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#pendule simple odeint 
import numpy 
import math 
import matplotlib.pyplot 
from scipy.integrate import odeint 
#Constantes du problème 
g=9.81 
l2=0.386 
#Pas de temps et intervalle 
b=10;N=5000 
h=b/float(N-1) 
t=numpy.linspace(0,b,N) 
 
def fphitheta(y,t,g,l2): 
    theta,phi=y 
    dydt=[phi,(-g/l2)*math.sin(theta)] 
    return dydt 
 
y0=[0.1,0.0] 
#appel odeint avec paramètres 
sol=odeint(fphitheta,y0,t,args=(g, l2)) 
matplotlib.pyplot.plot(t, sol[:, 0], 'b', label='theta(t)') 
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#pendule simple Euler explicite 
import numpy ;import math;import matplotlib.pyplot 
#Constantes du problème 
g=9.81;l2=0.386 
#Pas de temps et intervalle 
b=10;N=5000 
h=b/float(N-1) 
#Tableaux 
phi=numpy.zeros(N,float);theta=numpy.zeros(N,float) 
t=numpy.linspace(0,b,N) 
#Conditions initiales 
phi[0]=0.0 
theta[0]=0.1 
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#Euler 2nd ordre 
for i in range(N-1): 
    theta[i+1]=theta[i]+h*phi[i] 
    phi[i+1]=phi[i]+h*(-g/l2)*math.sin(theta[i]) 
     
matplotlib.pyplot.plot(t,theta,label="angle theta") 
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import matplotlib.pyplot;import numpy;import math 
 
#Constantes du problème 
m1=1500;m2=10250;l2=0.39;k=300000;g=9.81;l=0.33;b1=20000;b2=20000 
#Paramètres de simulation 
Npts=10000;tmax=10.;h=tmax/(Npts-1) 
#Définition des coefficients 
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A=m1+m2+h*b1;B=m2*l2;C=-(m1+m2);D=-m2*l2;E=2*(m1+m2)-
k*h*h+h*b1;F=2*m2*l2;M=h*h 
G=m2;H=m2*l2+h*b2;I=-m2;J=-m2*l2;K=2*m2;L=m2*(2*l2-h*h*g)+h*b2;N=h*h 
#Définition des matrices 
M1=numpy.array([[A,B],[G,H]]);M2=numpy.array([[E,F],[K,L]]) 
M3=numpy.array([[C,D],[I,J]]);M4=numpy.array([[M,0],[0,N]]) 
#Vecteurs colonne 
X=numpy.zeros((2,Npts));F=numpy.zeros((2,Npts)) 
T=numpy.zeros(Npts) 
y2=numpy.zeros(Npts) 
F1=60000;F2=400000 
F[0,0]=F1;F[1,0]=F2;F[0,1]=F1;F[1,1]=F2;F[0,2]=F1;F[1,2]=F2 
M1inv=numpy.linalg.inv(M1) 
#Boucle de calcul 
for i in range(3,Npts-1): 
    F[0,i]=F1;F[1,i]=F2 
    T[i]=i*h 
     
    X[:,i+1]=numpy.dot(M1inv,numpy.dot(M2,X[:,i])+numpy.dot(M3,X[:,i-
1])+numpy.dot(M4,F[:,i])) 
 
for i in range(Npts): 
    y2[i]=X[0,i]+l2*math.sin(X[1,i]) 
     
matplotlib.pyplot.plot(T[:Npts-1],X[0,:Npts-1])  
matplotlib.pyplot.plot(T[:Npts-1],X[1,:Npts-1]) 
matplotlib.pyplot.plot(T[:Npts-1],y2[:Npts-1]) 
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dxdt[0]=numpy.dot(M5inv,numpy.dot(M6,X1)+Fo)[0] 

:2"
dxdt[0]=numpy.dot(M5inv,numpy.dot(M6,X1)+M7)[0] 

 



M!""

U?E!l'*V4+"3'F&4+)Y"F/)X'*+"odeint"W"&('?(%FF+"Python!

