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3. Abstract

This project is to produce a particle engine and tool for use on the PSP development kit.
This will require the student to use an industry standard PSP development kit and SDK.
The project is suitable for a proficient programmer and is ideal for someone hoping to
work in the games industry.

4. Introduction

In the recent years video games have been gradually becoming more and more realistic in
terms of presentation and simulation. In this technological race for games that feel and
play better many software and hardware techniques have been developed to make it
possible for more complex elements and structures to be created and manipulated
efficiently.

In the attempt to simulate our reality or to visually describe imaginary worlds, there are
many different elements to be realized, each having a number of possible
implementations, with each of these implementations presenting their own unique
technical difficulties. Choosing the correct way to represent these elements in an efficient
yet easy to manipulate way is often a task of finding the middle ground between the
possible implementations.

One of the elements required in modern games and simulations is to have physics

realisticenough s o t hat the visual feedback comes i
expectations about the world they are currently experiencing. Accurately simulating real

world physics can be a very complex topic but luckily there are already many techniques

available today for approximating the behavior of physical elements.

The way that such physical elements are usually described in an artificial way is to break

down large things into less complex individual pieces, a process which is usually different

compared to the everyday experience. As an example, in the natural world the rain as a

concept can be thought as a single element of water falling from the skies; people do not

need to care about the mechanics of this process because it happens automatically.

When attempting to describe systems such as the rain in an artificial environment

though, each individual drop of the rain and their natural properties such as the size, the

speed and the driving Hfaeertcche taker intotatcaunt.dr op’ s
Moreover the appropriate techniques for visualizing that behavior on the screen need to

be chosen.

In the above example the rain can be treated as a system and each drop as a smaller
element which is part of that system. Understanding the techniques for simulating such
systems in a precise and efficient way can lead into games with impressive visual
feedback that look and feel right or visualizing complex systems and behaviors in
applications of other scientific fields such as astronomy, engineering and mathematics. It
is these systems and their individual elements-the particles that will be discussed
throughout this project.



The main aim of this project is to face the technical challenges that arise when trying to
simulate complex particle systems in devices that present hardware restrictions and
constrains such as a portable gaming device, more specifically the PSP.

5. Particle Systems

5.1.What is a particle system ?

Particles are objects that have mass, position and velocity and respond to forces but that
have no spatial extent (WitkinAndrew, 2001). Therefore, they can be treated as any other
game object, except that they do not consume any game space. This means that they
could in theory appear anywhere and disappear at any time, they still though need to
obey any external physic laws set in the simulation. There are no new to computer
graphics and there have been used for creating special effects in motion pictures as early
as 1982 in Star Trekl: The Wrath of KhafParamount, 1982).

A particle system allows you to show organic-looking graphics displays without manually
creating each part of the graphic. You can use algorithms to generate the effects on the
fly without storing tones of image data (BarronTodd, 2003). There are two ways that a
particle system is seen: from “outside” the model should look like a monolith, a single
point in the space. From within, the model should be structured; a collection of distinct
interacting objects (WitkinAndrew, 2001).

As looked from the inside, a particle system is made out of a set of particles. These
particles do not communicate with each other; it is rather the particle system or another
external force that controls their behavior. From the outside, the particle system appears
as a solid representation of a physical phenomenon such as fire, sparks, water, clouds,
dust, hair, grass and other similar effects.

A particle system is made of a set of particles and a number of mechanisms for
controlling the behavior of these particles throughout the simulation. These mechanisms
include a way to control the flow of the particles by deleting and creating new ones as
needed and a way to affect the physical properties of the particles as the simulation
progresses in time.

5.2.Uses of particles systems

Except for creating special effects in motion pictures, particle systems have played a
major role in aiding the visualization of experiments in various scientific fields such as in
particle physics, cosmology and mathematics. The main focus point of this project though
is how particle systems are used in real-time applications and more specifically in video
games.

While not the first, one very good example of uses of particle systems in early gaming
goes back to the very successful turn-basedst r at egy game “ UFO
published by Microprose in 1994. Particle effects used in that game include smoke and
sparkles. Nowadays almost every game title includes at least a simple component
responsible for creating particle effects in its engine and its used for displaying many
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kinds of real-life or metaphysical phenomena such us simulating a realistic explosion or
casting a visually impressive spell as a mage in a fantasy game.

5.3.Particle attributes

The first thing we need to think about when designing a particle system is the particle
itself. There are many ways to describe a particle and its properties in a simulation but
there are some standard ways that seem to offer the required flexibility and have been
used throughout a large number of implementations.

The most important attributes of a particle (HawkingKevin & AstleDave, 2002) are
described below and they are the absolutely minimum starting point for creating particles
that are controllable in our simulation.

Position:A particle that exists in the world and needs to have a way to describe its
position in space. The typical way to do this is using a vector with its components number
depending on the number of dimensions our simulation is running in.

Velocity: Every particle is moving and therefore we need a way to record this movement
and perform the required calculations. In order to describe a movement in space, we
need to know about the direction the particle is moving towards and its speed. Both of
these elements can be described using a vector, with its components number also
depending on the number of dimensions of our simulation.

Size:Each particle can be of a different size relevant to a standard unit. This value can be
either a single number describing the magnitude against the standard size or a vector if
we want to allow our particles to have the ability to appear stretched.

Life Span This value describes the time since the particle was emitted or till the particle
completely decays. It is often called the energy of the particle as it describes the same
concept. By monitoring this value, we can progressively change the way the particle is
represented and of course deactivate the particle at the right time.

class Particle {
Vector position ;
Vector velocity;
Real size;
Real life;

These four basic attributes do not form a complete particle description in anyway and
depending on the exact implementation and the effect to be achieved, there are a
number of additional attributes that can be added. There are two different approaches
when adding these additional attributes. One is extending this class and creating a new
class for a more specific kind of particle. The other is to insert into this basic Particleclass
all attributes needed for describing any kind of particle. While the first approach is
significantly cleaner, the second one can be proven a good alternative when it comes to
easier memory management and efficiency.



