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The last Grand Prix of Monaco was interesting for climate variability. If qualifications were held in dry and warm weather, the race was preceded by heavy rain with result of having to start the race with the safety car. Tyres choices and length of stints have definitely influenced the final result. In this paper we analyze the times of each lap in relation to these two elements, highlighting the extreme strategic choices of some drivers, especially Lewis Hamilton, who won the race.

INTRODUCTION.

Monaco Gran Prix was enstablished in 1929 thank to Antony Noghes (founder of the Automibile Club de Monaco) but the first real race valid for the F1 World Championship was in 1950. In the same year and properly in Monaco the Scuderia Ferrari began its history in the Formula One.

It is a 3,340 km long track even if it was changed during the years (for the constant urbanization of the Pricipality). It is then the shorter and slower track in the racing calendar but is also the most awaited because of its glamourous atmosphere. Every pilot wants to win the race once at least. Ayrton Senna detains the largest number of wins and pole positions whereas Mclaren is the best winning constructor. Every year is a bet due to the variable weather. In the same week end could rain or be sunny and the balance of the cars changes during the days. It is memorable Ayrton Senna's way of driving in the rain which is the most difficult condition for driving but it wasn't for him. Now days many constructors (such as Ferrari) rely the rainny weather to shorten the gap in speed of other teams. The last Grand Prix of Monaco was interesting for climate variability. If qualifications were held in dry and warm weather, the race was Statistical Analysis of F1 Monaco Grand Prix 2016. Relations Between Weather, Tyre Type and Race Stints.
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preceded by heavy rain with result of having to start the race with the safety car. Tyres choices and length of stints have definitely influenced the final result. In this paper we analyze the times of each lap in relation to these two elements, highlighting the extreme strategic choices of some drivers, especially Lewis Hamilton, who won the race.

Here it is the map of the circuit dealing with the names of the curves, speeds and gears (Fig. 1). Fig. 1 2. DATASET ANALYSIS.

The following table (Tab.1) contains lap times for each driver. The lap times over a predeterminated threshold were dropped, because could generates great distorsions. A lap time over the threshold is considered anomalous and due to non-standard events, esogenous or endogenous.

The table reports the full race time telemetry, and is completed with the tyre type used during each lap. Tyres represent an individual team/driver choice and the table provides a sight on eterogenous choices in relation with many other parameters of telemetry. During the race the weather was very unstable. Rain fell during hours before the race. The race begun with a very light rain and all cars were equiped with full wet tyres. There was no specific lap for switching to intermediate tyres. We must consider also that many drivers continued race with full wet tyres over the 20 th lap, and two drivers (Hamilton and Wehrlein) switched directly to dry tyres.

When the track became too dry for wet tyres, at laps 29, 30, 31 and 32 we assisted to all the pit-stops. At 33 rd lap all cars were equiped with no-wet tyres. The following analysis concentrates to this race period, when the combination of weather and track conditions probably decides the trend of the remaining race laps.

With a regressive analyisis we should determine the trend for two clusters of laps: the cluster of the twenty laps before the period when the pit-stops were made, and the cluster of the twenty laps following this period. As said above, we can notice two well defined climatic situations. The first period has a trend that denotes a fast decreasing of lap times (Fig. 3). This period is characterized by a very large number of anomalous time peaks, so the ________________________________________________________________________________________________ Statistical Analysis of F1 Monaco Grand Prix 2016. Relations Between Weather, Tyre Type and Race Stints.
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trend-line is surely and cleary influenced by these peaks. The POT (Peaks Over Threshold) method could be usefull to drop all peaks and to recalculate the regression-line.

Fig. 3 We need to close-off this first period to perform the POT analysis.

Fig. 4

The regression analysis output provides results influenced by peaks, even if the R 2 value is 0,91.

We apply the POT Peaks Over threshold method designing a threshold that lies a 2% over the regression-line. The coefficients of the predictor are the same (-0,60), but intercept is posed at a 105 value (yellow line).

Fig. 5 ∆= 2%

(1)

= + (2) = + (3) 
- = ∆= 2% ≅ * 1.02 (4) 
The method used is very similar to the Quantile Regression one. The influence of outliers, censored data, data clusters, and leverage points may be evaluated by comparing plots after removing (or, in the case of leverage points, weighting) these points. Any dropped data of this nature must be transparently described. In general, the points should remain on the plot with flags indicating whether they were weighted or omitted from the model.

Using the new line, all times for each lap are recalculated. These new times (theorically taken) are compared with effective lap times (Tab.3), and all times over the threshold are dropped. The numerical result is alligned with the output in the graphic.