"
#Constantes du problème 
m1=1500;m2=10250;l2=0.39;k=300000;g=9.81;b1=20000;b2=20000 
#Paramètres de simulation 
Npts=1000;tmax=10.;h=tmax/(Npts-1) 
#Définition des matrices 
M5=numpy.array([[1,0,0,0],[0,1,0,0],[0,0,m1+m2,m2*l2],[0,0,m2,m2*l2]]) 
M6=numpy.array([[0,0,1,0],[0,0,0,1],[-k,0,-b1,0],[0,-m2*g,0,-b2]]) 
M7=numpy.zeros(4) 
t=numpy.linspace(0,tmax,Npts) 
y2=numpy.zeros(Npts) 
F1=60000;F2=400000 
M7[2]=F1;M7[3]=F2 
 
M5inv=numpy.linalg.inv(M5) 
 
def fdxdt(X1,t,Fo,a): 
    y1,theta,w,phi=X1 
    dXdt=[numpy.dot(M5inv,numpy.dot(M6,X1)+Fo)[0], 
          numpy.dot(M5inv,numpy.dot(M6,X1)+Fo)[1], 
          numpy.dot(M5inv,numpy.dot(M6,X1)+Fo)[2], 
          numpy.dot(M5inv,numpy.dot(M6,X1)+Fo)[3]] 
    return dXdt 
 
x0=[0.0,0.0,0.0,0.0] 
sol=scipy.integrate.odeint(fdxdt,x0,t,args=(M7,a)) 
 
y2=numpy.zeros(Npts) 
for i in range(Npts): 
    y2[i]=sol[i,0]+l2*math.sin(sol[i,1]) 
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void main() 
{ 
 CRendu_3D_2D_OpenGL rendu ; 
} 2  
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CModel3D_PhysX 

-gPhysX :*PxPhysX 
-sceneD :*PxSceneDesc 
-actorFac :*PxActorFactory 
-gmat :*PxMaterial 
-dynamic :*PxRigidDynamic 
-static :*PxRigidStatic 
-plan: *PxPlane 
-box :PxBoxGeometry 
-t :PxTransform[2] 
-gScene :*PxScene 
<<create>>+CModel3D_PhysX() 
+createPlane(float x,float y, float z, float d): void 
+createCube(float x,float y, float z, float arete, float masse):void 
+createActors():void 
+stepPhysics(step:float) 
+getScenePointer():*PxScene"
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PxRigidBody="
PxRigidActor←PxRigidStatic"

PxRigidActor←PxRigidBody"

"
Q%"34%00+"PxRigidBody"+0)"*/(:>/+"&'-("&('*-:(+"4%"34%00+"@:44+"PxRigidDynamic="
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"
"
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4+0"34%00+0"*/(:>/+0"*+"4%"34%00+"PxActors"&+->+1)"c)(+"&%00/+0"+1"&%(%FV)(+"*+"3+))+"F/)X'*+="
Q%">%(:%U4+"*actor"+0)"-1"%4'(0"3'10:*/(/+"3'FF+"-1"&':1)+-("&'4.F'(&X+="

Q+0"*+-P"%3)+-(0"0'1)"4+"3-U+"\2P$:?:*H.1%F:3]"+)"4+"&4%1"\2P$:?:*7)%):3]="
"
U=E!l/)X'*+"3(+%)+5-U+"+)"3(+%)+93)'(0!

"
I1"3'10+(>%1)"4%"F/)X'*+"createCubeY"4%"F/)X'*+"createActors"*+>:+1)"W"
!

void CModel3D_PhysX::createActors() 
{ 
 this->createPlane(0, 1, 0, 0); 
 float hmax = 24, hmin = 2; 
 unsigned char i,N=50; 
 for (i=0;i<N; i++) 
 { 
  this->createCube(-2.,(float)((hmax-hmin)*i)/float(N-
1)+hmin,3.,0.10); 
 } 
} 

"

U=F!l/)X'*+0"*/@:1:00%1)"4%"&'0:):'1"+)"4B'(:+1)%):'1"*B-1"'U,+)"MH!
"
%]"T"4%"3(/%):'1"*+0"'U,+)0"%>+3"4+0"F/)X'*+0"W"

"
PxCreateDynamic(…) et PxCreateStatic(…) 

"
9>+3"4+"F-)%)+-("*+"4%"34%00+"FV(+"PxRigidBody"W"

"
setGlobalPose(…) 