If a more accurate physics model is used to move the particles then the introduction of
additional attributes is needs. If the particles for example can collide with each other or
other objects, attributes such as the mass of the particle and its elasticity might be of
great importance. In addition, there might be the need to keep a record of all the forces
acting on a particle while the simulation is running and therefore a vector attribute needs
to be introduced.

A color or alpha value can be also used to determine the color, transparency or intensity
of the particle. In addition, in case the graphical representation is performed using
textures, there might be the need render that texture in different ways, such as
displacing the origin of the texture coordinates. Another attribute that can be added for
efficiency reasons is whether the particle is currently active or not. The mechanism
behind that is explained in the efficiency section.

Adding some extra attributes will make the particle description significantly more
complex.

class Particle {
Vector position;
Vector lastP osition;
Vector forces ;
Vector velocity;
Vector acceleration ;
Real mass;
Real elasticity;

Real size;
Real alpha ;
Vector2 tex ture Origin ;

Bool active;
Real life;

Adding more and more attributes could in fact turn the particle into a typical geometry
object and for some cases it could be considered a good option to actually derive the
particles straight from such a class.

5.4. Particle generation

When it comes to the creation of the particles, there are two different types of particle
systems: the static and the dynamic. A static particle system is one that has a pre-emitted
finite amount of particles set up in a specific layout as soon as the simulation starts. In
this case there is no need for new particles to emerge during the simulation but there
might still be forces altering the properties of the current ones. Such a static system could
be used for the simulation of a galaxy or a liquid inside a vessel, where there is no need
for new particles to be created. In this case the particles can be created and maintained
by the particle system itself.

On the other hand there are systems that need the creation of new particles at a
constant flow or at specific times. These systems are dynamic in terms of particles
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creation as their range of active particles is varying during the simulation. New particles
can be created immediately by the particle system but there is a more organized
structure usually associated with this process: the particle emitter. The particle emitter is
the entity responsible for creating the particles in the system (Landerleff, 1998).

5.5. Particle dynamics

As every simulation of a physical system, particles too need to change in time depending
on the physical forces that are applied on them or the physical process they try to
simulate. In physic engines, integration is used to update the position and velocity of
each object using the basic laws of motion. The “chunk” of code that performs this
operation is called the “integrator” (Millingtonlan, 2007).

This process is described by the N e wt owo faws of motion. The first law tells us that
an object with no forces affecting it will continue to move around with a constant velocity.
The second law gives us the mechanism by which forces can alter the motion of a particle.

A particle’s position can change when its velocity is other than zero. For its velocity to
change there has to be some acceleration and for any acceleration to exist there must be
some force acting on the particle. Therefore the integration is performed in the following
four steps:

Sum the acting forces together
Calculate acceleration
Calculate the new velocity
Calculate the new position

LN

The first step can be achieved by adding all the physical forces acting on the particle at a
given instance, which is represented by an update cycle in the simulation. In some
systems this can be a quite complex process as there are different type of forces, such as
gravitational forces, spring forces, viscosity, friction and other dissipative forces that have
to be treated in different ways (EberlyDavid, 2003). For the sake of simplicity, in this
project all the occurring forces are treated as a simple vector representing the direction
and the magnitude of the force. The sum of a number of vector forces € ,€ ,€ andso
on can be simply calculated as the following summation:

Jwo = al

where € g is the sum of the forces, £:each individual force and nthe number of forces.

The second step is to calculate the acceleration caused on the particle by the above sum
of the forces. This is achieved by using N e wt ®etohddaw of motion: for an object of
constant mass over time, its acceleratiis promotionalto the forceFand inversely
propositional to themassm of the particle(EberlyDavid, 2003). The above statement is
where the well-known equation of motion is derived from:



7= 0FP =21

3 above is the 3 y5 from the first equation, O is the mass of the particle and =|=the
resulting acceleration. Note that depending on the direction of force, the acceleration
can have a negative sign. This means that the particle will in fact de-accelerate rather
than accelerate. A negative acceleration will not immediately affect the direction of the
motion of the particle. Instead it will alter the direction of the velocity, which eventually
will make the particle change its direction, if the force applied is large enough in
magnitude or if it is applied for a period of time enough to overcome the current velocity.

The next step is to calculate the new velocity of the particle. In fact, what is being
calculated is the change in velocity. The equation for this calculation is also derived from
Ne wt eetohddaw:

= L i S
*Q R

< < < <

o=

o is the resulting velocity, mathe position after the targeting movement, msthe current
position and 9 gthe time that has passed since the particle was moved to its current
position. If we could take make 9 nfinitely small but not zero (9 © ), then we end up
with the velocity actually being the first derivative of the position. In a similar way we can
come to the conclusion that the acceleration =|=is the second derivative of the position (.

The final step is to calculate the new position.
- — = |

The above equation simply tell us that the new position will be the current position plus
the first derivate of the current position multiplied by the elapsed time. We know from
the first step that ==is actually the velocity and therefore the new position can be now
calculated.

All the above can be generally described in four lines of code:

for(inti=0; i < n; i++) sumForces += forces]i]; /I Sum the forces
acceleration = sumForces / mass; /I calculate acceleration

velocity += acceleration * elapsedTime; /I calculat e velocity
position += velocity * elapsedTime; /I calculate new position

While movement is very important, it is not the only dynamic we are interested in. Other
particle attributes can also vary in time depending on the needs of the simulation. For
example there might be the need to vary the transparency value of a particle or its size as
the time passes. These can be directly altered by the Motivatorsdescribed later in this
chapter or if the process is more involved, additional functionality can be added directly
into the system.



5.6. The particle simulation

The particle system is a physical simulation and it is therefore a dynamic system changing
in time. The particles are created, their properties are altered as the time progresses and
then they are deactivated to be re-emitted. This is an on-going cycle in order for the
system to mimic some real world phenomena. In general this cycle can be described in
the following six steps (ReevesWilliam, 1983):

1. Initialization of the system: All the required components will initialize once at the
beginning of the simulation. The particle memory will be created here and if
required by the simulation a number of particles will get pre-emitted.

