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Chapter 1
Getting Started




Introduction

As computers become more powerful each year computer games become more
technical and more realistic. A large factor of a games realistic appeal comes from
particle systems. Particle systems are often used to display none static objects which
would be too difficult or process heavy to render out as an object. Most common
systems recreate and simulate the following; Fire, smoke, explosions, snow, grass, hair,
sparks and leaves. There are much more possible implementations of particle systems
but these are the most common seen in computer games.

The main goal for this project is to analyse and evaluate game particle systems and the
effect they have on a real time computer game. The project will be written in the C++
programming language and implemented using the OpenGL API. Particle systems are
most commonly seen in 3D applications as in the 2D era they were not so common
because of their heavy simulation process. | have chosen to do most of the research in
a 3D environment.

Nowadays particle systems have to be highly optimised, they are only allotted a certain
slice of an update frame and it is commonly around 5-10% per update in the games
industry. To meet my specification | will have to analyse the frame rate of each particle
systems and its different implementations over a period of time and compare their
efficiency. To calculate this | will have to profile each class and analyse the data
received, any functions which take too long will have to be optimised. The results will be
produced with various factors such as the emitting rate and max number of particles.
The more efficient systems will be implemented into a game demo. The systems alone
cannot be proof enough of efficiency; they will have to be processed alongside all other
game aspects such as Al, input processing, world updating and entity rendering. Certain
aspects may have to be tweaked to maintain a steady game frame rate.

The various systems | have chosen to work on are:

Weather effects such as Rain and Snow.
Explosions and Fire

Smoke

Magic related particles

Blood effects
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The above will have various implementations but produce varied effects; all are
common in modern day computer games.




Methodology

There is various design methods employed in the games industry and whilst it would be

beneficial to conform to a specific one the majority do not have many benefits to

research. My chosen method is the waterfall model shown in Figure 1.0. It is a common

method used in software development but scarcely used in games development, the

main reason being problems arise during certain phases after it has been completed, an

addition to a game may be added and it may not be fun so it will have to be redesigned

and re-implemented. It al so doesné6t offer much fl exi bili:t
as the games industry is highly competitive publishers often want new game play

el ements added and with the waterf atltrhverseet hod

a waterfall model.

Requirements
Design
7
Implementation
4_]
Verification
Maintenance
Figure 1.0c The Waterfall Model
Thewat er f al | mo d e | i snét without 1ts prods tho

Although the maintenance stage will be discarded as | have no intent to publish any of
the content | create in this document. Verification will be the testing stage of my code
(for the purpose of this document | will be referring to the verification stage as the
testing stage), any bugs encountered here will be fixed and any possible optimisations
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will be made. Further optimisations or even downgrades may have to be made once the
game environment is implemented.

To benefit the focus of each project | will treat each system as its own individual project.
All systems will go through each stage individually. I will design the features of each
system i.e. how they are drawn, how they simulate and how they emit. | will then
implement the system. Once implemented, the code will be checked for any bugs and
possible optimisations. Finally | will analyse and record that specific systems efficiency.
If another method is possible for implementing a system | will repeat the above steps
and compare results.

Profiling

In order to optimise any weak points in each system | will need to analyse the speed the
class at runtime. | cannot rely on a standard timer which relays the game FPS to me as
background applications and processes could affect this.

To do this | will be using an application called AQtime. | will run the application for one
minute profiling only one system at a time and then analyse the results. | expect
rendering to always be the routine with the worst performance due to rendering being
done every frame and updating is only done every 60" frame. If any possible
optimisations are possible they will be made and profiled again, if the results are still not
satisfactory other measures will have to be made for example lowering the emission
rate or the max number of particles. If however profiling shows that it is already
optimised more graphical optimisations could be added to improve the visual appeal,
auditory optimisations could also be made.

The test | will use will be to let the program run for one minute. If the total running time
of the class is over six seconds it has exceeded the 10% allotted time and must be
optimised or downgraded.

All profiling will be done on the same system with the hardware specification of:

Intel Quad Core @ 2.4Ghz
4GB Ram
Nvidia GeForce 8800gt

Any other system may yield different results and compromise the data and
optimisations.

By the end of the project the result should be a fully optimised and flexible particle
system.



http://www.automatedqa.com/products/aqtime/
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The Base Particle Emitter Intro

Two useful features of object oriented programming are Polymorphism and Inheritance.

Inheritance allows me to define a base classwhichallc hi | d c¢cl asses fAinher.i
from. Polymorphism then allows me to redefine certain aspects of the child class and

even create new data specifically for it. Using these two features | will develop a base

particle emitter class which all other systems will inherit from. This will lack a testing

stage. Since this class will never be instantiated it cannot be tested. Any bugs will be

remedied

The Base Particle Emitter Design

Firstly, what is a particle? For any off the systems to function they need information on
what a particle is. The Oxford English dictionary describes a particle as:

Particle

ANoun 1 a minute portion of matter

This is not very in depth and doesndét provide
particle cannot be given an accurate description because they vary. For a computer

game many details about a particle can be omitted. The common properties | am using

are:

Position
Velocity
Acceleration
Energy

Size

Weight

9 And Colour
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Other variables will be added like delta values between various attributes like colour,
size and position. There will be X amount of particles inside an emitter class; X will be
decided at creation and can be tweaked to reach a desired performance.

