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| - Représentations numériques
a) Circuit

Pointage des deux bords de piste
“a la main”

Circuit representé par une
2, succession de segments
transversaux

01/19



| - Représentations numériques
b) Trajectoires
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| - Représentations numériques
c) Circuit Villeneuve
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Il - Algorithme génétique
a) Principe

Population
initiale

Evaluation

Critere
de fin ?

RésultoD

Sélection
Croisements

Mutations
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Il - Algorithme génétique
) Evaluation de la courbure

P —P
Continu: ¢ Rd<SS) Discrétisation : z || nR n+1||

Traj

Traj
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Il - Algorithme génétique
c) Selection par tournois

Classement général : Tournois 1: Parents sélectionnés :

---------------------------------------------------------------------------------------------

tragjectoire 1 trajectoire 2 trajectoire 1

trajectoire 2 trajectoire 5 trajectoire 4

trgjectoire 3 trajectoire 1

trafectoire 4 | B

trajectoire 5

-------------------------------

trajectoire 6
trajectoire 4

trajectoire /7

trajectoire 9

trajectoire /
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Il - Algorithme génétique
d) Croisement

mmm ParentA

Parent B

m— Enfant
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Il - Algorithme génétique
e) Mutations

m— Lnfant

Mutation

08/19



l - Premiers résultats
a) Trajectoire “géométrique”




Il - Premiers résultats
b) Limite de la fonction d’évaluation

P —P
Evaluation : Z H i o n+1||

Traj n

Les portions en ligne droite ne
“comptent pas” car la courbure
y est nulle ...
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IV - Profil de vitesse
a) Modélisation d'un véhicule

On modélise une voiture par une
unique roue de masse m et de
moment d’inertie J

Réferentiel : la route

Bilan des actions:

b

P le poids

F' les frottements de I'air

R N RT R 1 les réactions normale,
transversale et longitudinale
de la route sur le systeme

M /e moment au couple
engenare par le moteur
et les freins
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IV - Profil de vitesse
) Loi de Coulomb

12/19

Loi de Coulomb :

IR +RI<f IR,

En étudiant d’abord linégalité
plus large :

IR NI<flIRxl

On en déduit la vitesse maximale
possible a chaque segment de la

piste d’indice i:

fsg
|Ki|

V.S

Vi la vitesse au segment i
K /o courbure au segement i
g /apesanteur



IV - Profil de vitesse
c) Profil de vitesse
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IV - Profil de vitesse
d) Freinage et accélération moteur

, , , P i position au segmenti
Inequation au freinage :

Vi vitesse au segment i

PPl

\/f g —K V +AaA V. ) K; courbure au segementi
myv

1 \
l
M masse de /a voiture

Inéquations a accélération : f s coef. de frottement statique

 coef. de frottement de I'air

|P.,,— P

1 2 2 4 2 .. _
V.. SV.+ = l (m\/fsg —K; vi—avi) J moment d’inertie de la roue

myv,
R rayon de la roue
2

V. <v__|_||Pi+1_Pi|| mRC+O(Jvi —aV C couple développable par

(1 : mv. J+mR2 ’ le moteur

1
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IV - Profil de vitesse
d) Freinage et accélération moteur

vitesse m/s
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IV - Profil de vitesse A
° y 7/ o D
d) Freinage et accelération moteur
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V - Conclusion
a) Comparaison en sortie de chicane

Minimisation de |la courbure nimisation du temps




V - Conclusion
) Premier virage

30




V - Conclusion
c) Perspectives

— Générer le profil de vitesse sur 2
tours

— Faire un modele de véhicule a 4
roues

- Modéliser différentes voitures
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ene Annhexes

GenerateBorderPoints(){ .
let quadDistConstraint = this.distBetweenlLaterals*this.distBetweenLaterals; (363r1€3r(]t€3E3C)er€3rF)()lr]tES
let precision = 1;
//set first lateral at intBorder t=0;
let tIntList = [0];
this.intPoints = [this.intBorder.GetPointAtParam(0)];
let tExtList = [this.intBorder.GetOtherBorderT(this.extBorder, 0)];
this.extPoints = [this.extBorder.GetPointAtParam(tExtList[0])];

while(true){//loop over number of points
let lastIndex = tIntList.length - 1;
let intTMin = tIntList[lastIndex];
let intTMax = this.intBorder.GetParamAtDist(this.distBetweenlLaterals, tIntList[lastIndex]);
Let intl; Llet extl; let intPoint; let extPoint;

while(true){//dichotmy to create point with valid constraints

intT = 0.5%(intTMin + intTMax);

intPoint = this.intBorder.GetPointAtParam(intT);

extT = this.intBorder.GetOtherBorderT(this.extBorder, intT);

extPoint = this.extBorder.GetPointAtParam(extT);

let quadDistInt = intPoint.QuadDistTo(this.intPoints[lastIndex]);

let quadDistExt = extPoint.QuadDistTo(this.extPoints[lastIndex]};

if(quadDistExt < quadDistConstraint && Math.abs(quadDistInt - quadDistConstraint) < precision){
break; //constrained reached on intBorder with outBorder not too big