Tab. 3 ________________________________________________________________________________________________ Statistical Analysis of F1 Monaco Grand Prix 2016. Relations Between Weather, Tyre Type and Race Stints.
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Dropped times are replaced by average times calculated in accordance with the average method used in Missing Values Techniques. We can use an Active Strategy (imputation) in order to minimize distortions. The new lap times table is therefore more representative of this race period (Tab.4).

Tab. 4

These data are usefull to perform a new regression analysis, and the results show us an increased R 2 value up to 0,97.

The new beta coefficient shows the drop of the peaks. The slope of the regression-line is just a little bit decreased (Fig. 6). This because peaks are uniformly distributed and the intensity (value of peaks) are standard. We can assume that the analysis without dropping the peaks probably would be non particulary influenced by the presence of the peaks. Therefore the change of climate conditions form the 29 th lap is a watershed between two distincted parts of the race. As said above, for 29 th to 32 nd lap we have pit-stops of all the drivers. The full list of pit-stops and times is showed in Tab.5.

Tab. 5 Fig. 7 represent the period for pit-stops, in according with the Tab.5 above, plus twenty lap before and twenty lap after this period. Performing a partial regression to each of this two periods. In according with our prior statements, all time peaks are not dropped, because equally distributed for each driver and valued in a standard range. 2016, Gianluca Rosso, Andrea Filippo Rosso.
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In Fig. 8 we have given evidence to the pit-stops (red circles). Blue circles put in evidence times of drivers just one lap after pit-stops. The chart shows that in these laps tyres temperature do not permit to drivers to get times alligned with times of the other drivers.

Fig. 8 We want to give more details to Fig. 7, introducing into Fig. 9 the graphic characteristic of the track status.

Fig. 9 Drivers needs to change tyres while track gradually drying, and tyre degradation reach the top around the 29 th lap.

If we look at results of the regression line related to pre-and post-pits, we note that times are lowering faster in the preperiod. Conditions of the pre-and post-pit parts are resumed in the following table (Tab.6).

Tab. 6

When tyre types used are less diversified, as in pre-pits, lap times are lowering faster, even with the track almost completely dryed. In particular most of cars are equiped with intermediate tyres just close to the pit-stops. After the pitstops, we have a more diversified condition with three types of tyres (do not consider Haryanto who changed intermediate just few laps after the other drivers). We can note that tyres are more diversified. With more diversified tyres, a track drying quickly, and less fuel into the cars, lap times decrease very smoothly (as showed by the value of the slope).

We can assume now that a more variability in tyre types could cause a lower increment of performance, and in those weather conditions (into well specific range and not extreme) they seem not to be decisive.

For a conclusive and better analysis, we need to observe the first four drivers. Again we need to take a look at their stints, and the choice of tyres. Stints are represented in tabulation form (Tab.7) and in separated charts (Figg. 10a, 10b, 10c, 10d).

As said above, the laps between 9 th and 28 th have a time slope which is equal to -0,8373 (the meaning is that each lap time decrease: take a look at the minus sign, in a rate that is 0.8373). In this range of laps cars are mostly equiped with wet tyres, but Vettel changed tyres with intermediate at 13 th lap. We look at the strategies of the best four drivers. The chart showed in Fig. 11 we have drawed time laps for each driver, and four separate regression lines were obtained. Results are showed in Tab.8.

Tab. 8

Fig. 11 We can deduce that the premature change of tyres with intermediate (Vettel) has generated a better performance.

The same kind of analysis was done with the laps time after the pit-stops concentrations. At that time the track was completely dryed. We can note a substantial improvement in performance. Therefore Vettel had a deterioration of timing.

CONCLUSIONS.

The final ranking, considering the four best driver at arrival, reflects these numerical considerations. We can note also the superior performance of Ultrasoft tyres. Vettel had the worst performance, using wet tyre for a little while, intermediate for a large stint and than soft tyres. The key strategy was less stints (only two for Hamilton), no intermediate and ultrasoft tyres for a very large final stint (47 laps). Thus is denote a very high performance of this tyres which seems to have a very low degradation, considering the atypical Monte-Carlo race track.

Tab. 9

Fig. 12 Statistical Analysis of F1 Monaco Grand Prix 2016. Relations Between Weather, Tyre Type and Race Stints.
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Fig. 13 6. POSTFACE: REFINE ANALYSIS WITH SOME IDEAS.

As said, variables that play important roles in a race strategy are many, and all of these variables are considered in models used by the Teams during a race. The analysis we have realized consider only few variables:

-Lap-times; -Lap-times variability; -Atmospheric conditions; -Tyre types; -Concentration of pit-stops.

