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Abstract

A purpose of this project is to develop Physics Engine for 2.5 dimensions games based on 2D
Physics Engine called Farseer Physics Engine. Our Physics Engine is developed by using C# and XNA
Framework. The 2.5 dimensions Physics Engine capabilities are force, impulse, collision, friction and
restitution. We also develop sample scenes that use our 2.5 dimensions Physics Engine to observe the
result of our Physics Engine. Finally, we provide the 2.5 dimensions Physics Engine with an APl as a

result.
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Chapter 1

Introduction

1.1 Rationale

A Physics Engine is a program that simulates physics models, using variables such
as mass, velocity, friction, and wind resistance to simulate and predict effects under different conditions that
would approximate what happens in real life or in a fantasy world. It is used to make video game more
realistic and enjoyable, by controlling objects movement in game from physics model. Like objects drop from
high ground and bounce up, or collision between objects, projectile of objects — bullets, balls, cannonball and
so on. While most games currently have a semblance of physics but do not actually use a complex Physics
Engine, they just make common things react the way you would expect them to leave it alone from there.
Games are lost credibility if their physics model is incorrect. On the other hand, if you get the physics right,
your game will be praised by the game community. The Physics Engine is developed by many developers
and is implemented into various computer languages, like C++, java, C#, .net. They also come with a lot
features and well-developed API, in both 3D and 2D engine that help developers comfortable to implement

and integrate Physics Engine into their game.

However the Physics Engines never have been used in 2.5D game before. The problem is in 2.5D
games Physics Engine you have to handle 2D environments & 2D objects in 3D manner. In 2D game there
only have two axes, x and y. So it should be rather easy. For 3D games they consider to be hard than 2D, but
at least they already run on three dimensions environment. However, for 2.5D games, they only have two
axes and 2D objects but they have to simulate like they were in 3D world. In order to adapt physical engine to
2.5D games, you have to be able to tell whether objects are near or faraway (depth of object); For example,
look at picture below, without any clue to indicate depth of red ball in the picture, you cannot be sure that red

ball is flying above square 1 or it is just sitting on square 2. (Figure 1.1)



Figure 1.1 A red ball without shadow

Figure 1.1 shows that, without z index (depth), you cannot know position of a red ball, whether it is

flying or it just stays still.

If you do not know current position of the object, then how can you calculate the object motion? So
you need something to be reference of where the object is near or faraway. You can either setup z index that

related to depth of object or attach shadow to the object, so you can tell object’s position clearly. (Figure 1.2)

Figure 1.2 A red ball with shadow

With z index we can compute physical process to predict where the ball will fall on, even its

background and objects are 2D but they interact like they were in 3D world.

In many of Physics Engine, we choose Farseer Physics Engine to be used in our project. Because it is
open source program and develops from C#, and it has been designed for using in XNA and Silverlight. XNA
is also a great tool to be tested, because it is easy to develop and it builds under OOP principle that we
already have experience, and the fact that games are developed from XNA, so it can run on both XBOX360
and PC, which make XNA were an interesting choice.



At the end of the project, we test 2.5D Physics Engine and compare it with a 2D Physics Engine. We

also estimate the efficiency and observe the output between our Physics Engine and the 2D Physics Engine.

1.2 Objective

Our objective is to develop Physics Engine for 2.5D XNA game by using 2D Farseer Physics
Engine. Generally, the Physics Engine can perform collision detection and physics response, which can

simulate force, impulse, torque, friction and restitution on rigid body.

1.3 Scope of Study

We develop Farseer Physics Engine for 2.5 dimensions games, compatible on both xbox360 and PC.
Physics models implemented in 2.5 dimensions Physics Engine are including force, impulse, torque, kinetic
and friction. We test our Physics Engine by comparing between our Physics Engine and traditional 2
dimensions Physics Engine. Besides, we also develop it to not be too complicate and focus on skimpiness, so

that it can be easily used and understandable by other developers.

In order to develop Farseer Physics Engine to be used with 2.5D game, we have to understand the
difference between 2 dimensions and 2.5 dimensions. First of all, in 2 dimensions games, all objects are
simple, plain 2d images. So there have only 2 axes which are X- and Y-axis. Therefore, to calculation of
physics model in 2 dimensions is forthright and only involves with X- and Y-axis. In contrast, 2.5 dimensions
(pseudo-3D), all objects are just 2D images similar to 2 dimensions, but we have to simulate the plain 2d
images like they are in 3 dimensions. Therefore, this does not concern with only X- and Y-axis but also the

depth - or so called Z-index.



1.4 Organization of the special project

The following chapters of this special project consist of:

Chapter 1 describes the goals and scope of our project. Summary of project purposes, objective and

benefits.