The Emitter class will have numerous functions and variables. It will have to update,
render, emit and initialise. The variables affecting the system will be the total number of
particles to emit, the current number of particles on screen, the origin at which they emit
and a force which is applied to all the particles. As mentioned above X number of
particles will be stored inside the class. See Figure 1.2.
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The Base Particle Emitter Implementation

particle t

+ m pos : CVector
+ m_prevPos ; CWector
+ m_velocity : CVector
+ m_acceleration ; CWector

+ m_energy : float
+ m_size : float
+ m_sizeDelta : float
+ m_weight : float
+ m_weightDelta : float
+ m_coliur ; float[4]
+ m_colourDelta : float[4]

Figure 1.1¢ Particle structure

This is the UML diagram for the particle structure. It has no accessor methods; instead

all its variables are public. For such a small piece ofdatapr ot ecti on i sndét a h
here. The CVector class is a container of three floats, in this project it is mainly used to

represent a point in 3D space, see Appendix B.

Base Particle Systems 1 Public functions definition

doUpdate This is not defined in the base class. The job of this function is
to control the system. It decides when to kill and emit particles
as well as calculating their new positions and orientations.

doRender Handles the rendering of all active patrticles. Is declared virtual,
in C++ this means a child class can redefine the purpose of a
function marked as virtual. This is also never defined in the
base class.

emitParticles Controls the emission of particles. Can be redefined by derived

classes but also define in base class for base calls. See Figure
1.3.

initialiseParticleSystem | Initialises a particle system and resets any values to default for
safeties sake. See Figure 1.4.

intialiseParticle Initialise a particle within the array. This is called whenever an
in-active particle needs to be initialised. This is not defined in
the base class, all derived classes provide their own method.

11



CParticleSystem

+ doUpdate : void
+ doRender: void
+ emitParticles : int
+ initialiseParticleSystem : void
+ setOrigin : void

# initialiseParticle : wvoid
# m_ParticleList : particle t
# m_iMaxParticle @ int
# m_iNumParticles : int
# m_origin : CVector
# m_accumulatedTime : float
# m_force : CVector

Figure 1.2 Base Particle System

int  CParticleSystem::emitParticles( int  numParticles )
{
while ( numParticles && (m_iNumParticles < m_iMaxParticles) )
{
initialiseParticle( m_iNumParticles++);
-- numParticles;
}

return  numParticles;

}

Figure 1.3 Emit Particles function

void CParticleSystem::initialiseParticleSystem()

_DELETE_ARRAY( m_pParticleList ); /I For reset
m_iNumParticles = 0;

m_accumulatedTime = 0.0f ;

m_pParticleList = new particle_t[ m_iMaxParticles ];

Figure 1.4¢ Base Particle System

With the base system in place development of inherited systems will be much quicker
and any certain bugs can be traced back to the base class.
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Snow Particle System Introduction

Snow is a well known particle system. Without snow particles in a cold environment it

could look very blandandt her e woul dn 6t fabt@ orany realismm®omas i o n
games which have realistic or unique snow effects are Crysis, Fable 2, Lost Planet and
Okami. (If you are viewing this on a PC click the title to view sample videos.)

Snow is a relatively easy effect to produce; there are two main forces which affect snow,
that is wind and gravity; these are not demanding factors so updating a snow system
will not be very demanding on the processor, this will allow thousands of particles to be
on screen for a realistic look, it will however have an effect on the rendering stage, this
will have to be analysed in the testing stage.

Snow Particle System Design

Designing the visual aspect of snow is tricky as snow has no distinct shape or pattern.
Here are some snow patterns as documented
by Wilson Bentley in 1902. Symmetrical
snowflakes are a rare occurrence; more visible
snowflakes form irregular shapes. [1]

The visual aspect of the particle could be a
number of these or just a blob; the particle will
be such a small size any difference in particle
will be negligible. fiThe shape of a snowflake is
determined broadly by the temperature, and
the humidity at which it forms.o[2]

Implementing varying patterns is possible but
patterns based upon wo
a necessity, itdéds a po
visual side but may slow down processing

when emitting new patrticles.

Particles for snowing will be emitted around a certain radius, usually the player entity.
One possible problem is keeping track of where they emit and die, if the emission point
changes then it could affect how particles are killed. One way to kill each particle is to
trace its emission point from its current point, if that distance is greater than X ( where X
is the height to kill a particle ) then kill the particle, to remedy this each particle will have

14


Videos/Crysis_Snow_Particles.avi
http://www.youtube.com/watch?v=98Yy55RlnKw
http://www.youtube.com/watch?v=xj5HY3PhuME
http://www.youtube.com/watch?v=eQ545yHWHTo
Images/snowFlakes.jpg

to be translated in the same direction that the player moves. The more particles there is
the slower the update process will be.

