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Gaussian Processes (GP) for the prediction of multiple forthcoming low level system states such as position and speed of the car.
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We propose a probabilistic approach,
using Gaussian Process Regression (GPR)
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The Simulator

The User model Is trained by collecting data from the user, vehicle
and environment through a racing car simulator at 100HZ.

Introduction

During training, the algorithm
builds up a model that describes
the user’s behaviour combined

Implemented a driver’s
behaviour model

with the vehicle’s dynamics
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Offline Data
1. Simulator Data
2. User Inputs
3. Environment
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From which we can infer
forthcoming system states
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Gaussian Process is a collection of random variables, any finite number of which
have a joint Gaussian Distribution
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Model, Selection and Data Analysis
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 AutoRegressive models through 33 GPs

- State on time t predicts the change at t+1

X~t —> dx=X,+1 _Xt

) e ) . . : :
1.System 7 DTt 2, Train GP . . Models of 2 properties: Variables of the User Model in the GPR Algorithm
» System Noise * Find the Marginal Likelihood (ML o 33 Variables
- Hyperparameters 4+ Steps ahead in time
Function y = f(X) + € P(fIX.0) = A (3]0, + 0_2]1) P 1. Brake 9. X/Y/Z Local Acceleration
. e ’ ' 2. Steerin 10. X/Y Local Velocit
Prior p(fIX) = A (FIO.K) e 4 State with current g y
. Maximise the Log ML or/and past inputs 3. Throttle  |11. X/Y Global Velocity
. rainin
- Gram Matrix (Kernel) =, . log p(y|X) = _%yT(KJerH)—ly_ %10g|K+0‘2]I|—%vlog(27r) . Analvs 4. Gear 12. Wheel's Rotation (x4)
K = k(xi,xj),Vi,j € {1,...,N} .. ata Analysis 5. Pitch 13. Wheel's Lateral Force (x4)
. Kis the sum of two Kernels:  3- Make Predictions > : - -
-  Users carried out 2 6. Roll 14. Wheel's Suspension Deflection
. x * 2m\—1
B> Square Exponential .« *Mean w(x*) =k(x*,x)(K+o,1)"y . ; ;
kSE(xn,xn,)=ozexp(—(""2_l§") )  Vars e " -1 ) sessions of 15 laps each 7. Yaw 15. Wheel's Suspension Force (x4)
B> Rational Quadratic Hyperpa;élryeggrs ariance  o*(x") =k(x",x") —k(x", x)(K + 6, 1) "k(x,x7) 8. Speed 16. Engine RPM
botrer) = 1+ 220 ) k(x*,%) = [CG" 2, .., C(x", V)]« Covariance Funcion K |« Seyeral models created 17. Time
° MODEL SUITABILITY AND RMSE VALUES FOR 1 AND 2 SECONDS P
PREDICTIONS FOR REGIONS A AND B AND THEIR IMPROVEMENT.
Expe rl mental RESUltS 1. 33 Variab[es are Variables || Best GP-MI({);igeilsnA 1Is RMSE | 2s RMSE | CO“C[USIO"
. Position-X 10 Current/CAPI 0.55 1.75
2> Multiple 2-second predictions from 2 Sets  predicted on each step  Frommony |1 S - 9Re.5Ul'f5 after 1 an.d 2-second
two segments were analysed of PR’ | 0G| 05T Tml projections over different users
Position-Y’ 25 Current 0.64 1.23 . .
kModels compared according to the Results: 2, 7 variable is predicted on B 15 s . - maintain low RMS error for 2D
Position-X || 10 CAPI 0.63 2.12
average RMSE score of all predictions each step (denoted by ') Poston-Y_|| 10 CAPT 063 221
| _ , Region B’
Position:Y’ 10 Current 0:37 0:70
Most results are below the baseline Positiony™|[-T0-Carre 05 070
Speed’ 4 CAPI 3.37 4.96

Region B Results
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