2. Emitting of new particles: Any new particles will get emitted (re-activated) at this

step.

3. Applying any physical forces: Any physical forces that describe the physical
element that the system is attempting to simulate will be applied on the particles
at this step.

4. Deactivation of any decayed particles: If any of the particles has excided its
lifetime or satisfied a deactivation condition, it will get deactivated at that point
and be made available to the system in order to be re-emitted when required.

5. Integrate the particles: The system will iterate through all particles and move
them by one step in the simulation, essentially applying the integrator on them to
determine how the applied forces affected the physical attributes of the particles.

6. Rendering the system: The renderer will iterate through every particle and
represent it graphically on the screen.

Step 1is only performed once in the beginning on the simulation then when step 6 is
reached, it will loop back to step 2. This process is shown to the diagram below.

Initialize the system

A 2

Emit new particles

Y

Deactivate decayed
particles

Apply physical forces »

A

Integrate the
particles

A 4

Render the system

5.7. The Model-View-Controller architectur e

The particle syster® simulation loop

While early particle system designs put all the functionality under the same roof, a
number of different approaches have been taken. One of these is the Model-View-

Controller architecture (MVC). The MVC architecture originally proposed as an

organization methodology (ReenskaugTrygve, 1979) is commonly used today in software
design, especially in graphical user interfaces and even in game engines (RouwéJorrit,
2005) for logically separating between the object’s data, the way that data is presented
and the controlling of the data. This model can be also used in a particle engine and
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allows for creating particle systems that can be easily represented in different ways. In
addition, this turns the high-level components of the particle system into flexible, re-
usable entities that can be used in the future by a different system that requires the same
model or view representation.

To achieve the MVC design on a particle system, its actual data, the factors that affect the
particles and the particle system’s drawing functionality must be separate, so they can be
dynamically linked at run-time. Separating the functionality means that there should be
different three separate entities: one that holds the data, one that visualizes the data and
one that is responsible for changing the data throughout the simulation.

5.8. Particle behavior

Based on the MVC architecture described above, a separate entity that is responsible for
affecting the behavior of the particles can be created. This is the Controller part of the
MVC design and in the case of a particle system it can be called a Motivator. A controller
for a particle system usually affects the particles by applying some physical force on them.
In theory though, a Motivator can be a more complex Al system or even some human
input that directly affects the behavior of the particles. This is not to be confused with the
user input for the whole system itself, which is what is usually found in most particle
engine demonstration applications.

Depending on the simulation, a Motivator can attempt to directly apply a mathematical
equation to simulate a natural process. For example to simulate gravity the Motivator
could apply a constant downwards force on the particles. In more complex systems like
liquid simulation, the Motivator can keep track of variables representing the whole
system’s behavior and based on them determine the required change for each of the
particles.

5.9.Visualizing the particle system

Visualizing a particle system means to graphically expressing its data in some way. While
in some cases both the emitters and the motivators might be graphically represented,
this section mainly focuses on the visualization of the particles.

There are three commonly used representations for visualizing a particle (HawkingKevin
& AstleDave, 2002):
9 Points are a single vertex drawn on the particle’s position and it is usually used on
particles that are not viewed closely.
9 Lines can be used for drawing a range of particle effects that require a trailing
effect. The line connects the particle current position with its last position.
9 Texture-mapped quads are the most widely used. The particle is the center of the
qguad and the texture is drawn around it, usually with some degree of alpha
blending.

The particles are usually held in some kind of container, ranging from a simple array to
linked lists or more complex structures. This container is maintained by the particle
system and therefore it is easy to assume that the rendering can be performed by the
system itself and this can be the case for a single purpose particle system. There are some
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other interesting and more flexible approaches though such as the MVC design described
above.

The visualization of the particles is the view part of the MVC pattern and therefore a
separate entity is created, that is responsible only for the rendering of the particles. Such
an entity is usually called a Draweror a Rendererin this case the system can be assigned
such a renderer at any time and that renderer will be the only responsible entity for
visually representing the data.

5.10. Patrticle Hierarchy

For more complex particle systems that are internally made from a number of different
particle systems, it is important that the system itself allows for being connected in a
hierarchical way. A hierarchy can be used to exert global control on a complicated fuzzy
object that is composed of many particle systems (ReevesWilliam, 1983).

The most common way this hierarchy is achieved is by the parent-child relationship in a
tree. In this relationship, the child always carries the parent’s properties along with its
own. For example if the parent is moved, the child will move too and in the case of
particle systems, if the parent change’s its transparency value, the child will change it to
the same degree.

6. The PlayStation Portable

The Playstation Portable (PSP) is a handheld console manufactured by Sony. It was
released in Japan in 2004 and in North America and Europe in 2005. The PSP was the first
handheld to use an optical disc format (UMD) as its primary storage medium (Game Daily,
2003). A number of slimmer and lighter remakes of the console have been released since
then, including a version that does not include the UMD, titled as the PSP Go.

The PSP has a number of different models, with PSP-3000 being the latest. The full
hardware specification can be found at Appendix Il (PSP-3000 system Tech Specs). While
it is considered a powerful handheld device, compared to a desktop computer it has a
very limited amount of memory and specific controls that have to be taken in account
while developing for it.

7. Design

7.1. Target

The final product will be a particle engine that can be easily integrated in any modern
game engine that uses a scenegraph for representing game objects. The particle engine
will be delivered with a simple demonstration purposes scenegraph based game engine.

7.2. The approach

Sony’s Playstation Portable is a commercial product and developing applications for it
requires the official development kit, made available by Sony only to approved
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developers. Therefore obtaining information on its developing methodology and
techniques is restricted to these developers, making it hard for anybody else having the
required familiarity with the device in order to plan and design their software for it.

The approach that was used to overcome this problem and decrease the risks associated
with working from scratch on such a platform, was to initially design and develop a
prototype version of the particle engine for the Windows PC, then port that prototype on
the PSP.

In the software that was developed a basic framework is the core of the program and it
serves as a basis for the particle engine to be developed on. Then specific demonstration

applications are developed by defining the functionality of t h e framewor k'’

components.