Another problem will be alpha blending. Thi s can be solved by wusing
functions:

glEnable (GL_BLEND);

glBlendFunc (GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);

AAfter blending is enabled, as shown above, t
with the colour already stored in the framebuffer. glBlendFunc() controls how this

blending occurs. The typical use described above modifies the incoming colour by its

associated alpha value and modifies the destination colour by one minus the incoming

al pha value. The sum of these two col d3rs is

One major problem of using a textured quad is that it can only be seen from one

direction, if the player was to view a particle from the back nothing would be visible. A

popul ar technique in the games industry i s Bi
adjusts an object's orientation so that it "faces"somet ar get , wusual[dly the ce

There are various different ways to do this is by storing the current projection matrix,
deleting the rotations, rendering the object the restore the old matrix, this way loses any
scaling so if an object has to be at a certain size it must be scaled afterwards. Another
way is to transform each vertex by the right and up vector in the projection matrix; this
involves more calculations but is much safer as it does not involve tampering with the
current projection matrix.

Snow Particle System Implementation

Snow inherits from the base particle system so most of the function definitions were
described in section 2.3, most of these functions are virtual and allow me to redefine
their definitions, which is vital to create varied particle systems. See Figure 1.5 for the
Snow Particle Manger design. All inherited members have been omitted from this
diagram.

| designed a basic particle sprite for testing snow in MS Paint, as programmer ¥~

art goes, |1 6m proud of it. Any viing.ua'rlu pti mis
This texture is in .bmp format and will be loaded with an OpenGL texture

loader created by Chris Leathley. See Appendix C for header file coding. The image

data will be stored inside the glTexture structure.
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CParticleSystem

CSnowParticleManager

dolpdate : void
+ doRender: void
+ emitParticles : int
+ initialiseParticleSystem : void
+ setOrigin : void
+ setSnowProperties : void

- m_snowVelocity : CVector
- m_velocityVariation : CVector
- m_flakeSize : float
- m_emitRate : float
- m_height : float
- m_width : float
- m_depth : float
- m_pSnowText : glTexture

Figure 1.5 Snow Particle Manager

There is only one new function added to this class and it is setSnowProperties(). This
function modifies all the variables controlling the snow system update; it can be called at
initialisation or at run time to change the update control.

New variables are all private and are only for use by this class, a brief description of
these variables:

m_snowVelocity This governs the base velocity of the snow patrticles. It is of
CVector type and consists of 3 values which affect the way the
snow falls. For a realistic effect the y parameter

m_velocityVariation So snow falls at varying speeds a random velocity is reduced
or added to m_snowVelocity when emitParticles is called.

m_flakeSize Flake size is randomly assigned from this value, it corresponds
to the maximum size a particle can be.
m_emitRate Emit rate controls how many new particles are to be emitted

within a certain timeframe. This is controlled within the update
loop of the particle system.

m_height, m_width, Used to create a box zone in which the particles emit around
m_depth an origin.
m_pSnowText Used to store image data for the snow particle sprite, also used

to display the sprite to the player.

16



Some of the more important functions will describe a brief explanation.

void CSnowParticleManager::initialiseParticleSystem()

{
/I Call Utility Singleton and access the texture loader then load snow sprite
UTILITY.getTextureLoader() - >SetAlphaMatch(TRUE, 0, 0, 0)
UTILITY.getTextureLoader() - >SetMipMapping(TRUE);
UTILITY.getTextureLoader() - >LoadTextureFromDisk(  "Data \\ Images \ \ snowblob.bmp" ,
&m_pSnowText);
UTILITY.getTextureLoader() - >SetMipMapping(FALSE);

/I Call base class initialise
CParticleSystem::initialiseParticleSystem();

}

This has to be called after creation of the snow particle manager object. This handles
the initialisation of certain parameters and mainly the sprite object. The texture loader
classis contained insidethe Ut i | i t y s S$inglgtdnéstprobably the mast widely
used design pattern. Its intent is to ensure that a class has only one instance, and to
provide a gl obal [pl&eerAppendix D farthe Btistysclass beadet
code. This is then used to setup loading of the image and certain parameters like mip-
mapping and alpha blending. It then calls the base class initialise to initialise common
parameters to their default values. See Figure 1.4.

void CSnowParticleManager::initialiseParticle( int index)

{

/I start the particle at the sky at a random location in the emission zone

m_pParticleList[index].m_pos.x = m_origin.x + FRAND * ((m_width* 2)+m_width);
m_pParticleList[index].m_pos.y = m_origin.y + m_height;
m_pParticleList[index].m_pos.z = m_origin.z + FRAND * ((m_depth* 2)+m_depth);

/I set the size of the particle
m_pParticleList[index].m_size = UTILITY.randFloat(m_flakeSize);