"
U]"-1"'U,+)"*+"4%"34%00+"PxTransform"+0)"3'F&'0/+"W"

−" *B-1"'U,+)"*+"4%"34%00+"PxVec3"&+(F+))%1)"*+"*/@:1:("4%"&'0:):'1"*%10"4B+0&%3+"*B-1"'U,+)"MH"_"

−" *B-1"'U,+)"*+"4%"34%00+"PxQuat"&+(F+))%1)"*+"*/@:1:("4B'(:+1)%):'1"*%10"4B+0&%3+"*B-1"'U,+)"MH="

"
"

"



MN""

U=M!�-%)+(1:'10"*%10"PhysX!

"
%]"&('*-:)"*B-1"R-%)+(1:'1"%>+3"0'1"3'1,-?-/"
HB%&(V0"4+"&('*-:)"*+"*+-P"R-%)+(1:'10"W"

"�:�( P %h:h( X �:111- � �(111-a 2h:�(111- O 2h(�:111- O �:111- _ �(111-]"
"
I1"3'10:*/(%1)"W"� P %h O �-]"+)"�� P %h X �-]"
"

Q+"&('*-:)"*+>:+1)"W"��� P %h[ O �- � �-a Xh�- O h�- X �- _ �-]"
"

6(""Xh�- O h�- X �- _ �- P �1-"+)"�- � �- P ,( O /( O �("
"
2%("3'10/R-+1)"W"��� P h[ O ,[ O /[ O �[ P ���[ P :"
"

U]"3%43-4"*-"R-%)+(1:'1"&'-("�1- P :�( ]-O :�( �-"+)"U P  ¡"
"� P ¢£\ U( O "\MN U(#" :�( ¤-O :�( ¥-# P �¦§(¨ O �¦(©¤-O �¦(©¥-O �"
"

U=J!a):4:0%):'1"*+0"R-%)+(1:'10"+)"*+0"F%)(:3+0"*+"(')%):'1!
"
Q+0"R-%)+(1:'10"0'1)"-):4:0/0"&'-("4+0"3%43-40"*B'(:+1)%):'1"*+0"'U,+)0"*%10"PhysX"3%("&4-0":1)-:):@"&'-("4+"

*/>+4'&&+-(="
OpenGL"-):4:0+"4+0"F%)(:3+0"*+"(')%):'1"&'-("(/%4:0+("4+"(+1*-"MH="
!

U=@!5'1>+(0:'1"R-%)+(1:'1">+(0"F%)(:3+!

"
Q%"34%00+"PxMat44"%>+3"0'1"3'10)(-3)+-("PxMat44(PxTransform)."

"

UD>!$+4%):'1"&X.0:R-+d&('?(%FF%):'1!
%]"(+4%):'10"+1)(+">%(:%U4+0"+)"F/)X'*+0"5rr"
" c" setMass, getMass �-" setLinearVelocity, getLinearVelocity � ª" setMassSpaceInertia, 

getMassSpaceInertia «1-" addTorque h11-" setAngularVelocity, 

getAngularVelocity 1̀-" addForce 

"
U]"@('))+F+1)"@4-:*+"4:1/%:(+"
Q%"F/)X'*+"setLinearDamping" &+(F+)" *B%,'-)+(" -1+" @'(3+" *+" @('))+F+1)" &('&'():'11+4" T" 4%" >:)+00+"

4:1/%:(+="Q+"F'*V4+"*-"3'(&0"(:?:*+":1*/@'(F%U4+"3'1):+1)"1%):>+F+1)"3+))+"@'(3+"*+"@('))+F+1)="
"



MJ""

3]"@('))+F+1)"@4-:*+"R-%*(%):R-+"

5+))+"@'(3+"1B+0)"&%0":F&4/F+1)/+"*%10"4+"F'*V4+"*-"3'(&0"(:?:*+":1*/@'(F%U4+="
`(f3+"T"4%"F/)X'*+"getLinearVelocityY"4%">:)+00+"T"3X%R-+"&%0"*+")+F&0"+0)"%33+00:U4+"+1">%4+-(="
Z4"@%-)"-):4:0+("4%"F/)X'*+"addForce"+)"&%00+("+1"&%(%FV)(+"-1+"+P&(+00:'1"&('&'():'11+44+"T"4%">:)+00+"