Application

................... $

Particle
Engine

Framework

Going straight for a version on a system with limited familiarity was definitely not a good
strategy and therefore testing the concept on a more common system was vital for the
project’s success. Therefore the decision to create a PC version of the framework, the
particle engine and for some of the demonstration application was taken.

After studying closely the PSP documentation and samples the conclusion was that for
the sake of porting the engine from the PC to PSP, OpenGL should be used in comparison
with DirectX. The PSP’s graphics APl is in reality a restricted and well specified version of
OpenGL so the API's logic and functionality is built based on it. Therefore the PC version
was developed based on OpenGL.

An overall class diagram of the framework and the engine can be found in Appendix I.

7.3. The Framework

A simple states based engine (Vernon, 2006) is used to accommodate the needs of
operating the particle engine and visualizing its outcome. It also allows for user input to
directly affect the behavior of the particle systems in the application. A globally accessible
unique coreisr esponsi ble for the continuous
and components such as the particle engine. This is accomplished via a functionality-
based hierarchical scenegraph (Tryfonas, 2007).

Such a framework allowsf o r maxi mum contr ol over t he

organized, reusable and easy to maintain environment for aiding the visualization and the
control of the particle systems within the demonstration applications. Every object in the
simulation is an extension of the framework’s basic WorldObjectand therefore it can be
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easily inserted into the scenegraph and rendered by the engine. Each particle, motivator
and emitter are treated as such objects and once inserted into the game world they will
be processed automatically by the game loop.

This framework was developed by me throughout the past five years and was refined to
meet the requirements of this project.

7.4. The particle engine

The particle engine is an attachable component to the framework and is available on

demand whenever it is required in the game world. The main aim was to create a flexible

and extensible system to support a wide range of particle system models. It is built based

on the framewor k' sitiscansstent with thecopefatiocoftbeothed t h a't
components such as dynamic entities or descriptions of surrounding environments in the
demonstration applications.

The particle engine consists of the following components:

9 Particle systems that describe a full system (for example rain or smoke) and must
have at least one particle emitter attached to them. More complex functionalities
can be achieved by overriding the basic functionality. They define the behavior of
the system and are able to directly affect the particles after they are emitted.

9 Particle motivators which are responsible for defining the behavior of the emitted
particles within a pre-determined area of activity. These motivators are the only
way to alter the particles 'data such as their current location or color. The
motivators’ functionality can be extended to accommodate the needs of the
simulation. A motivator can be global such as gravity, influencing the whole
simulation or local such as wind, that only influences a part of the simulation.

9 Particle emitters which are responsible for emitting new particles when needed
are attachable on the particle systems. These emitters can also be altered to
accommodate the needs of different particle applications.

9 Particle descriptions that define the nature and physical abilities of the particles.

RO + :

Emitter Motivator Motivator

53 i
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A particle effect is created by defining it at the high-level by extending from the base
classes found in the particle engine.

Game State

5 Particle | Particle | Particle | Particle

S System Emitter Description Motivator

© 4 4 y A 4
0

&

S Snowstorm — Cloud — Snowflake —— Gravity — Wind
Q.

(%]

AnSEF YL S 2F (GKS LINIAOES SyaaySaa

For graphical representing these particle systems, each particle is rendered as four
vertices on the screen. These four vertices represent the position of two triangles-the
faces of the particle. The color of these faces will be determined in real-time and can be
procedural or texture-driven.

In this project, hierarchies can be easily build between the particle systems and even
emitters and motivators since they all derive from the framework’s objects that have
hierarchical functionality build-in.

In contrast with other objects in a physical simulation, particles are usually needed to be
created in great numbers. In a typical simulation, objects representing the physical world,
like trees or live entities are inserted into a scenegraph structure, so their properties can
be accessed in a logical and convenient way. On the other hand, the number of particle
entities required to accurately describe a physical event, does not allow for such
convenience. Adding each particle on a scenegraph would introduce a significant
overhead on the performance of the simulation itself and therefore a different approach
becomes a necessity rather than a choice.

8. Implementation

8.1. The framework
The framework used is referred throughout this text as the game engineWith the right

adjustments, its place can be taken by any other game engine, including commercial ones.

Its design generally follows the common game engine design found in most modern
commercial engines. Since it is not the topic of this project though, | will only briefly
describe its functionality for the sake of understanding how the particle engine works
with it.

The engine separates the low-level generic components from the high-level specific

mechanics of the simulation. The low-level components represent the parts that remain
unchanged between different applications and represent the core of the engine. The
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high-level components are application specific and describe the way that these
components make use of the engine.

The engine holds a stack of game states that are executed sequentially. At the high-level
a game state is derived from the base GameStatelass and can represent a game screen,
a level or a simulation and it is responsible for the creation, maintenance and control of

the components that make up that particular event. Then the derived game state can be
added to the Coreto be executed.

All of the engine’s components are based around two interfaces: IDrawableand IDynamic
Once implemented these components should be responsible for the entity’s rendering

and updating respectively. The base object that all components derive from is called
Objectand it simply carries a unique id for each object.

The engine supports a simple tree hierarchy for its components in order to create a
scenegraph that is responsible for the continuous rendering and updating of the entities.
This hierarchy is achieved in a complete object-oriented way and it is based on building
up all the functionality as the entity is defined in a greater detail, rather than the creation
of different components that are later put together. This technique allows for simplicity
and it is described in my paper Functionality-based Hierarchical Scenegraph
(TryfonasGeorgios, 2007).

Starting from the SceneNodelass that is responsible for maintaining the hierarchy, this
class is extended into a GameObjecthat adds transformation capabilities and then the
WorldObjectthat adds physics functionality. Then new high-level application specific
entities can derive from the WorldObjectlass and be added to the Scenehat represents
the root of the scenegraph. Once added, the object will get rendered and update
automatically on every cycle of the simulation.

All of the Particle Engine’s components and entities inherit from the above classes and
therefore carry these properties and functionality.