/I give the particle a random velocity

m_pParticleList[index].m_velocity.x = m_snowVelocity.x + FRAND *
m_velocityVariation.x;

m_pParticleList[index].m_velocity.y = m_snowVelocity.y + FRAND *
m_velocityVariation.y;

m_pParticleList[index].m_velocity.z = m_snowVelocity.z + FRAND *
m_velocityVariation.z;

}

Initialise particle does what it says. Its parameter index is used to reference the array of
particles. The parameters of this particle are then randomly assigned according to the
initial values associated with the system. The particles position is set inside a box which
corresponds to the values of m_width, m_height and m_depth, these parameters are
added to the current origin so they always emit on screen. Size is randomly chosen
from the randFloat function from the utility class, this function returns a random floating
point number from its parameter. Velocity is simply calculated from existing variables at
random with the m_velocityVariation vector giving variation in speed and direction.

17
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void CSnowParticleManager::doUpdate( float  elapsedTime)

for (int i= 0;i<m_iNumParticles;)

{
/l update the particle's position based on the elapsed time and velocity
m_pParticleList[i].m_pos = m_pParticleList[i].m_pos +
m_pParticleList[i].m_velocity * elapsedTime;

/1'if the particle has hit the ground plane, Kill it

if  (m_pParticleList[i].m_pos.y <= (m_origin.y - m_height) )
{
/I move the last particle to the current positon, and decrease the
count
m_pParticleList[i] = m_pParticleList[ -- m_i NumParticles];
}
else
{ _
++i;

}

/I store the accumulated time
m_accumulatedTime += elapsedTime;

/I determine how many new patrticles are needed
int newParticles = m_emitRate * m_accumulatedTime;

/I save the remaining time for after the new particles are released.
m_accumulatedTime -= 1.0f /( float )m_emitRate * newParticles;

emitParticles(newParticles);

}

doUpdate is the main control of the whole snow particle system. It handles the
calculation of each active particles new position based in the elapsedTime parameter, if
the current particles position is less than the origin plus the height of the emission zone
t he parti ¢thiealso asts d5 k sott, loepd o longer have to loop through the
entire array to check if a particle is active, m_iNumParticles stores the how many
particles are active and is used to determine the loop control. It finally calculates how
many particles should be emitted from the accumulated time. elapsedTime is passed
from the Timer class, see Appendix E for the header code.

There are no intense calculations here; the only slow part is the division on the second
last line, if extreme optimisations are needed this value could be bit shifted to remove
the divide at a loss of some accuracy.

The rendering function T doRender, handles the rendering of the particle system.
Blending is enabled in OpenGL and set up where the source textures alpha channels
are completely transparent i.e. the snow particle. 2D Texturing is also enabled to allow
guad texturing, the texture is then bound to the target and the texture environment is
set, the parameter GL_MODULATE multiplies the texture colour by the lighting colour.

18




A call to gIBegin is finally made which specifies | am going to start drawing quads (four
points which are used to represent the image). Each active particle is set to be looped

void CSnowParticleManager::doRender()

{

CVector pos;

float size= O;

float  mat[ 16];

glGetFloatv( GL_MODELVIEWO_MATRIX_EXT, mat ); Il Get modelview matrix
CVector right(mat[ O], matf] 4], matf] 8]); // Obtain up and right vectors from

CVectorup(mat] 1], mat[ 5], mat[ 9]); // the view matrix

/I enable alpha blending and texturing
glEnable(GL_BLEND);
glEnable(GL_TEXTURE_2D);

/I set the blend mode
giBlendFunc(GL_SRC_ALPHA, GL_ONE);

/I select the snow texture
gIBindTexture(GL_TEXTURE_2D, m_pSnowText.TexturelD );
glTexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE);

// draw the quads
gIBegin(GL_QUADS);
for (int i= 0;i< m_iNumParticles; ++i)
{
pos = m_pParticleList[i].m_pos;
size = m_pParticleList[i].m_size;

glTexCoord2f( 0.0, 1.0); glVertex3fv((pos + (right + up) * - size).v);
glTexCoord2f( 1.0, 1.0); glVertex3fv((pos + (right - up) *size).v);
glTexCoord2f( 1.0, 0.0); glVertex3fv((pos + (right + up) * size).v);

glTexCoord2f( 0.0, 0.0); glVertex3fv((pos + (up - right) * size).v);

}

glEnd();
glDisable(GL_BLEND);
glDisable(GL_TEXTURE_2D);

}

through. The position is specified from the particle array then transformed to face the
camera. Texture coordinates are specified in a clockwise order alongside the positions.
Drawing is finally ended and enabled OpenGL features are disabled.

This produces a fairly basic snow effect see here. Visually and performance wise it
could be improved. To see this in action locate the Executables\Snow Particle System
directory on the disk and run Snow_Particle_System.exe.