4:1/%:(+"%-"3%((/="
2%("+P+F&4+Y"+1"3'10:*/(%1)"-1"'U,+)"rD"*+"4%"34%00+"PxRigidDynamic"W"
 

double coef=0.05; 

rD.addForce(coef*rD.getAngularVelocity*rD.getAngularVelocity); 

"

UD?!l'*V4+"*+")(%3):'1!
"
%]""(+4%):'10"

l')+-("\+1?:1+]" PxVehicleEngineData 

IFU(%.%?+"\34-)3X]" PxVehicleClutchData 

D'�)+"*+">:)+00+"\?+%(U'P]" PxVehicleGearsData 

H:@@/(+1):+4" PxVehicleDifferential4WData 

$'-+0" PxVehicleWheelsSimData 

PxVehicleWheelData 

PxVehicleTireData 

"
U]"4+"3'10)(-3)+-("*+"4%"34%00+"PxVehicleDrive4W +0)"&(')/?/="Z4"1B+0)"&%0"&'00:U4+"*B:10)%13:+("3+))+"
34%00+=" Q%" 0'4-):'1" +0)" *B-):4:0+(" 4%"F/)X'*+" 0)%):R-+"create"*+" 3+))+" 34%00+=" QB%&&+4" 0B+@@+3)-+" %>+3"

4B'&/(%)+-("*+"(/0'4-):'1"*+"&'()/+"\::]"W"
PxVehicleDrive4W::create(…) 

 

Q+0"34%00+0"1/3+00%:(+0"0'1)"W"
−" PxPhysics ; 

−" PxRigidDynamic ; 

−" PxVehicleWheelsSimData ; 

−" PxVehicleDriveSimData4W."
 

"

UD=!$+4%):'1"*B%F:):/!
"
QB:10)(-3):'1"3:d*+00'-0"+0)"0-@@:0%1)+"&'-("*/@:1:("4B%F:):/"+1)(+"*+-P"34%00+0="I44+"*':)"c)(+"/3(:)+"*%10"4+"
@:3X:+("*+"*/@:1:):'1"*+"4%"34%00+"%33+&)%1)"4B%F:):/"\classe2]="

"
friend class Classe1; 

"
UDD!2('&(:/)/0"*+"4B%F:):/!
"
5+))+" (+4%):'1"1B+0)"&%0"U:*:(+3):'11+44+"W" 0:"classe1"+0)"%F:+"%>+3"classe2Y" 4%" (/3:&('R-+"1B+0)"&%0"

>(%:+="
5+))+"(+4%):'1"1B+0)"&%0")(%10:):>+"W"0:"classe1"+0)"%F:+"%>+3"classe2"+)"classe2"+0)"%F:+"classe3Y"

classe1"1B+0)"&%0"%F:+"%>+3"classe3="

I1"3%0"*BX/(:)%?+Y" 4B%F:):/"1B+0)"&%0"X/(:)/+="I1"+@@+)Y" 4B%F:):/"+0)"*/34%(/+"+P&4:3:)+F+1)"*%10"4%"34%00+"
R-:" (+n':)" 3+))+" %F:):/" \classe2]" +1" &(/3:0%1)" 4+" 1'F" *+" 4%" 34%00+Y" :=+=Y" classe1. 7:" -1+" 34%00+"

classe4"X/(:)+"*+"classe1Y"4%"*/@:1:):'1"*+"classe2"(+0)+":13X%1?/+Y"classe4"1+"*+>:+1)"&%0"%F:+"
%>+3"classe2="

"



MK""

"

UDN!5(/%):'1"*-">/X:3-4+!
"
%]"+1"-):4:0%1)"4%"F/)X'*+"0)%):R-+"create"*+"4%"34%00+"PxVehicleDrive4W"W"

PxVehicleDrive4W 

*vehDrive4W=PxVehicleDrive4W::create(physics,veh4WActor,wheelsSimData,driveSi

mData,nbNonDrivenWheels); 

 