8.2. The Particle Engine

8.2.1. The Particle

The Particleclass represents a particle structure in the memory. Based on this class, the
particle system will create a very large amount of particle objects in the memory and it is
therefore very important to keep this structure’s complexity to a minimum. As an
example, adding a simple floating point variable in this structure would require an
additional 400kb in the system’s memory, in the case of a 100,000 particles simulation.
Therefore the attributes were kept to the absolutely minimum. In addition the choice of
the member variables to be public was taken in order to make the manipulation of the
particle data by other entities cleaner.

class Particle {
public:
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Vector3 lastPosition;
Vector3 position;
Vector3 rotation;
float  scaling;
Vector3 velocity;
Vector3 forces;

float lifeTime;
bool alive;
float mass;

As explained in the performance section, creating and deleting particles in the memory is
an expensive operation that should be kept to a minimum. The approach taken was to
create a large amount of particles at the beginning of the simulation and activate the
particles as required by resetting its properties. This way, particles that are no longer
needed in the simulation are simply deactivated and resurrected as newly emitted
particles as required.

inline void Resurrect( void )

{
alive = true;
velocity = Vector3::Zero;
position = Vector3::Zero;
lifeTime = 0.0f;

}

8.2.2. The Emitter

The ParticleEmitterklass describes an entity that is responsible for spawning new

particles as they needed by the simulation. The particles are emitted in a specific rate

that can be set at any time, including while the simulation is running. That rate represents
the number of particles emitted per second and is used to calculate the emit rate,
essentially a time unit that determines how often the emitter will emit new particles. On
every update cycle the emitter keeps counting the time since it last emitted new particles.
If the emit time grows larger than the emit rate, the emitting mechanism is called.

timeSinceLastEmit += elapsedTime;

/I call emit if needed
UINT num = (UINT)(timeSinceLastEmit / emitTime);

if (num > 0) {
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for(UINT i=0;i<num;i++) Emit();
timeSinceLastEmit = 0.0;

}

The base ParticleEmitterlass does not contain any emitting functionality and it is the
responsibility of the particle system’s designer to define how new particles are emitted
by overriding the Emit()function, which is set pure virtual in the base class. Any number
of particle emitters may be added in the simulation and they will act independently, each
with its own counter and emit rate.

The ParticleEmitteiinherits from GameObjecténd it can be therefore treated as a
movable object that can be placed at any point. This is particularly useful for a various
number of simulations. Once the emitter is created, it has to be inserted into the particle
system in order to be processed.

8.2.3. The Motivator

The Motivator class represents an entity that its purpose is to affect the particles by
altering their properties. The Motivator class also inherits from the GameObjectlass and
it can therefore be placed at any point in the scene. A motivator can be global, affecting
the whole particle system or local affecting only a specified range.

At every update cycle, the motivator will process all or a number of particles as defined
by its Updatefunction. It is the responsibility of the particle system’s designer to
implement the Updatefunction at a higher level, to define the actual functionality of the
motivator. Once the motivator is created, it has to be inserted into the particle system in
order to be processed.

8.2.4. The Drawer

The ParticleDraweclass is an important element as it makes it possible for the
visualization of the particles. Its purpose is to draw the system’s particles in a defined way.
While there are a few ways for this to be done, the approach used in this project was to
draw a texture at the position of each particle. Other implementations can be easily
added by extending the ParticleDraweclass and overriding its Draw()function.

The TexturedParticleDrawaetlass is responsible for drawing a texture on the position of
the particle. Inside the overridden ParticleDrawet Draw()function, it iterates through
every given particle and draws it on the screen, taking in account the particle’s various
properties such as its position, rotation and scaling.

/[ rotate the particle in order to always face the camera

Vector3 cameraPosition =

CameraManager::GetCurrentCamera() - >m_cameraPosition;

Vector3 cameraTarget = CameraManager::GetCurrentCamera() - >m_cameraTarget;
Vector3 direction;
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sceVfpuVector3Sub( &direction, &cameraPosition, &cameraTarget);

float dir = sceVfpuScalarAtan(direction.z/direction.x);
float angle = (180 * ( - dir - 3.14f/ 2)) / 3.14f;
if (cameraPosition.x <= 0) angle -=180;

/[ draw the particles

sceGuEnable(SCEGU_FOG);

sceGuTeximage(0, 32, 32, 32, textureData0);
sceGuTeximage(1, 16, 16, 16 , textureDatal);
sceGuEnable(SCEGU_TEXTURE);

int vectorSize = particles.size() - 1

for( inti = vectorSize; i >=0; -i) {
Particle* particle = particles]il;
sceGumPushMatrix();
sceGumsScale( &particle - >scaling );
sceGumRotateZ( particle - >rotation.z );
sceGumRotateY/( particle - >rotation.y );
sceGumRotateX( particle - >rotation.x );
sceGumTranslate( &particle - >position );

sceGumDrawArray(SCEGU_PRIM_TRIANGLES,

SCEGU_TEXTURE_FLOAT|SCEGU_NORMAL_FLOAT|SCEGU_VERTEX_FLOAT,

6,0, billboard data );

sceGumPopMatrix();

The texture data is given to the drawer by its constructor and in this case are represented
as raw data in C form. Reading texture data from other formats can be easily supported
by writing the appropriate drawers. In addition, before rendering the particles are

rotated so that the drawn textures always face the camera.