}else if(Math.abs(quadDistExt - quadDistConstraint) < precision){
break;//constrained reached on extBorder so valid on intBorder too

}else if(quadDistExt > quadDistConstraint + precision){
intTMax = intT;

}else if(quadDistExt < quadDistConstraint - precision){
intTMin = intT;

}else{throw new Error("Fatal Error When Building Track Border Points");}

}

if(intT > this.intBorder.cubics.length){
break;

}

tIntList.push(intT);

tExtList.push(extT);

this.intPoints.push(intPoint);

this.extPoints.push(extPoint);



Annexes
GeneticAlgorithm

//REPRODUCTION
while(children.length < genSize){
//TOURNEMENT SELECTION
let parents = [];
let potentialParentIndexes = [];

let nbPotentialParents = Math.floor(this.parentCount * this.selectionPressure);
for(let 1 = 0; i < nbPotentialParents; i++){

potentialParentIndexes. (Math.floor{genSize * Math.random()))
}

while(parents.length < this.parentCount){
let winnerIndex = potentialParentIndexes[0];
let indexToRemove = 0;
for(let i = 1; i < potentialParentIndexes.length; i++){
if(this.trajs[winnerIndex].evaluation > this.trajs[potentialParentIndexes[i]].evaluation){
winnerIndex = potentialParentIndexes[i];
indexToRemove = i;

I
}
if(potentialParentIndexes.length > 1){
potentialParentIndexes.splice(indexToRemove, 1);
Iy
parents.push(this.trajs[winnerIndex]);
}
//CROSSOVER
let newChild = Traj.Crossover(parents, this.crossoverSmoothZone);
newChild.Evall (this.evaluationMode, this.track, this.car);
children.push(newChild);

}

//MUTATION BUMP
for(let i = nbOfEliteChildren; i < genSize; i++){
let cumul = this.mutationBumpProbability;

while(cumul > Math.random()){
let mutationPoint = Math.floor(Math.random() * this.track.n);
let mutationZoneSemilLength = 1 tio : (this.mutationMinSemilLength, this.mutationMedSemilLength, this.mutationMaxSemilLength);
children[i].Mutate )(mutationPoint, mutationZoneSemilLength, this.mutationBumpForce);
cumul -= 1;
}



Annhexes

Curvature

/**
* @param {Point} a
* @param {Point} b
* @aram {Point} c
* @param {Number} pxToMetersRatio
et
export function signedCurvatureBetween(a, b, c, pxToMetersRatio){
//https://en.wikipedia.org/wiki/Menger curvature#Definition
//https://math. stackexchange. com/questions/2511452/how-do-1i-calculate-the-signed-area-of-a-triangle-in-3d-space

let ab = a.DistTo(b)*pxToMetersRatio;
let bc = b.DistTo(c)*pxToMetersRatio;
let ca = c.DistTo(a)*pxToMetersRatio;

let signedTiangleArea = 0.5*%((b.x*c.y-c.x*b.y) - (a.x*c.y-c.x*a.y) + (a.x*b.y-b.x*a.y))*pxToMetersRatio*pxToMetersRatio;
return 4*signedTiangleArea/(ab*bc*ca);

Sk
* @param {Track} track
Sl
CalcCurvature(track){
this.absCurv = [Math.abs(signedCurvatureBetween(this.points[this.n-1], this.points[0], this.points[l], track.pxToMetersRatio))];
for(let 1 = 1; i < this.n-1; i++){
this.absCurv.push(Math.abs(signedCurvatureBetween(this.points[i-1], this.points[i], this.points[i+l], track.pxToMetersRatio)))
}
this.absCurv.push(Math.abs(signedCurvatureBetween(this.points[this.n-2], this.points[this.n-1], this.points[0@], track.pxToMetersRatio)))



ere Annexes

/**
e aram {Car} car
e 3PassSpeed
CalcSpeeds3Pass(car){
this.speedl = [];
for (let i = 0; i < this.n; i++) {
if(this.absCurv[i] == 0){

this.speedl.push(car.theoricalMaxSpeed);
continue;
}
let maxSpeed = Math.sqrt(car.roadFrictionCoef * car.g / this.absCurv[il]);
if(maxSpeed > car.theoricalMaxSpeed){
this.speedl.push(car.theoricalMaxSpeed);
}else{
this.speedl.push(maxSpeed);
b