U]"%00:?1%):'1">:)+00+"F%P:F%4+"*-"F')+-("
Q+0"*'11/+0"F+FU(+0"*+"4%"34%00+"PxVehicleEngineData 0'1)"&-U4:R-+0="Q%"F'*:@:3%):'1"0B+@@+3)-+"

&%("%@@+3)%):'1"*:(+3)+"W"
"
engine.mMaxOmega=628; 

"
Q+"F+FU(+"mDriveSimData"*+"4%"34%00+"PxVehicleDrive4W +0)"&-U4:3="QB%33V0"+1"4+3)-(+b/3(:)-(+"

+0)"%-)'(:0/=""
5+)"'U,+)"+0)"*-").&+"PxVehicleDriveSimData4W=""
2%(" X/(:)%?+Y" 3+)" 'U,+)" &'00V*+" 4%" F/)X'*+" setEngineData" *+" 4%" 34%00+" FV(+"
PxVehicleDriveSimData" R-:" &(+1*" 3'FF+" &%(%FV)(+" -1" 'U,+)" *-" ).&+" PxVehicleEngineData="

QB:10)(-3):'1" &+(F+))%1)" 4B%00:?1%):'1" *+" 4%" 1'->+44+" >:)+00+" F%P:F%4+" 0B+P&(:F+" 0+4'1" 4B+P&(+00:'1"
0-:>%1)+"W"
"
vehicleDrive4W!mDriveSimData.setEngineData(engine)"_"

"
3]"X/(:)%?+"*+"4B%F:):/"

−" */34%(%):'1" *-" F+FU(+" mEngine" \protected]" *%10" 4%" 34%00+" FV(+" *-" ).&+" *+" 4%" 34%00+"
%33+&)%1)" 4B%F:):/" \PxVehicleEngineData]=" 5+" R-:" &+(F+)" T" 4%" 34%00+" @:44+" *+" 3'1)+1:(" 3+"

F+FU(+"/?%4+F+1)="Q+0"F/)X'*+0"*+"4%"34%00+"@:44+"&+->+1)"F'*:@:+("3+"F+FU(+"_"

"
−" */@:1:):'1"*B-1+"F/)X'*+"&-U4:R-+"setEngineData" *+" 4%" 34%00+"FV(+"&+(F+))%1)" *+"F'*:@:+("

4B'U,+)"*+"4%"34%00+"%F:+"\PxVehicleEngineData]="Q%"34%00+"@:44+"%&&+44+"3+))+"F/)X'*+"&'-("

F'*:@:+("4+"F+FU(+"*-").&+"*+"4%"34%00+"%F:+"%>+3"4%"34%00+"FV(+"_"
"

−" 4%"(+4%):'1"*B%F:):/"&+(F+)"*+"F+))(+"+1"(+4%):'1"*+0"'U,+)0"*'1)"4+0"*-(/+0"*+">:+"&+->+1)"c)(+"

*:@@/(+1)+0=" Z4" 0-@@:)" 0:F&4+F+1)" *+" */34%(+(" 4%" 34%00+" %F:+" *%10" 4%" */@:1:):'1" *+" 4%" 34%00+"
%33+&)%1)"4B%F:):/="

5+&+1*%1)Y"+1"3%0"*BX/(:)%?+Y":4"0+(%"1/3+00%:(+"*+"3(/+("&%("*+0"(+4%):'10"*+"3'F&'0:):'1"4+0"F+FU(+0"

%33+&)%1)"4B%F:):/"*%10"4%"34%00+"FV(+="5+"R-:"+1)(%�1+(%"-1+"%(3X:)+3)-(+"4'?:3:+44+"3'F&4+P+"+)")(V0"&+-"
F'*-4%U4+=""
"

UDE!91%4.0+"*+"4%"@+1c)(+"*+"*+U-?!
"
%]"X:/(%(3X:+0"*+"34%00+0"

−" 4%"&(+F:V(+"W"PxBaseY"PxVehicleWheelsY"PxVehicleDrive"+)"PxVehicleDrive4W"_"
−" 4%"0+3'1*+"W"PxVehicleDriveSimDataY"PxVehicleDriveSimData4W"_"
−" 4%" )(':0:VF+" \1'1" >:0:U4+" F%:0" :F&4:3:)+]"W" PxActorY" PxRigidActorY" PxRigidBodyY"

PxRigidDynamic="