19
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Rain Particle System Introduction

Rain is very similar to snow, particle system wise, its spawned from the sky and falls at
a velocity, the only difference is their appearance. Rain drops are spherical shaped, but
a more classically depicted as tear drops, when falling however the drop appears to be
a blurred line shown here, this is because raindrops can fall from five to twenty miles
per hour dependant of their size [6].

Rain has also been a common particle system in games for years. A memorable game
which used a common method was Baldurs Gate. This game was a 2D isometric role
playing game released by Bioware in 1998. The rain was simple but effective, by
drawing lines moving downwards at a fast pace the illusion of rain was created.
Nowadays rain has become a much more glamorous part of gaming but the line
drawing technique is still present.

Rain Particle System Design

The rain particle system will be very similar to the snow implementation. It will also use
the optimisations made. The visual representation can be done in numerous ways. A
billboarded quad or point sprite with a line image rotated to the appropriate falling
velocity or by using the OpenGL drawing technique GL_LINES, this simply draw a line
between two points in space, anything about the line can be changed from width to
colour, so there is many varied graphical tweaks to be made.

To add a sense of ambience to the scene | will be using fogging similar to its use in the
snow particle system, the fogs colour will be slightly darker to represent the gloom that
usually comes from overcast skies.

The design may be small but the only difference between the two particle systems is
how they are rendered.

Rain Particle System Implementation

Rain also inherits from the base particle system; see section 2.3 for a description. See
Figure 1.6 for the Rain Particle Manger design.

setRainProperties works in the same fashion as setSnowProperties does in the snow
particle system. There is two new members here: m_fogColor and m_fogDensity. These
control the fogging created by OpenGL, they are members of the class to prevent
creating new variables each frame which are always the same value.
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CParticleSystem

N

:

CRainParticleManager

+ doUpdate : void
+ doRender: void
+ emitParticles : int
+ initialiseParticleSystem : void
+ setOrigin : void
+ setRainProperties : void

- m_rainVelocity : CVector
- m_velocityVariation : CVector
- m_rainSize : float
- m_emitRate : float
- m_height : float
- m_width : float
- m_depth : float
- m_fogColor[4] : float
- m_fogDensity : float

Figure 1.6c Rain Particle Manager

The big change is in the rendering code. There is a few changes here. One being
glEnable( GL_LINE_SMOOTH), this aliases all drawn lines below but for this to work
effectively blending must be enabled, it is slightly slow and there are other methods to
give an aliased effect. Lighting is also disabled so a colour can be applied to all the
lines. To give a difference in appearance each line is drawn in relation to its size.

void CRainParticleManager::doRender()
{

CVector partPos;

float  size;

/I set the blend mode
glEnable(GL_BLEND);
giBlendFunc(GL_SRC_ALPHA, GL_ONE);

/I Enable fog and set properties
glEnable(GL_FOG);

glEnable( GL_LINE_SMOOTH );
glDisable( GL_LIGHTING );

glFogfv(GL_FOG_COLOR, m_fogColor);
glFogf(GL_FOG_DENSITY, m_fogDensity);

glColor4f( 1.0f , 1.0f , 1.0f , 0.3f );

gIBegin(GL_LINES);
for (int i= 0;i<m_iNumParticles; ++i)
{

partPos = m_pParticleList[i].m_pos;

22
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size = m_pParticleList[i].m_size;

glVertex3f(partPos.x, partPos.y, partPos.z);
glVertex3f(partPos.x, partPos.y - size* 6, partPos.z);

}
glEnd();

/l Reset colour buffer
glColor4f( 1.0f , 1.0f , 1.0f , 1.0f );

glEnable( GL_LIGHTING );
glDisable( GL_LINE_SMOOTH );
glDisable(GL_BLEND);
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Smoke Particle System Introduction

Smoke is a collection of liquid particles and gases, often the waste product of chemical
reactions such as fire, it does have its uses though, a common use in games is smoke
grenades used to cloud the players view, or fires emitting smoke.

Games which have realistic looking and simulating smoke are Crackdown, Crysis,
Killzone 2 and Rainbow Six Vegas 2.

Smoke Particle System Design

Smoke will be the most difficult system | have chosen to implement as simulating
realistic movement will have to be based off physics or some complex algorithm. The
particles will have to be sorted so the alpha channels are correctly drawn.

The visual display will be a point sprite with this image applied. This
image was created by Fengdi Yang. Drawing an image with edges
will lower the realistic aspect of the game if it is noticeable. To tackle
the alpha blending of the particles | can do this in two ways.
Implement a sorting algorithm which sorts all active particles in order
of reverse order depth, this is done so particles further away from the
camera are drawn first and the thicker the smoke is the darker the alpha channels

become. This will be a slow process depending on the algorithm and the number of
particles. Alternatively the task can be handed to the graphics card by enabling blending
and disabling the depth buffer. The depth buffer is what handles how objects are drawn

in relation to their position or depth. By default in OpenGL the depth buffer is enabled so
objects with a greater Z distance from the camera are drawn behind objects which are
closer to the camera. If the depth buffer is turned off objects are drawn in order

regardless of depth. One problem is some polygons can bleed through polygons that

are in front of them depending on the clipping planes, if the far clipping planes are very

far from the current camera view the depth buffer loses its precision. [8] Thi st i s n 6
suitable for a 3D environment but is good for testing, the problem will be the particle

system being drawn infront of all objects rehardless of its position in space.

