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Sound Engine

Input Engine
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Poll input device
for player input
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For each frane
Check all collision points for track intersection
For each whee
Updat e position of suspension
Apply effect of acceleration and turning
Add wheel force to car body

End For
If collisions have occurred, calcul ate response

Apply collision response forces to car body
Apply wheel forces to car body

Apply drag and gravity forces to car body

Cal cul ate new position of car body and wheels

End For

& y ooy ]



c
Xz

6 /
1
/
.
.1 4
/
/
/ my
12
1 /
my +——— Car body
+—————— Coil spring
k
’_\ < Shock absorber

—— Wheel

3

/

&l
/ 1
1
@ 8>8: 89H

12

m2 1ll



1 / 6 71
my / X X, 1
/ X - %1
& X = X, 1 Fo=-Kk(x - x)1
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Get the current angular velocity of one of the drive wheels
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Calculate the RPM (revolutions per minute) of the engine
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Calculate the engine torque
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Calculate engine torque distribution
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Calculate the slip ratio for each drive wheel
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Calculate the traction force for each drive wheel
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Normalized Slip Ratio Curve

Normalized Longitudinal Force

Slip Ratio (%)
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Calculate the traction torque for each drive wheel

4 / . M .

T

traction
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Calculate the total torque for each drive wheel
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drive torque

o
j traction torque
rotation
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traction force
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Tvvhed = Tengine + Tbrake + Ttraction 6 411 7
Calculate the angular acceleration and angular velocity for each wheel
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Calculate the car sideslip angle
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b =tan (i)

long
Vlat N 6 L 7 Vlong N
Calculate slip angle for each wheel
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Calculate lateral force for each wheel
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normal xposition
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For all collision points on car body
If point has collided with track (point-triangle intersection)
Calculate collision force in triangle normal direction
Calculate friction force in plane of triangle
Add collision and friction forces
Add total force to rigid body at point of collision

End | f
End For
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<For m Bounds="20, 20, 300, 300"
BackCol our =" Bl ue" >
<Label Bounds="0, 0, 280, 280"
Font Si ze="30. 0"
For eCol our =" Wi t e"
Text="Hel lo World" />
</For n»
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Metric
Lines of code
Number of classes
Number of methods

Average memory usage

?*
' (,#2
 #2
/
r /
!
3 ity
7
$
/
/
1 $M 4
@I

1
/ 1
C# C++
6168 6319
42 54
263 264
80Mb 40Mb
/ 2 * W
1
/[* 3 1B ' (
/* 3 , #2
r 1
$
1% I J6
3 1
/ 12
1
0D . $
%94 B
F F # 1B
[

%0



@*

% $ 1=
I / %% 6
/ 4 $ 7
! / 1
4 I $1
/
1 & % . $
/ 1, 4 GH
1 6 7 /
/ / 1 *
/ " 1
- -1
4 . $ %
1

/1 C# code

Font Descri pti on tDesc = new Font Description();
t Desc. FaceNane = “Arial”;

if (bBold) tDesc.Wight = Font Wi ght. Bol d;

t Desc. Hei ght = 12;

tDesc. Quality = FontQuality. C ear TypeNatural ;
Font pFont = new Font (pDevi ce, tDesc);

/1 C++ code

Font Descri pti on tDesc;

Zer oMenor y( & Desc, sizeof (t NewDesc)) ;
strcpy(tDesc. FaceNane, “Arial”);

if (bBold) tDesc.Wight = FWBOLD;

t NewDesc. Hei ght = 12;

t NewDesc. Qual ity = 6;

| D3DXFont pFont;

D3DXCr eat eFont | ndi rect (pDevi ce, &t Desc, &pFont);
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/1 C# code

try {
/] test the cooperative level to see if it's okay to render
m pDevi ce. Test Cooper ati veLevel ();

catch (Devi celLost Exception) {
/1 if the device was lost, do not render until we get it back
return;

catch (Devi ceNot Reset Exception) {
/'l reset the device
m pDevi ce. Reset (m _pDevi ce. Present ati onPar aneters) ;

}

/1 C++ code
/'l test the cooperative level to see if it's okay to render
i f (FAILED(hr = m pDevi ce->Test CooperativelLevel ())) {
/1 if the device was lost, do not render until we get it back
if (hr == D3DERR_DEVI CELCST)
return;

/1l check if the device needs to be reset
i f (hr == D3DERR_DEVI CENOTRESET) {
i f (FAILED(m pDevi ce->Reset (&m t Present Parans)))

return;
}
}
( $ % 1 & &
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/1 C# code

Matrix tMatrix = Matrix.ldentity;

tMatrix = Matrix. RotationY(Math.Pl);

Vect or 3 t Wheel Position = pWeel . Attach;

tMatrix. Multiply(Matrix. Transl ati on(tWeel Position));

/1 C++ code

Matrix tMatrix;

D3DXMat ri xl dentity( & Matrix);

D3DXMat ri xRot ationY(& Matrix, Pl);

Vect or 3 t Wheel Position = pWeel ->Att ach;

D3DXMat ri xMul tiply(& Matrix, & Matri x,
D3DXMat ri xTransl ati on(&g_t TempMatri x, tWeel Position.x,
t Wheel Position.y, tWeel Position.z));
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Desktop PC Laptop
In-Game Replay In-Game Replay
1024x768 1400x1050 1024x768 1400x1050 1024x768
C#  C++ C# C++ C# C++ C#  C++ C# C++ C#  C++
I/ /
/1
Desktop PC Laptop
Processor AMD Athlon 2000+ Intel Pentium P4 3.0GHz
Memory 512Mb 266MHz DDR RAM 1Gb 400MHz DDR RAM

Graphics Card

ATI Radeon 9600Pro

ATI Mobility Radeon M10

/

Desktop PC Laptop
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1D/

Torq.Graphics.ShadowVolume.AddEdge
This method is used to construct the
silhouette used in shadow volume extrusion
Microsoft.Direct3D.Device.Present

This method presents the contents of the
buffer to the graphics card

1 ! /

12

1024x768
1400x1050
1024x768

1400x1050

( %

C#( s)

120.1

120.6

168.8

879.0

C++( s)

120.1
121.6
2121

864.8
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Method Timings

1024x768
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mC++
oC#
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How would you rate the following areas of the game?

Compared with other driving games, would you say the following

areas are similar?
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