"
U]"3'X/(+13+"*+0"(/0-4)%)0"
Q%"@+1c)(+"*+"*+U-?"F'1)(+"4+"3'1)+1-"*+"4B'U,+)"gVehicle4W *+"4%"34%00+"PxVehicleDrive4W=""



MC""

2%(" X/(:)%?+Y" 3+)" 'U,+)" 3'1):+1)" 4+0" F+FU(+0" mWheelsSimDataY" mWheelsDynDataY" mActorY"

mDriveDynData (+0&+3):>+F+1)" %00'3:/0" %-P" 34%00+0" PxVehicleWheelsSimDataY"
PxVehicleWheelsDynDataY"PxRigidDynamic"+)"PxVehicleDriveDynData="

"
Q+"F+FU(+"mDriveSimData"%&&%(%�)"3'1@'(F/F+1)"%-"*:%?(%FF+"*+"34%00+0="
5+" *+(1:+(" 3'1):+1)" 4+0" 'U,+)0" *+0" 34%00+0" PxVehicleEngineDataY" PxVehicleGearsData" +)"
PxVehicleClutchData"&%("X/(:)%?+="

"
2%(" %:44+-(0Y" :4" 3'1):+1)" &%(" %F:):/" 4+0" 'U,+)0" *+0" 34%00+0" PxVehicleDifferential4WData" +)"
PxVehicleAckermannGeometryData="

"
3]"*:@@/(+13+0"%>+3"4+"*:%?(%FF+"*+"34%00+0"

−" 4%"34%00+"PxVehicleAutoBoxData"1B+0)"&%0"(+&(/0+1)/+"*%10"4+"*:%?(%FF+"alQ"_"

−" 4%" 34%00+" PxVehicleDriveDynData" %F:+" *+" 4%" 34%00+" PxVehicleDrive" 1B+0)" &%0"

(+&(/0+1)/+"*%10"4+"*:%?(%FF+"alQ"_"
−" 4%" 34%00+" PxVehicleWheelsDynData" %F:+" *+" 4%" 34%00+" PxVehicleWheels" 1B+0)" &%0"

(+&(/0+1)/+"*%10"4+"*:%?(%FF+"alQ"_"
−" 4+0" 'U,+)0" *+0" 34%00+0" PxVehicleAntiRollBarDataY" PxVehicleTireDataY"

PxVehicleSuspensionData"+)"PxVehicleWheelData"1B%&&%(%:00+1)"&%0"*%10"4%"@+1c)(+"*+"

*+U-?"3%("+44+0"0'1)"3'1)+1-+0"*%10"4+"F+FU(+"mWheelsSimData"_"
−" 4B%F:):/" +1)(+" PxVehicleDrive4W" +)" PxVehicleWheelsSimData" 1B%&&%(%�)" &%0" *%10" 4%"

@+1c)(+"*+"*+U-?="

"
UDF!l%)(:3+0"*+"(')%):'1"+)"*+")(%104%):'1!
"
a1+"0'4-):'1"&'00:U4+"&+-)"c)(+"-1+"(')%):'1"*+"GOj"*%10"4+"0+10")(:?'1'F/)(:R-+"%-)'-("*+"4B%P+"."0-:>:+"

*B-1+")(%104%):'1"*+"\dOYA"_"O"_"OYL]=!
"
Q%"F%)(:3+"*+"(')%):'1"0B+P&(:F+"W!

"

D¬E P ¬%§�& P � ¢£\ §� � \MN §� �� : � �X\MN §� � ¢£\ §� �� � � :�p�
� � : �� : � �X: � � �� � � :�"

"
Q%"F%)(:3+"*+")(%104%):'1"0B+P&(:F+"W!