Chapter 2 is an explanation of related literature of Physics Engine. This chapter also provides

references of information in order to understand and develop this project.

Chapter 3 covers the methods we have done to develop Physics Engine for 2.5D Game by using

Farseer Physics Engine in order to make it works properly in 2.5 dimensions.

Chapter 4 shows the results of our 2.5D Physics Engine. We also create demo scenes for testing and

comparing the results between original Farseer Physics Engine and our 2.5D Physics Engine.

Chapter 5 covers conclusion and recommendations of our project.
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2.3.2 Physics Response

The physics response is one of components in Physics Engine, which been active when 2 geometries
collide with each other. The Arbiter class in the “Narrow phase” is responsible for the calculations of
impulses when a collision happens. If we get a little more technical, what actually happens is that the contacts
calculated in the narrow phase collision detection gets an impulse applied so that the geometries behave like

real physics.

You can also apply manual impulses to a body. (The body controls dynamics and the geometry that
controls collision, but arbiter controls geometry impulses that are related to collisions.) You can apply 3 kinds
of forces/impulses to a body. The forces and their methods are listed below:

1) Force
2) Impulse
3) Torque

Force is used to accelerate a body. You can apply it to the whole body or at a specific point on the

body. You can use this to add a jetpack on your character as the jetpack accelerates over time.

oy

Force changes the acceleration of an object. For example, when we hit a baseball the acceleration of
the ball is changed because we applied force (in the form of swinging a bat) to the ball. If the ball was pitched
to us, then it had a positive acceleration coming toward us; when we hit it we changed the acceleration to the

negative direction.

Force is a very important concept in physics. This is understandable because it is constantly in effect.
For example, even when we are sitting down there is a force of gravity keeping us in the chair. The first
example with the baseball is considered contact force, as an object (the bat) made contact with the ball to
make it change its acceleration. Gravity is considered a field force (or a force-at-a-distance) because it does
not have to have contact with the object while applying force. Gravity causes items to be drawn to the Earth’s

core. This is why we can sit (and stand) and not float about. This is why we have weight. It is all because of

gravity.
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Impulse is used to make an impulse on a body. Impulse updates the body’s velocity instead of
accelerating the body like force. You can use this to make your game character jump. A jump is an instant

change in moment and does not accelerate.

Impulse is defined as a force that acts over a very short period of time. For example, the force
exerted on a bullet when fired from a gun is an impulse force. The collision forces between two colliding

objects are impulse forces, as when you kick a football or hit a baseball with a bat.

More specifically, impulse is a vector quantity equal to the change in momentum. The so-called
impulse-momentum principle says that the change in moment is equal to the applied impulse. For problems

involving constant mass and moment of inertia, you can write

Torque is used to apply torque (rotation) to your body. You can make wheels tutn or make boulders

run up hill.

2.4 Farseer Physics Engine Classes Overview

The important classes that involve with Farseer Physics Engine are listed below.

2.4.1) PhysicsSimulator

The physics simulator manages all physics objects while the simulation is running. It controls the

update loop for the simulation.
Public Properties
® GwmetryLi;t
The list of geometries that are part of the simulation.
© BodyList

The list of bodies that are part of the simulation.



® JointList

The list of joints that are part of the simulation.

® ControllerList

The list of controllers that are part of the simulation.

® Vector2 Gravity

The gravity currently applied to objects in the simulation.

Public Methods

© Add(Geometry)

Adds a Geometry to the simulation.

® Add(Body)

Adds a Body to the simulation.

® Add(Controller)

Adds a Controller to the simulation.

® Add(Joint)

Adds a Joint to the simulation.

® (Clear()

Clears all physics objects from the simulation. More specifically, it clears Bodies, Geometries,

Joints, Controllers, and the internal Arbiters.

® Geometry Collide(Vector2 point)
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Checks to see if a given point collides with any geometries in the simulation. If it does, the geometry

is returned. If it does not, null is returned.

PhysicsSimulator()

Constructor that defaults to zero gravity.

PhysicsSimulator(Vector2 gravity)

Constructor with gravity.

Remove(Geometry)

Removes a Geometry from the simulation.

Remove(Body)

Removes a Body from the simulation.

Remove(Controller)

Removes a Controller from the simulation.

Remove(Joint)

Removes a Joint from the simulation.

Update(float dt)

dt is the time in seconds. This method steps the simulation forward in time. It should be called
continuously in an update loop while the game is running. This method assumes a fixed time step

(dt). This means the value of dt should be the same each update call and it should be called with a

frequency equal to dt.

For example, if you want to update the simulation at 100 frames per second, you would call update

every 10 milliseconds and pass .01 (10ms converted to seconds) as your value for dt.
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2.4.2) Body

Bodies are the core physics objects. Forces, torques, and impulses are applied to bodies and the

bodies react by moving realistically. Bodies do not contain any form of collision geometry by themselves.