Another limitation is yet again the particle_t structure. Smoke being affected by wind

wonodét al ways keep the same orientation and be
texture, this will need to be rotated. This will require adding more data to the particle

structure, data for the current rotation, the rotation speed and direction.

Unlike the falling particle systems, smoke can have more than one instance which will
have varied positions in 3D space. To do this | will need to create a particle manager
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which objects query when they want to spawn a specific particle system. This will allow
me to specify pre defined parameters and also a limit to all systems.

Smoke does not visually seem to move at a constant acceleration or velocity so
calculating the new position from the same va
parameter could be calculate by velocity and the two others could be calculated from

the coefficients of the chosen value. There are many physical coefficient algorithms, a

common one used in game physics is the dampin
smoke system however Thermal expansion could be used to calculate the size change

of the particles.

Smoke Particle System Implementation

The first new addition to the smoke particle system was sorting the particles. | chose the
algorithm Quicksort. The pseudo code for quick sort is:

function quicksort(array)
var list less, greater
f | ength(array) O 1
return  array
select and remove a pivot value pivot  from array
foreach x in array
if x O pi thent appendx to less
else append x to greater
return  concatenate(quicksort(less), pivot,
quicksort(greater))

In this case the list of smoke particles are partitioned into two lists which are less than or
greater than a pivot point. The pivot point can be any point in the array. Both lists are
recursively sorted then merged into one list yet again. The quicksort algorithm generally
runs at O(nlogn) but with large chunks of data can slow to O(n?) and thus is a very
commonly used sorting algortihm because of its ease to implement.

The C++ implementation to sort the particle by their Z-depth is as follows:

void CSmokeEmitter::SortParticles( particle_t *A, int firstElement, int
lastElement )
{

if ( m_iNumParticles <= 1)

return

int middle=  O;
if (firstElement < lastElement)

middle = PartitionArray( A, firstElement, lastElement );
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SortParticles( A, firstElement, middle ); /I sort top partition
SortParticles( A, middle+ 1, lastElement ); /I sort bottom partition

}

SortParticles take a pointer to an array, the first element in the array you wish to sort
and the last. The integers can be any value but are commonly called as shown below:

SortParticles( m_pParticleList, 0, m_iNumParticles -1);
int  CSmokeEmitter::PartitionArray( particle_t *A, int firstElement, int
lastElement )
{
particle_t x = A[firstEl ement];
int i =firstElement - 1;
int j=lastElement + 1;
particle_t temp;
do
{
do
{ .
)=
} while (x.m_pos.z > A[j].m_pos.z);
do
{ .
i++;
} while (x.m_pos.z < Afi].m_pos.z);
if  (i<))
{
temp = A[i]; /I switch elements at positions i and |
Alll = Alll;
All] = temp;
}
}while (i <j);
return  j; I returns middle index

}

The array is split and recursively sorted until the whole array is sorted. Each patrticle is
checked by its z value contained in the CVector struct until two particles with a close z
range are swapped.

One problem with this algorithm is that it will only sort by z depth. If the user views from
an axis which isnét facing down the za axi s th
different axis.

The x parameter is the chosen parameter to be linearly calculated. The y and z
parameters are coefficient calculations of x. The values use for calculations are stored
in a lookup table or are hardcoded and can be easily changed to change the simulation.
The coefficient values are below.
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inline float yTrace( float x, int i)

{
float v;
y = yTrackParas]i][ O]*pow(x,yTrackParas]i][ 1)+
yTrackParasli][ 2]*sin(yTrackParasl[i][ 3*x)+
yTrackParas][i][ 41*sin(yTrackParasl[i][ 51*x);
return y;
}
inline float  zTrace( float x)
{
float z,a0( O0.5f ),al( 1.5f ),a2( 0.2f ),a3( 1.5f ),ad( O0.7f );
z=a0*x+al*sin(a2*x)+a3*sin(ad*x);
return Z;
}
The C++ keyword inline doesné6t treat the
functions i.e. declared in the header and defined in the sourcefile. Thi s i snodt

as most compilers will declare a function as inline if its code block is small enough.
Declaring inline however on a function which needs to be used over and over can yield
a performance increase.

The coefficient algorithms are an altered version of the smoke particle system
developed by Fengdi Yang [9].