D«E P �: � � X�a(� : � �� � : �a�� � � : �"
"
UDM!5%43-4"*+"4%")(%10@'(F%):'1"*-"&':1)"9!
"

D�E P D«ED¬Ep�: � � X�a(� : � �� � : �a�� � � : � � � � : �� : � �X: � � �� � � :� P � � � : X�a(� : � �X: � � �a�� � � : �"
D�Esp� � � : X�a(� : � �X: � � �a�� � � : � ��a:��a:: � P �X�a:��a�: �"

Q%")(%10@'(F%):'1"*-"&':1)"9"@'13):'11+"+)"+0)"3'((+3)+="
"
"



MG""

"

UDJ!6U,+)0"3+1)(/0"0-("4B'(:?:1+!
"
H+" F%1:V(+" ?/1/(%4+Y" 4+0" 'U,+)0" 0'1)" 3(//0" :1*:>:*-+44+F+1)Y" 3+1)(/0" T" 4B'(:?:1+Y" +)" 0'1)" +10-:)+"
3'((+3)+F+1)" &4%3/0" \)(%104%):'1" b" (')%):'1" b" )%:44+]" &%(" 4%"F%)(:3+" *+" )(%10@'(F%):'1Y" 3+" R-:" &+(F+)" &%("

+P+F&4+"*+"3(/+("&4-0:+-(0":10)%13+0"*-"FcF+"'U,+)"T"*+0"&'0:):'10"*:@@/(+1)+0Y"+1"-):4:0%1)"-1"0+-4"+)"
FcF+"'U,+)"MH="
"
UD@!2'0:):'11+F+1)"*+"4%"3%F/(%!
"
?4-Q''s9)\OYOYOYOYOY!YOY!YO]_"
"
UN>!5'+@@:3:+1)0"*+"4%"F%)(:3+"*+"&':1)"*+">-+!

"

` P ®¢¯N°¯±² X ¯e¯²¢¯N°¯±³ X ¯e¯³¢¯N°¯±´ X ¯e¯´µ P ®� X �� X �: X �µ P ®��:µ"
"g P `¶`¶ P ®��:µ"
"

·¸ P ®¹º²¹º³¹º´µ P ®�:�µ"
"

·¸»» P ·¸¶·¸¶ P ®�:�µ"
"
"

¼ P g2 _2·¸»» P ®��:µ _"®
�:�µ P ®X:�� µ"

"

½ P g _ ¼¶¼¶ P ®��:µ _ ®
X:�� µ P ® �X:� µ"

"
"
UN?!l%)(:3+"*+"&':1)"*+">-+!
"

� P � \D�E \D:E \D(E �¹D�E ¹D:E ¹D(E �X�D�E X�D:E X�D(E �� � � :� P �X: � � �� X: � �� � X: �� � � :�"
"
UN=!2':1)"9"+)"F%)(:3+"*+"&':1)"*+">-+!

"

s» P D�Es P �X: � � �� X: � �� � X: �� � � :� �
X�a:��a�: � P � �a:�X�a�: �"

"

UND!91?4+0"¾"+)"¿! À P ÁÂÃVÁ� TÄT[2 P ÁÂÃVÁ� §a:¨aÅ P �Æa§Å2Ç"
È P 2ÁÂÃVÁ� T�T[2 P ÁÂÃVÁ� �a(¨aÅ P :a�Å2Ç"



LO""

"

"
UNN!IP&(+00:'1"*+"É"+1"@'13):'1"*+""À"+)"È"

= !
"
g'-0"1'-0":1)/(+00'10"%-")(:%1?4+":0'3V4+"'-"ÀrÈ"+0)"3'11-"+)"@:P/"T2�Æa§Å O :a�Å P �¨a�Ç="
"
2%("4%"4':"*+0"0:1-0Y"'1"'U):+1)"! T¡\MN2%Ê& P Á\MN2%É&"
H%10"4B%-)(+")(:%1?4+Y"&%("3+))+"FcF+"4':"W!
" �Á\MN2%À O È& P T¡\MN2%Ë X Ê&"
"
2%("3'F&'0:):'1Y"0-U0):)-):'1"*+"T¡W!
" T¡ P Á2\MN2%Ê&\MN2%É& P �Á2\MN2%Ë X Ê&\MN2%À O È& "
I1"0:F&4:@:%1)"&%(ÌY":4"(+0)+"W! \MN2%Ê&\MN2%É& P �2\MN2%Ë X Ê&\MN2%À O È& "
HB'}! \MN%É& P 22 \MN%À O È& \MN2%Ê&�2\MN2%Ë X Ê& P \MN%À O È&�2 "

Z4">:+1)"W"" 2É P Í±¢\MN2%\MN%À O È&�2 &"
"