8.2.5. The ParticleSystem

The core of the Particle Engine is the ParticleéSystentlass. The ParticleSystemlass is
responsible for holding together all the pieces required for the proper operation of a
particle system. This includes creating the particles in the memory, holding the emitters
responsible for the activation of particles and the motivators that act on these particles. It
is also responsible for the continuous updating and rendering of all these elements.
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As any other typical particle systems implementation, there is a significant difference to
how the game engine perceives the particle system in contrast with other typical
geometry objects usually attached on the engine’s scenegraph (WitkinAndrew, 2001).
From the outside, the game engine’s perspective, it is viewed as a single game object with
a position in the game’s space. For any update and rendering operations to take place, it
has to be included in the engine’s scenegraph and it therefore inherits from the
GameObjectlass which itself is a SceneNode/iewed from the inside though, there is a
complete new hierarchical system with the particle system being the root, the particles
the various objects attached on the root and the emitters and motivators the nodes that
affect the final objects. For efficiency reasons though, these connections are not made
through a full scale hierarchy architecture; there are instead distinct unconnected entities
connected together by the mechanics and the implementation of the ParticleSystem

class ParticleSystem : public GameObject {
public:
virtual void Init( void );

virtual void Draw( void );
virtu al void Update( void );

The mechanism for holding all these entities is by maintaining a list of Emitters and a list
of Motivators that are transverse on every cycle to perform the required functionality. As
a GameObjegtthe ParticleSystens a dynamic and drawable entity. This means it will
automatically be called when its place is reached in the engine’s scenegraph, to perform
the required functions. When this happens, it will transverse the lists of the emitters and
motivators and will call their corresponding functions.

private:
EmitterList emitters;
MotivatorList motivators;

public:
void AddEmitter( ParticleEmitter &emitter );
void RemoveEmitter( ParticleEmitter &emitter );
void AddMotivator( Motivator &motivator );

For efficiency reasons, the particles are actually hold inside an array rather that a list. This
is because for performance reasons the particle memory is initialized as a big block of
memory at the time the particle system is created and any operations of adding large
amounts of particles objects into a list would be inefficient. There is also no need for any
of the list’s features like the dynamic expansion, since the number of particles per
particle system in this implementation is static.

private:
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Particle particleMemory[MAX_PARTICLE_NUM]J;

For any rendering to be performed, the ParticleSystemeeds to know the ParticleDrawer
that will be responsible for visualizing the particle information on the screen. If no
ParticleDraweis set, the simulation will still run in the background without any visual
feedback. It is possible to change the active ParticleDrawent any time during the
simulation, allowing for a flexible way to switch between rendering modes such as
textured and vertex based representations.

private:
ParticleDrawer* drawer;
public:
void SetDrawer( ParticleDrawer* _drawer );

The creation of the particle memory in the PSP is achieved by creating a new heap in the
system’s memory enough to hold the required amount of particles.

/ | create heap for the particles

pHeap = sceHeapCreateHeap("heapl" , sizeof(Particle) * MAX_PARTICLE_NUM,
SCE_HEAP_AUTO_EXTEND, NULL);

particleMemory = (Particle*)sceHeapAllocHeapMemory(pHeap,
sizeof(Particle) * MAX_PARTICLE_NUM);

The functionality of the ParticleSystemlass also includes the integrator described in the
particle dynamics section, the method for requesting a particle from the system for
getting all the particles in a given range. The code for these functions can be found at
Appendix Il.

8.3. Using the Particle Engine

In order for the particle engine to perform any useful operations, its functionality must be
defined at a higher level, outside of the particle engine. This is done my creating new
classes that inherit from the particle engine’s basic components. These components can
be then put together to have a complete particle system. That particle system will be a
simple node that will be then added on the game engine’s scenegraph.

Every of the following demos, define a new GameStatehat is inserted into the game
engine’s stack. Inside the GameStatgoperations like initiating the simulation’s world,
adding new cameras and checking for input can be performed. Any of the values below,
do not follow any real physical values and are tweaked in order for the simulation to look
right rather than being “physics-correct”.

8.3.1. Snowstorm

Snow is one of the basic elements that can be easily described by a particle engine and
therefore it was chosen to be the first to be implemented. The snowstorm demo
attempts to simulate a constant flow of snow, from clouds to ground under the influence
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of gravity and wind. There are three elements that need to be defined in order for this
simulation to work: the cloud, the gravity and the wind.

The cloud is an emitter, responsible for emitting new snow particles. It is placed at a
specific height above the ground and its rate can be set at any number, depending on the
intensity of the storm. The Cloudclass inherits from the ParticleEmitteklass and all it
does is to define the Emit()function.

virtual void Emit( void )

{
Particle *particle = system.CreateParticle();
if (particle) return;
Vector3 pos = GetPosition();
pos.X = RandomBinomial() * 100.0f;
pos.Z = RandomBinomial() * 100.0f;
particle - >positi  on = pos;
Vector3 scaling = Vector3::0ne;
scaling.X *= 0.5f * FRAND;
scaling.Y = scaling.Z = scaling.X;
particle - >scaling = scaling;
particle - >mass = 0.02f * scaling.X;

The first thing it does is to request for a new particle from the system. If the system is
unable to return one it means the maximum allowed particle number in the simulation
has been reached and therefore the function will complete without creating any. If there
is an available particle, it sets its position to be the same as the emitter then it
randomizes its position at the X and Y axes in order to simulate the space that the cloud is
spread on. Then it will give it a random scale to simulate different snowflake sizes. Finally
it will set the mass of the snowflake to the appropriate value depending on its size. The
RandomBinomi#) function used will simply return a random floating point number
between -1 and 1.

The next component is the gravity. The gravity will be represented as a global motivator
that adds a constant downwards force on the snowflakes. The Gravityclass inherits from
the ParticleMotivatorclass and overrides its Update() function. Since it is a global
motivator it will ask from the system a list of all the active particles. It will then iterate
through all the particles and a downwards force on them. That force will not directly
move the particle itself. This is later evaluated during the integration process performed
by the particle system.

virtual void Update( void )

{

ParticleList list = system.GetActiveParti cles();
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static Vector3 force = (Vector3){0.0f, - 0.001f,0.0f};

int vectorSize = list.size() -1;
for(inti = vectorSize; i >= 0; —-i) {
/I apply gravity to each particle
sceVipuVector3Add( &list[i] - >forces, &list[i] - >forces,
&force);
}
}

The other required motivator is the wind. The wind is a rather more complex element as
except blowing the particles away, it also needs to replace itself at random intervals to
simulate different gasps of wind in time. In order to so, it keeps a counter of the time
passed since the last change and it compares it with a second variable that determines
when it should replace itself. When this time comes, it randomizes the position of the
wind, its range, its direction and when the next change should happen. Then it finally
applies the required forces on the particles.

virtual void Update( void )