It is correct to assume that tyres are strictly linked with fuel consumption. Lap times, you can see, are not static during a race. About the tyres we can assume that its degradation has an important role, and the role is enfatized by the type of tyre. The trend of lap-times reflects also cars reducing weight as fuel is burned. This element (variable) was absolutely important when re-fuelings were permitted during pit-stops. With new rules, the variable of fuel is included in tyres degradation. First, a short resume about rules.

-Cars may use no more than 100kg of fuel in each race (with the power unit regulations stipulating that fuel flow must not exceed 100kg/hour). Drivers exceeding the fuel limit during a race will be immediately excluded from the race results. -Teams are not permitted to add or remove fuel from a car during a race. In other occasions during the weekend they may refuel cars but only in their respective garages, and only at a rate of 0.8 litres per second. Statistical Analysis of F1 Monaco Grand Prix 2016. Relations Between Weather, Tyre Type and Race Stints.
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Therefore the variables Tyre Degradation (TyreDeg) and Fuel Consumption (FuelCons) are considered toghether.

DecrementalVariables = TyreDeg + FuelCons (5)
Tyre types is considered an element of Tyre degradation.

Atmospheric conditions can be considered as wet or dry, but with variables like rain, temperature, direct sunlight, etc. These are reflected in tyre types, because Pirelli has disposed different tyres related with climate conditions. Therefore an assumption could be Atmospheric conditions  Tyre type  Tyre degradation

(6)
We can add a random variable defined as Driver which should describe the specific characteristic of the driver. Statistically this variable is normally-distributed with zero mean and a standard deviation driver-specific.

We need a base variable to compute the model. The base variable must be time based (our predicted variable will be Lap time). We can assume as time based variable the time from Free Practice. As Free Practice are in three sessions, we can comsider an avarege time from each session, but weighted because from FP1 to FP3 teams make substantial changes to cars in order to improve performance.

( ) = * * * (7) 
To determine the weight of each Free Practice, we have calculated da trend of best lap time between each session (Tab.10).

The evidence is that average gains, due to cars setup, from FP1 to FP3 are not so relevant3 .

Tab. 10

So we define the weights as follow: FP1 70%, FP2 15%, FP3 15%. When teams approch FP1 they have a lot of data from the same race in other seasons, other races in the same seasons, and a lot of simulations and tests.

(

) = * * * (8) 
Therefore the model is

LapTime = FPT + Driver + DecrementalVariables (9) 
Due to the fact that during pit-stops no refuel is done but only tyres change, fresh tyres could be a winning option, but we must consider that pit-stops have a time particulary high (due to pit-in and pit-out essentially) with some risk variables hereunder listed:

-Mistakes during tyres change (due to technical failure or human errors); -Getting stuck in traffic; -Pit-in mistakes (speed exceeding); -Pit-out mistakes (pit exit line crossing); -Traffic into the pitlane; -Probability of a Safety Car.

These risks must be considered. Each element is normally associated with a particulare probability of occurrence. This probability is related to data collection from other races. The number of permutations is vast and the need is to know in advance. So in 2000 Monte Carlo method (MC) came in. This technique uses randomly generated numbers in order to approximate outcome. The result of a probabilistic simulation (Monte Carlo simulation) is a quantified probability. But just looking at different computational fields, a better method could be considered. We are talking about the Latin Hypercube Sampling (LHS) method, which is the answer just coming from banking and financial risk management tools. With LHS we need less samples to achive a needed threshold (you know that in races every performance is misured as a threshold). With the same number of samples LHS achives a better simulation performance in relation with MC. This because MC is memoryless: sample points are generated without taking into account the previously generated sample point. LHS has a memory, so it is more efficient. This is due to fact that the key of LHS method is the stratification of the data distribution and sample is more representative (in MC sampling you might end up with some points clustered closely, while other intervals within the space get no samples).

At this point we must consider that we have on the track many other players of this game, and that each one of these plays the same game (using Monte Carlo simulation do predict when to stop the car and how many times).

Deterministic approach doesn't work. Therefore we must consider a non-deterministic approach. The Game Theory will help to define this situations. It needs a particular approach and more than few words must be spent to describe all possibile methods and models. But just as an example Fig. 14 shows a Game Tree for all available strategies with two or three pit-stops and with or without Safety Car during the race.
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In car races every portion of each second is important: in free practices to give the best setup to the cars, in qualify to gain a good position on the starting grid (and in Monaco this is particulary important), and during the race for many other reasons (for example to have more gap for a faster pit-stop and to avoid traffic returning into the race). But so lightweighted difference between the three FPs suggests that FP1 lap times are absolutely relevant in relation with the other two FPs lap times.