UNE!y%4+-("*+"Î"+)"Ï! É P Í±¢\MN Ð\MN%À O È&�2 Ñ P :�a©ÆÇ"
U P"À O 2È O É P �Æa§Å O :a�Å O :�a©Æ P Å§a�ÆÇ"
"
UNF!$x4+"*+0"*:0)%13+0"&('3X+"+)"4':1)%:1+!
"

Q+"@%:)"*B:F&'0+("-1+"*:0)%13+"&('3X+"+)"-1+"*:0)%13+"4':1)%:1+"@%3:4:)+"4%")(%10@'(F%):'1"F%)X/F%):R-+"*+"
4%"&+(0&+3):>+"3%("4+0"A"&4%10"&%(%44V4+0"@'(F/0"*/4:F:)+1)"-1"0'4:*+"@:1:"\)('13"?/'F/)(:R-+]="5+"0'4:*+"*+"
C"0'FF+)0"%>+3"A"&4%10"&%(%44V4+0"+0)"U+%-3'-&"&4-0"0:F&4+"T")(%10@'(F+("+1"-1"3-U+"1'(F%4:0/"R-B-1"

>'4-F+"1'1"U'(1/="



L!""

H+" &4-0Y" 4%" */@:1:):'1" *B-1+" *:0)%13+" 4':1)%:1+" &+(F+)" *B/4:F:1+(" :10)%1)%1/F+1)" )'-0" 4+0" 'U,+)0" )('&"

4':1)%:10"*+"4%"03V1+Y"3+"R-:"&+(F+)"*B%33/4/(+("4+0"3%43-40=""
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// Création de la matrice de perspective 
double zFar =  100; // Plan éloigné (100m) 
double zNear = 0.1; // Plan  proche (10 cm) 
double pRes[16]; 
// Définition de l’angle d’ouverture en radian 
 
double theta = 60*3.14156/180;                    
double cotantheta2 = 1.0/tan(theta/2); 
// Remplissage de la matrice de projection qui doit être remplie colonne par 
colonne, et non pas ligne par ligne (norme OpenGL) 
pRes[0] = cotantheta2 ;         
pRes[1] = 0;         
pRes[2] = 0;         
pRes[3] = 0;         
pRes[4] = 0;         
pRes[5] = cotantheta2 ;         
pRes[6] = 0;       
pRes[7] = 0;         
pRes[8] = 0;         
pRes[9] = 0;         
pRes[10] = (zFar +zNear)/ ( zNear - zFar) ;  
pRes[11] = -1;        
pRes[12] = 0;        
pRes[13] = 0;        
pRes[14] = (2 * zFar * zNear)/ (zNear - zFar) ;        
pRes[15] = 0 ;        
// Utilisation de la matrice de projection 
glMatrixMode( GL_PROJECTION ) ; 
glLoadIdentity(); 
glMultMatrixd(pRes); 
// Angle de rotation en degré de la caméra autour de l'axe Y vertical au sol 
double angleY = 162.11; 
// Angle de rotation autour à l'axe X pour orienter la caméra vers le sol 
double angleX = 25; 
// Coordonnée de translation en mètres de l'origine à la position du 
rétroviseur 
double X = 0.2; // décalage du rétroviseur par rapport au flanc: 20cm 
double Y = 2.15; // hauteur du rétroviseur sur le camion : 2m15 
double Z = 0; 
// Les angles de rotations et distances de translations doivent être négatifs 
(car cela concerne une translation des sommets vers la caméra, et non une 
transformation de la caméra elle-même) 
double* pTransfo1 = GetTranslationGLMatrix(-X, -Y, -Z); 
double* pTransfo2 = GetRotationGLMatrix(AXIS_X, - angleX); 
double* pTransfo3 = GetRotationGLMatrix(AXIS_Y, - angleY); 
// Multiplication de la matrice de projection par les matrices de mise en 
place de la vue 
glMultMatrixd(pTransfo1);  
glMultMatrixd(pTransfo2); 
glMultMatrixd(pTransfo3);          
// Utilisation de la matrice de transformation du modèle pour les opérations 
suivantes de positionnement des objets 3D 
glMatrixMode( GL_MODELVIEW ) 
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