{
/I calculate new position, range, direction and speed when required
/I add the required forces on the particles with in range
ParticleList | ist = system.GetParticlesinRange(m_position, range);
int vectorSize = list.size() -1;
for(inti = vectorSize; i >= 0; —-i) |
Particle* particle = list[i];
Vector3 out;
sceVfpuVector3Sub( &out, &particle - >position, &m_position ) ;
float dist = Vector3Length( out );
float factor = 1.0f / (dist / range);
Vector3 force = (Vector3){factor * currentDir.x * 0.01f, factor *
currentDir.y * 0.001f factor * currentDir.z * 0.01f};
sceVfpuVector3Add( &particle - >forces, &particle - >forces,
&force);
}
}

After getting these components ready, the next thing is to actually create the snowstorm
itself. This is done inside the game state created above. In the initialization process of the
game state, a new Cloudis created, its position and rate is set and it is then added to the
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system. In a similar way a new Gravityand two Wind motivators are created and added
into the system. The particle system’s drawer is also set to be the TextureParticleDrawer
including the textures that are going to be used for representing the snowflakes.

After setting the cameras, the simulation is finally ready. Input support was also added
for rotating the camera around the snowstorm. Additional Wind motivators maybe added
in order to make the simulation look more complex since | have chosen this to be a rather
peaceful day by adding only two.

This simulation can be easily changed into a rain simulation by changing the texture of
the drawer to a raindrop and tweaking the mass value set by the emitter. The two can be
also combined to appear like sleet. For this to work, two separate systems need to
operate at the same time, something that is performed in the next demo.

8.3.2. Fireball

The fireball is an interesting simulation made up from two distinct particle systems: one
for representing the fire and one for representing the smoke trail. In this simulation, the
user is asked to move around that screen and press the button to activate the fireball. At
this time the simulation will start until the user releases the button. The user may also
move around while holding the button, in order to move the fireball.

Both the Smoke and the Flame classes are particle emitters that are responsible for
emitting smoke and fire particles when required. These particles are visually represented
by textures.

8.4. Performance

Simulation loop

The most important factor that affects the simulation’s performance is the operations
that need to be performed on every update cycle. If we are performing a costly
calculation on every update, this limits the resulting frame-rate, since each frame can
only be rendered after all calculations have been performed. A multi-core system could
possibly benefit by performing rendering and updating on different threads but this is not
the case for the PSP.

Update operations include applying physical forces on the currently active particles,
checking if any of these particles have excited their lifetime and emitting new ones. It is
natural to assume that the less time we need to transverse through the particles
collection, the faster it will be. On the other hand, such an approach would require every
operation to happen inside a single loop, significantly limiting the flexibility of the system.

Particle creation

Perhaps the most important optimization that can be achieved on a particle system
comes to the way the particles are created. When programming for the PC, there is a
freedom of choice when it comes to ways of implementing certain things such as how to
store the particles information. One of the focus points of particle systems is the amount
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of information that needs to be created and destroyed on every single cycle of the
simulation.

A naive approach would be to dynamically create and delete every single particle in the
simulation on demand. Creating and deleting memory though is a very expensive process.
Therefore another approach should be taken. A step in the right direction is to pre-create
an amount of memory large enough for our simulation data to fit in throughout the
entire simulation lifecycle. Then we can use this memory for our particles but without
ever giving the memory back to the system until the simulation is over.

This can be achieved by creating a large amount of particles that reside on that memory
and when a particle’s lifecycle is over, the particle can be disabled instead of deleted.
When new particles are created in the simulation, disabled particles are re-enabled and
therefore there is no need for any expensive memory operations at all.

While in the PC version this technique is a good option for boosting the performance of
the simulation, it is rather a must for the PSP to be able to handle such amount of data at
good speeds.

Object Oriented versus Procedural

Although most of the sample programs for the PSP were written in procedural C, an
object oriented approach was used for the development of the software of this project.
In most cases procedural programming can be significantly more efficient than object
oriented for various reasons. It does not allow though for advanced design patters,
flexibility and re-usability in the degree that object oriented programming does. In
contrast, in many cases it promotes more ad-hock programming techniques sacrificing
clarity and software design options. For the size, scope and requirements of the software
it was determined that it should be developed in an object oriented way since it is
considerably easier to manage and maintain the code.

9. Conclusion

Particle effects are widely used in videos games and have become an important
component that is included in every game engine. As the accuracy and complexity of the
particle effects raises, the more realistic and impressive the presentation for the
produced games becomes.

Simple particle effects such as a fire and its sparkles are nowadays the minimum starting
point and the ones created during this project are not even close to the production
quality needed from modern games. While that might be the case, what is discussed and
attempted throughout this project is a solid base for creating more refined and realistic
effects.

9.1. Achievements

During the course of this project | have implemented the basis of a game engine that
game objects can be added on demand at a high-level and a particle engine which is a
component of that game engine. | have also researched the various aspects of particle
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effects simulation including the system s o
systems.

Working on a commercial development kit was a unique experience that demystified for

me the myth that developing for game consoles is a hard process. Within the course of a
fewdayslcouldgetf ami | i ar with the PSP’ s doeghisl opi ng
tutorials and | could realize how similar is game consoles programming with programming

for other platforms such as a Windows PC.

Since the particle engine was first developed for the PC, | successfully ported the whole
application to the PSP within a week, a supposedly hard process. During this process |
found out that there was only a minor part of program that actually needed significant
changes and that were essentially the core functions and the rendering process due to
the slightly different way the PSP hardware works in order for it to be more efficient
rather than generic.

Another important aspect was that | was able to research and think about how to
increase the performance of my program not just by making the code more efficient but
also how to design the algorithms to be more efficient at a higher level. Several
performance tests have been performed on both the PC and the PSP in order for a
specific algorithm to be chosen against others and in many cases | was surprised by the
results.

9.2 Limitations and Possible Improvements

While in theory the main design of the particle engine allows for the creation of particle
effects of almost any complexity, the time constrains of this project allowed only for a
more simplistic approach when it comes to the creation of demonstration applications. In
addition the application could support even more advanced designs and techniques
especially when it comes to memory management and particle control.