Public Properties

AngularVelocity

The rate at which a body is rotating

Enabled

Sets whether or not the body will take part in the simulation. If not enabled, the body will remain in

the internal list of bodies but it will not be updated.

Force

The total amount of force that will be applied to the body in the upcoming loop. The Force is cleared

at the end of every update call, so this value should only be called just prior to calling update.

Torque

The total amount of torque that will be applied to the body in the upcoming loop. The Torque is

cleared at the end of every update call, so this value should only be called just prior to calling update.

TotalRotation

Returns the total rotation of a body. If a body spins around 10 times then TotalRotationwold return 2
* Pi * 10. This property is mostly intended for internal use by the angle joints and springs but it

could be useful in some situations for game related things.

Position

Gets the position of a body in Vector2. It returns X and Y position of the body on the screen.
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® Rotation

Gets or sets the rotation of the body.

® LayerDepth

Gets layer depth of a body which can be used in XNA Draw method. In order to draw body’s

appropriate layer.

Public Methods

® ApplyForce(Vector2 amount)

Apply force to a body.

2.4.3) Geom

The geometry class is the heart of collision detection. A Geom need a body and a set of vertices for

its geometry.

Public Properties

® InSimulation

Returns true if the geometry is added to the simulation.Returns false if the geometriy is not.

® Body

Gets the Body attached to the geom.

® FrictionCoefficient

Controls the amount of friction a geometry has when in contact with another geometry. A Value of
zero implies no friction. When two geometries collide the average friction coefficient between the

two bodies is used.
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RestitutionCoefficient

The coefficient of restitution of the geometry controls how bouncy an object is when it collides with
other geometries. Valid values range from 0 to 1 which 1 implies 100% restitution (perfect bounce)

whereas 0 implies no restitution (think a ball of clay).

AABB

Gets or sets the Axis Aligned Bounding Box instance of the geom.

CollisionEnabled

Gets or sets a Value indicating whether collision is enabled.

CollisionResponseEnabled

Gets or sets a value indicating whether collision response is enabled.

If 2 geoms collide and CollisionResponseEnabled is false, then impulses will not be calculated for
the 2 colliding geoms. They will pass through each other, but will still be able to fire the-OnCollision

event.

CollisionGroup

Gets or sets the collision group. If 2 geoms are in the same collision group, they will not collide.

CollisionCategories

Gets or sets the collision categories.

CollidesWith

Gets or sets the collision categories that this geom collides with.

Tag

Gets or sets the tag. A tag is used to attach a custom object to the Geom.
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® JsSensor

Gets or sets a Value indicating whether this instance is a sensor. A sensor does not calculate impulses

and does not change position (it's static). It does however detect collisions.

Sensors can be used to sense other geoms.

Public Methods

® SetBody(Body bodyToSet)

Sets the body attached to this geom.

® Collide(Vector2 position)

Checks to see if the geom collides with the specified point.

® Collide(Geom geometry)

Checks to see if the geom collides with the specified geom.
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Chapter 3

Physics Engine for 2.5D XNA Game

This chapter covers the methods we have done to develop Physics Engine for 2.5D Game by using
Farseer Physics Engine in order to make it works properly in 2.5 dimensions. We describe changes and

improvements we did to Farseer Physics Engine. After that, we show our improved 2.5D Physics Engine.

3.1) Change from Vector2 to Vector3

In Farseer Physics Engine, object is restricted to only 2 dimensions(X and Y). So, to reach our

objectives we have to adapt Farseer Physics into 2.5 dimensions.

First we implement Z dimension to our game by declare Z axe to each objects, to represent the depth

of objects in game’s world.

internalVector3 position3D =Vector3.Zero;
internalVector2 drawPosition =Vector2.Zero;

But game still is a 2 dimensions picture, it’s not have depth of image so we need method to translate

3 dimensions into 2 dimensions for draw object in to the game.

internalvoid 3DTo2DPositiono
{

drawPositionX =position3DX -(floatxpositionZ /Math.Tan(180 -
physSimAngle)*Math.PI s/180);

drawPositionY =physSimHeight -(position3D.Y +positionZ);
if(ground.ObjectGeom 1=null)

drawPositionY =groundDistanceObjToGround;

basePosition =drawPosition;

By setting physSimAngle variable to the game can indicate angle of depth of the game, for angle of

object moving in/out in Z direction.(Figure 3.1)
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int angleInZ Axis)

depth is the depth of the platform.

position3D is the position of the platform in 2.5
dimensions.

rotation is used to rotate the platform.

shadowlmage is the texture image used to be drawn under
the platform.

angleInZAxis is the angle of the platform in Z axis.