}

this.speed2 = this.speedl.map(x => X);
for (let i = this.n-1; i > 0; i--){
if(this.speed2[i] <= 0){

this.speed2[i - 1] 0;
continue;
1y
var Rt;
let maxDecel = Math.pow(car.roadFrictionCoef * car.mass * car.g, 2) - Math.pow(car.mass * this.absCurv[i] * this.speed2[i] * this.speed2[il]l, 2);

if(maxDecel < 0){
Rt = 0; // we can't decelerate or we will drift

}else{
Rt = -Math.sqrt(maxDecel);
}
this.speed2[i - 1] = -this.dists[i]*(Rt - (car.airDragCoef * this.speed2[i] * this.speed2[i])}) / (this.speed2[i] * car.mass) + this.speed2[i]

if(this.speedl[i - 1] < this.speed2[i - 1]){
this.speed2[i - 1] = this.speedl[i - 1]
}



Annexes
3PassSpeed

( speedl[i 1 speed2[i 15
speed2[1i 1] speedl[i i8]

}

this.speed3 = this.speed2.map(x => X);
this.speed3[0] = 3;
for (let i = 0; 1 < this.n - 1; i++){
var Rt = 0;
for(let gearld = 0; gearld < car.numOfGears; gearId++){
let engineRotSpeed = car.GetEngineRotSpeed(this.speed3[i], gearld);
let torque = car.GetTorque(engineRotSpeed);
let RtAtGear = (torque * car.wheelRadius * car.mass) + (car.airDragCoef * this.speed3[i] * this.speed3[i] * car.angularMass]);
RtAtGear /= car.angularMassJ + (car.wheelRadius * car.wheelRadius * car.mass);
if(RtAtGear > Rt){
Rt = RtAtGear;
this.gear[i] = gearld;
this.rpm[i] = engineRotSpeed * 9.549296585513721 // convert rad/s to rpm

}
)
let a = Math.pow(car.roadFrictionCoef * car.mass * car.g, 2) - Math.pow(car.mass * this.absCurv[i] * this.speed3[i] * this.speed3[i], 2);
if(a < 0){
Rt = 0; // we can't accelerate or we will drift
}else{
Rt = Math.min(Rt, Math.sqrt(a));
b

this.speed3[i + 1] = this.dists[i]*(Rt - (car.airDragCoef * this.speed3[i] * this.speed3[il)) / (this.speed3[i] * car.mass) + this.speed3[i]
if(this.speed3[i + 1] > this.speed2[i + 1]1){

this.speed3[i + 1] = this.speed2[i + 1]
Iy



Annhexes

Crossover

Vit
* @aram {Traj[]} parentTrajs number of transitionPoints, must be even and shuffled
* @param {Number} crossoverSmoothZone number of laterals to interpolate between parents at transitionPoints
* @returns {Traj} the child crossover
e/
static Cr r(parentTrajs, crossoverSmoothZone){
let trackN = parentTrajs[0].n;

//GENERATE TRANSITION POINTS
let transitionPoints = [];
GenerateTransitionPoints
while(true){
transitionPoints = [];
for(let 1 = 0; i < parentTrajs.length; i++){
let newTransitionPoint = Math.floor(Math. rz
for(let j = 0; j < i; j++){
if(Math.abs(transitionPoints[j] - newTransitionPoint) <= 2*crossoverSmoothZone){
continue GenerateTransitionPoints;

m() * trackN);

}
if(Math.abs(transitionPoints[j] - newTransitionPoint + trackN) <= 2*crossoverSmoothZone) {
continue GenerateTransitionPoints;
}
if(Math.abs(transitionPoints[j] - newTransitionPoint - trackN) <= 2*crossoverSmoothZone){
continue GenerateTransitionPoints;
}
}
transitionPoints.push(newTransitionPoint);
)

transitionPoints (&, 9) == & = ()8

1



Annexes

Crossover

//BUILD CHILD
. newTraj w Traj(trackN, false);
let currentParent = 0;
for(let i = transitionPoints[0]; i < transitionPoints[transitionPoints.length - 1]; i++){//between first and last transition points
let distanceToNextTransitionPoint = transitionPoints[currentParent + 1] - 1

let alpha;
if(distanceToNextTransitionPoint == 0){
alpha = 0;
currentParent++;
}else if(distanceToNextTransitionPoint > crossoverSmoothZone){
alpha = 0;
}else{
alpha = 1 - (distanceToNextTransitionPoint / crossoverSmoothZone);