In the current state the particle engine does not support full hierarchy at the engine level.
While ParticleSystembjects can be created and added to the scenegraph, the
scenegraph will only apply the hierarchy when it comes to transformation. In order for
some more advanced particle effects there might be the need of more information such
as the particle’s transparency to be carried to the children.

When it comes to memory management and efficiency, there are techniques that can
make the overall algorithm more efficient. With the current design there are cases that
the list of the particles is iterated more than once per-cycle. In addition when a particle is
requested from the system so that the emitter can activate it, the algorithm just searches
the next deactivated particle in the memory. A list that keeps all the deactivated particles,
so it can immediately return the next available particle was introduced but it does not
seem like the most efficient solution.
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11. Appendix
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Appendix Il z Important particle system functions

Function for requesting a particle from the system

Particle * ParticleSystem::CreateP article( void )

{

The integrator

/I if we're out of particle memory

if (availableParticles.size() == 0 ) return NULL;

Particle* particle = (Particle*)availableParticles[0];

particle

- >Resurrect();

availableParticles.erase(availableParticles.begin());

activePart icles.push_back(particle);

return particle;

void ParticleSystem::UpdateParticles( void )

{

I/l update all active particles

int vectorSize = activeParticles.size() - 1
float elapsed = ELAPSED;
Vector3 dtAcceleration, dtVelocity;

Particle* particle;

for(inti = vectorSize; i >=0; - 1)

{

/I get a pointer to the particle
particle = activeParticles][il;

Il check if the particle has extended its maximum lifetime
particle - >lifeTime += elapsed,;
if (particle - >maxLifeTime =0 .0f &&

particle - >lifeTime >= particle - >maxLifeTime)

particle - >alive = false;

/I if the particle is not alive anymore
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if (!particle - >alive )

{
// add it to the available particles list
availableParticles.push_back( particle );

/l and remove it from the active list
activeParticles.erase( activeParticles.begin() +i);

/I continue with the next patrticle
continue;

/l integrate the particle

/I calculate acceleration
sceVfpuVector3Scale(

&dt Acceleration, &particle - >forces, 1/ particle -
>mass );

sceVfpuVector3Scale(
&dtAcceleration, &dtAcceleration, elapsed );

/I calculate velocity

sceVfpuVector3Add(
&particle - >velocity, &particle - >velocity,
&dtAccelera tion);
sceVfpuVector3Scale(
&dtVelocity, &particle - >velocity, elapsed );

/I calculate new position
sceVfpuVector3Add(

&particle - >position, &particle - >position , &dtVelocity );
particle - >forces = Vector3Zero;

Function for determining what particles are within a given range in 3D space

ParticleList ParticleSystem::GetParticlesinRange(Vector3 position, float
range)

{

if (range == 0.0f) /I global motivator
{
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return activeParticles;

}
else // local mo tivator
{
ParticleList list;
/I determine if the particle is within the range
float radiusSquared = range * range;
Vector3 particlePosition;
int vectorSize = activeParticles.size() -1;
for(inti = vectorSize; i >=0; - 1)
{
particlePo  sition = activeParticles]i] - >position;
if ((particlePosition.x - position.x) *
(particlePosition.x - position.x) +
(particlePosition.y - position.y) *
(particlePosition.y - position.y) +
(particlePosition.z - position.z) *
(particlePosition.z - positio  n.z) < radiusSquared)
{
list.push_back(activeParticlesi]);
}
}
return list;
}

Appendix Il z PlayStation Portable hardware specifications

Approximately 6.7 in (W) x 2.7 in (H) x .7 in (D) (excludes largest projection)

SIS Approximately 189g /6.70z (including battery pack)

PSP® CPU (System clock frequency 1 - 333MHz)

Memory 9ELI YRI0fS aSYz2zNe {GAO1 5dz2x«

4.3 inch, 16:9 full transparent type

TFT drive

480 x 272 pixel

Approximately 16,770,000 million colors displayed

Display

Built-in stereo speakers

Wireless LAN (IEEE 802.11b) (Wi-Fi)

High Speed (USB2.0) (mini-B)

aSY2NER {GAO] tNRB 5dz2x
Analog Video Out

Main Input / Output
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Bluetooth

Main Connectors

Key / Switches

Power Sources

Internal Disk Drive

Supported Profile

Access Control
Wireless
Communication

Supplied
Accessories

Supported Video
Codec (in Memory
Stick)

Supported Music
Codec (in Memory
Stick)

Supported Photo
Codec (in Memory
Stick)

No

DCIN 5V connector

DC OUT connector

Video out / headset connector

USB connector

aSY2NE {GAO1 5dz2n

Directional buttons (Up/Down/Right/Left)
Analog Stick

Enter keys (Triangle, Circle, Cross, Square)
START button, SELECT button, PS button
POWER/HOLD switch, WLAN switch
Display button, Sound button

Volume +/- buttons x 1

Lithium-ion rechargeable battery pack
AC adaptor
USB power supply

Read2yf & ! a5u 5NAGS

PSP® (PlayStation®Portable) Game
labu
Video

Region Code
Parental Control

Infrastructure and
Ad hoc mode (connects up to 16 consoles)

AC adaptor
Battery pack (1200mAh)

Memory Stick Video Format:

MPEG-4 Simple Profile (AAC LC)
H.264/MPEG-4 AVC Main Profile (AAC LC)
MP4 Format:

MPEG-4 Simple Profile (AAC LC)

H.264/MPEG-4 AVC Main Profile ¢ CABAC only ¢ (AAC LC) / Baseline Profile (AAC LC)

AVI
Motion JPEG (Linear PCM or p-Lau)

Memory Stick Audio Format:

' ¢w! / on

I ¢w! / oLJ dzA n

MP3

MP3 (MPEG-1/2 Audio Layer3)

MP4 (MPEG-4 AAC)

WAVE (Linear PCM)

WMA (Windows Media Audio 9 Standard Only)

JPEG
TIFF
BMP
GIF
PNG
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