The update portion of the code utilises the above functions to give the effect seen in
Figure 1.8. The update is processed in the following way:

void CSmokeEmitter::doUpdate( float  elapsedTime)

{
float X, Yy, z;
X=y=2z= 0;
for (int i= 0;i<m_iNumParticles;)
{

/I update the particle's position based on the elapsed time
/I and velocity
x = ( m_pPatrticleList[i].m_velocity.x

+ UTILITY.randFloat( -0.01f , 0.06f )*elapsedTime);
y = (yTrace( x, m_pParticleList[i].m_energy ) * elapsedTime );
z=(zTrace(x) * elapsedTime );

m_pParticleList[i].m_pos.x += X;
m_pParticleList[i].m_pos.y +=;
m_pParticleList[i].m_pos.z += z;

/I Update alpha
m_pParticleList[i].m_colour[ 3]-=
m_pParticleList[i].m_colourDelta[ 3];
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}

/I Update orientation
m_pParticleList[i].m_rotation +=
m_pParticleList[i].m_rotationDelta * elapsedTime;
if ( m_pParticleList[i].m_rotation >= 360.0f )
m_pParticleList[i].m_rotation = 0.0f ;

/I Update size
m_pParticleList[i].m_size += m_pParticle List[i].m_sizeDelta
* elapsedTime;

/I if the particles alpha is less than zero, kill it

if  ( m_pParticleList[i].m_colour[ 3]<= 0.0f )
{
/I move the last particle to the current positon,
/I and decrease the count
m_pParticleList[i] = m_pParticleList[ -- m_iNumParticles];
}
else
{ .
++i;
}

The particles are updated in a similar fashion to the other systems except size, rotation
and alpha is altered. If the alpha value is less than or equal to zero the particle is killed.
The rendering point sprite based and is also similar to the snow particle systems
optimised render code.
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Explosions and Fire Particle Systems Introduction

Explosions and fire are another common particle system in games. Fire also spawns
smoke asawaste products o i t 6s a good o p\pogarticle systeamg. t o ¢ o ml

Games that have utilised these particle systems to good effect are: Grand Theft Auto 4,
Crysis, Call of Duty 5 and Castle Crashers.

Explosions and Fire Particle Systems Design

Explosion and fire are two similar effects which both involve the element of fire. The
difference is fire behaves in a constant erratic pattern whereas an explosion is a cluster
of force and fire pushing outwards from a point. Explosions are most commonly mans
fault and can be of various types; chemical, nuclear and electrical are the most
common. In a game environment explosions are commonly representations for a
grenade exploding, a car being blown up, a nuclear weapon being detonated.
Electromagnetic pulses are also a common system in games, Deus Ex used a simple
system of a sphere map constantly expanding with a rotating electrical texture to portray
an EMP explosion. Explosions usually leave behind a puffs of smoke which are visible
after the explosion has finished, if these particles were to be included they would need a
separate render and update segment. Explosions dependant on size have a very
distinct and heavy sound which gives a sense of atmosphere to the visual element.

Fire is a very fuzzy object. Its movement cannot be randomly simulated or be accurately
replicated because of no distinct movement pattern. Fire seems to emit from a radius as
seen in Figure 2.1. As fire becomes starved of oxygen it seems to disappear, this would
be the point the particles would be killed in game, the visual effect is a large base with a
gradually smaller width approaching its peak. To achieve this affect particles could be
killed at a height and also be killed if their energy value reaches zero, particles energy
could be randomly assigned to vary the height at which particles are killed. One problem
simulating fire is achieving an erratic motion in more than one plane. In 2D the effect
could be achieved by oscillating the x value through a sin wave.

Since fire and an explosion are both visually similar | will be using the
following sprite to represent them in game. The sprite will have a colour
mapped to it which will change according to its life value.
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Figure 2.1¢c Chemicafire

Explosions and Fire Particle Systems Implementation

Explosions were a relatively simple implementation. All the particles are spawned from
an origin and given a random velocity in all directions. The particles are given energy
and colour. The particle are killed corresponding to their alpha value which is
decremented at a random increment each update. One the alpha value reaches zero
the particles are killed, this is a one off event and no new particles are spawned once
the initial explosion has occurred. The first implementation is viewable either by running
the video Explosions in the video directory of the CD supplied or by running the
executablei Ex pl osi ons a ncbntdinedirethe 8xecutaldemsection of the
CDsupplied, t o spawn an explosion press key 0360.

Fire is rendered in the exact same way to Explosions, their difference is the updating
and emission patterns. To achieve the random fire effect | updated the Y position of
each patrticle with its velocity, the X and Z values were calculated from the sine values
of Y and the cosine values of Z and X respectively.

void CFireEmitter::doUpdate( float  elapsedTime)
{
float x(0),y( 0),z( 0);
float  killHeight = m_origin.y + 45;
X=y=2z= 0;
for (int i= 0;i<m_iNumParticles;)
{
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/I update the particle's position based on the elapsed time and
velocity
( m_pParticleList[i].m_velocity.y * elapsedTime ) ;
m_pParticleList[i].m_pos.x + sin(y);
m_pParticleList[i].m_pos.z + sin(y) * - cos(x);
m_pParticleList[i].m_pos.x + sin(y) * - cos(2);

y
X
z
X

m_pParticleList[i].m_pos.x = x;
m_pParticleList[i].m_pos.y +=;
m_pParticleList[i].m_pos.z = z;