alpha = Math.sin(alpha*Math.~rI/2) * Math.sin(alpha*Math.rI1/2);
iy
newTraj.laterals[i] = alpha * parentTrajs[currentParent + 1].laterals[i] + (1 - alpha) * parentTrajslcurrentParent].laterals[i];
}
for(let i = transitionPoints[transitionPoints.length - 1]; i < transitionPoints[0] + trackN; i++){//last transition point loop back to first transition point
let distanceToNextTransitionPoint = transitionPoints[0] + trackN - i

let alpha;
if(distanceToNextTransitionPoint > crossoverSmoothZone) {
alpha = 0;
}else{
alpha = 1 - (distanceToNextTransitionPoint / crossoverSmoothZone);

alpha = Math.sin(alpha*Math.PI/2) * Math.sin(alpha*Math.PI/2);
)
newTraj.laterals[mod(i, trackN)] = alpha * parentTrajs[0].laterals[mod(i, trackN)] + (1 - alpha) * parentTrajs[transitionPoints.length - 1].laterals[mod(i, trackN)];

}

return newTraj;



Annhexes
Mutate

/**
* Makes bump mutation
* @param {Number} center int of lateral where the mutation is centered
* @param {Number} semiLength int defining half the number of laterals that will be modified
* @param {Number} force in [@,1], 0 is no modifications, 1 is potentially harsh modifications

%/
MutateBump(center, semiLength, force) {

this.evaluation = -1;

let mutationValue = Math.random();

for (let i = -semilength + 1; i < semilength; i++) {//skipping first and last indexes because they wouldn't actually be moved
let blend = force * squaredSinJoin(l - (Math.abs(i)/semilLength));
let currentPoint = mod((center + i), this.n);
this.laterals[currentPoint] = blend*mutationValue + (1-blend)*this.laterals[currentPoint];
if(this.laterals[currentPoint] < 0){this.laterals[currentPoint] = 0;} // safety (float approx)
if(this.laterals[currentPoint] > 1){this.laterals[currentPoint] = 1;}

}
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Annhexes

Experiences mutations
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Dans le repere de Frenet :

a=3u,+52k(s)u;

D’apres la 2éme loi de Newton :

Annexes
Calculs partie physique

Ainsi en projetant surles 3 axes:

| 0=R,—mg 1
ms2k(s)=R, (2)
\mézRL—aSZ (3)

La loi de Coulomb avec RL: 0 donne :

|RT|stRN:fsmg

Donc d’apres (2)

o UG
m|k (s)|

Finalement :

ma=), Fo,




\

(

Quelques résultats utiles :

0=R,y—mg
ms2k(s)=R,
mS=R,—as?

@)
(2)
(3)

Annexes
Calculs partie physique

D'apres (3):
RL_(;SZ(t) :§(t)
_§(t)—5(t—dt)
- dt
_§(t)—s(t—at)_ .
— — X 5(t)

Ainsi on obtient 'équation :

dsx(R,—as2(t))

s(t—dt)=5(t)— pyry

4)

De maniére similaire on a aussi :

dsx(R,—as2(t))

S(t+dt)=5(t)+ Ty

(9)
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Quelques résultats utiles :

0=R,y—mg
ms2k(s)=R,
mS=R,—as?

@)
(2)
(3)

Annexes
Calculs partie physique

D’apres la loi de Coulomb :

R 2<f?Ry*>—R;?
Donc d'apres (1) et (2) :
R, |<mv(f,g)~(k(s)$2)2

En réinjectant dans les équations (4) et (5) et
en discrétisant on obtient :

1P, ,— P

V. SVv.+ (\/fg—Kv+0(v)

mv

I

IP.,—Pil
o+
my

i

( \/fg—KV—O(V)

i+1 >
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Quelques résultats utiles :

Annexes

Calculs partie physique

D’apres le Théoreme du moment cinétique :

0=R,y—mg
ms2k(s)=R,
mS=R,—as?

@)
(2)
(3)

J0=C s+ M,(R,)<C+M,(R,)
D’ou:
g
J—=<C—RXR;
R
Donc d’apres (3) :
R,—as?
<C—RXR,
mR
Et ainsi:
%)
C+a]s .
R, < mR :mRC+aJS
J mR2+]J
R+—

mR
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Quelques résultats utiles :

Vi SV ¥

0=R,y—mg
ms2k(s)=R,
mS=R,—as?

@)
(2)
(3)

Annexes
Calculs partie physique

En réinjectant dans 'équation (5) et en
discrétisant on obtient finalement :

|P.,,—P,||[mRC+a Jv;

2
myv, J+mR

2
av

I
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