability on the car itself and the simulation of data. It was a time that electronic control systems where at more use than ever in the sport, with this being said much more information and data were needed to be collected from the car to the computing simulation. 

Importance and the process of Drive in Loop Simulator on Racetracks 
DiL is a very important part for Formula 1 preparations for their new seasons especially when a new racetrack is included as this has no historic data that involves Formula 1. DiL Simulation approach is the same to every track, Formula 1 teams are very dependable on the simulator to gather new information as new circuits require more extensive programme. DiL simulation usually takes up to 2 days in the build up to the race weekend. Over the 2 days the simulator drives around the upcoming racetrack virtually doing roughly around 450 laps of the circuit, this is usually completed by current Formula 1 drivers that do it through the simulator. When a new circuit is included, more time will be needed to use the simulator with usually another 2 or 3 additional days needed in the run up before the race weekend. This is due to the lack of information and data that they already have about the circuit so the amount of working going into the simulation will be higher with more time needed.
Most of the build up work is completed through the DiL simulation, but it doesn’t stop once the cars are on the track. The simulator is available for all teams to run throughout the Race weekend if needed many teams might not take this opportunity as they feel they have gathered all the information they need which is a fair statement to make. But the simulator is there to support the drivers and engineers to help them maximize their learnings from the trackside on a race weekend if needed. After race weekend the simulator can be used to conduct further and look back at the race performance and assess and improvements that may be needed for the next race. 
 
Importance and the process of computer simulations for gathering information
DiL and computer simulations work with each other to gather the information needed. A Racing line is generated from the DiL which creates a few terabytes per lap helping the computer gather information during the simulator. Formula 1 engineers are able to speed up the computers once the virtual laps are done and also re run laps parallel with one another, using the computer with a much faster pace helps the engineers gather more information in a smaller amount of time, this can prove to be very useful during a race weekend when teams need some extra information. From a vehicle point of view, the engineers are mostly focused on the details and information of specific parts of the car. Once data has ben gathered and analysed, Formula 1 teams have to decide what direction and changes they want to make or the car before it goes out on the track on the weekend. 
How accurate is DiL and Computer Simulation?
Track models in the simulator is highly detailed to make it look and feel as realistic as possible, a laser image machine is used to create a 3D map of the entire race circuit and all of its characteristics that includes track surface, kerbs and the environment around the circuit. Formula 1 teams work along with external simulation software to help make the track environment as realistic as possible. Complex of the track models are pretty small so formula teams will often base their simulations based on the same track data and simulations. The simulator itself is designed to be as realistic as possible for the drivers b making them feel in the same environment as much as possible to a race weekend. The simulator us fitted with the sane chassis, cockpit, steering and pedals. Drivers also will run in the simulator in their full race gear to give them as much of a realistic experience as possible. A lot of time and money has been put into making the virtual model of the car for the simulator to make it handle just like it does out on the racetrack. This allows the Formula 1 teams to make changes to the car just as they would on the race weekend to see how it changes balance and performance.  
Formula 1 simulations can never be 100% accurate as they are only as useful with the amount of data that’s put into them in the first place. Simulations are never used to make final decisions for the build of of a race weekend. But they are a very useful tool when it comes to assisting, influence and helping the engineers give a better direction to go down with when preparing the driver and the race car. Once the engineers get the extra help they need from the simulator, it is then up to the drivers to give a full feedback on the car back to the engineers and use this information as the level above the information the simulator gave to them. The full car model used in the simulator can never be 100% accurate due to a number of reasons, first of all as the car isn’t moving so they don’t get the grip on the tarmac which doesn’t show the drivers or the engineers how the tyre responds to it and how it responds to different surfaces due to the change of weather. Simulator is there to simulate information and data virtually for engineers to try their best to combine it with real world data and mixing it both together to make the right decisions on the track.
Use of Simulation during COVID-19 and challenges it’s caused
All preparations for the new Grand Prix season within and outside simulation was made difficult for all involved with Formula 1, the main difficulty was that teams had a number of new circuits to prepare for which they have never used or raced on before. Usually, a new season will include 1 brand new track that will be used within the season at some point. If new tracks are included, teams are usually given around 7 to 8 months’ notice in advance so the simulation work on the circuit can begin as soon as possible so teams can get underway with new preparations. Due to COVID-19 causing a lot of uncertainty for all sports, this caused the races and new circuit(s) to be confirmed only 3 months before the season starts. It wasn’t so much of an issue towards the circuits that are already in use but for new ones it made the simulation more difficult as they didn’t get enough time like they usually do to gather the same amount of information and data as the other circuits due to the amount of time given to process this. This sort of circumstance was very unexpected and couldn’t be helped, but in a way this has helped Formula 1 to try and make chances to adapt and work with the simulator and a quicker time if they ever do has to face this sort of situation again and try and make the simulator more progressive during a shorter amount of time. 
Simulation & Strategies 
Another crucial area simulation focus on is strategy. Strategy simulations includes all drivers and teams which also include pit stop scenarios, pit stop loss, tyre pressure changes and car competitiveness. Different strategies give the simulations a wide variety of realistic situations that could happen on any race weekend. Gathering strategy simulations can give out extra information to the teams that they may need or show what details the teams are missing. Thousands of strategy simulations are always gathered before a race weekend to put the teams in the best possible position heading into the races. 
Conclusion
With all discussed it’s clear to say that Simulation modelling has a big impact on Formula 1 especially when it comes to preparation and final build-up. As already said, they might not be 100% accurate but they give out critical information and data about the cars that could lead Formula 1 teams to many successful times on the circuit itself. Big investment and money gets put into different simulation models every year in Formula 1 and Motorsports itself, this might be seen as a downside but the investment and money put into the simulations is worth it as it improves the growth of the sport and improves the performance of the car as well as the drivers and engineers alongside. 
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