Il size
m_pParticleList[i].m_size -= 0.1f ;
/I Update alpha
m_pParticleList[i].m_colour| 1] +=
m_pParticleList[i].m_colourDelta[ 1];
if ( m_pParticleList[i].m_colour[ 11> 0.6f )
m_pParticleList[i].m_colour[ 11= 0.6f ;
m_pParticleList[i].m_colour[ 3] -=
m_pParticleList[i].m_colourDelta[ 3];

/I if the particles alpha is less than zero, kill it
if (' m_pParticleList[i].m_colour[ 3]<= 0.0f |
m_pParticleList[i].m_size <= (0|
m_pParticleList[i].m_pos.y > killHeight )
{

decrease the count

}

else

{
}

/I move the last particle to the current positon, and

m_pParticleList[i] = m_pParticleList[ -- m_iNumParticles];

++i;

}

/I Rest of code omitted.

When the energy of the particle reaches zero or it reaches a certain height greater than
the origin it is killed. See Figure 2.2 for the implementation. A video representation and
executable are also available on the CD in the same folders listed above.
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Blood Particle System Introduction

Blood is another common particle system in games, not Nintendo ones, but most of

them. Blood is always a hot topic in games and prompts most games released to be

given an age rating of 18, it has often resulted in games being banned in certain

countries. Some years ago Paradox Development were in development of a game

called Thrill Kill, once the company was owned by Electronic Arts they cancelled the

game citing such a brutal game would damage their public image, the game was still

leaked on and soon became a cult hit but was also the scapegoat for a few murders

whi ch were dubbed AThr i | | orKdcdurrencein maternm dayo . Bl oo
games. With games like Gears of War pushing the limit of gore one has to wonder how

far it will go.

Blood Particle System Design

Blood will be a very simple effect to achieve. It can be done by using calling:
glBegin(GL_POINTS);

This will render a pixel on the destination buffer a specified colour and surrounding ones
depending on the size of the point. This will produce a simple point in space which is
relatively fast to render. Spawning multiple particles when a collision occurs with the
player and colouring them red will give the effect of blood. The system can use the
integrator previously developed for a speed gain as there is no change to the
parameters and they are updated by an euler method.

Blood Particle System Implementation

There isnét much new in the way of i mpl ement a
the previous optimisations detailed, the only difference is the render code.

void CBloodEmitter::doRender()

{
glEnable( GL_POINT_SMOOTH );
glDisable( GL_LIGHTING );

glPointSize( m_pParticleList] 0].m_size );
glBegin(GL_POINTS);

for (int i= 0;i<m_iNumParticles; ++i)

{

const CVector partPos = m_pParticleList[i].m_pos;
glColor4fv( m_pParticleList[i].m_colour );
glVertex3f(partPos.x, partPos.y, partPos.z);

}
glEnd();
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/I Reset colour buffer
glColordf( 1,1, 1, 1);

gIDisable(GL_POINT_SMOOTH);
glEnable( GL_LIGHTING );

Points are drawn with lighting disabled so the applied colour can be seen, the size is set
before drawing because all particles have the same size, colour could also be set
outside the loop as all particles have the same colour. The point is then drawn at the
specified position. This gives the following result:

Figure 2.4¢ Blood Particle System
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Snow Particle System Testing

A bug found was at runtime all particles were emitted straight away which would cause
an obvious gap between updates. This was caused by the timer being initialised to soon

For profiling | will be running and analysing the snow system with a max particle limit of
2000 particles with an emit rate of 500 (this means a possible 500 particles can be
emitted per update) and ran for 60 seconds. The trial version of AQtime is available on
the disk in the Third Party Software folder to view all profiling results but the important
details will be covered in the report.

Profiling of the snow patrticle system yielded the following results (summarised):

Routine Name Time Hit Count
CSnowParticleManager::doRender 9.50 4507
CSnowParticleManager::doUpdate 0.84 2255
CSnowParticleManager::initialiseParticleSystem 0.03 1
CSnowParticleManager::initialiseParticle 0.02 30993
CSnowParticleManager::setOrigin 0.00 2255
CSnowParticleManager::~CSnowParticleManager 0.00 1
CSnowParticleManager::CSnowParticleManager 0.00 1

Table 1.0¢ Snow Particle System Profiling

From this table we can clearly see the rendering code is the slowest and the second
most commonly called, any possible optimisations should definitely be made to the
rendering code. The update loop has a low time compared to its hit count so could
possibly be optimised with more realistic physical calculations although the falling
aspect is fairly realistic, the number is only as high as it is because of calling
initialiseParticle 30993 times, the emit rate could be lowered to counter this too. If there
is no possible optimisations and the frame rate lowers in game then the max number of
particles and the emit rate can be lowered to reduce the time spent in the rendering
function. Since the general performance is satisfactory some visual optimisations can
be implemented.

Snow Particle System Optimisation Design

From the profiler we gathered that the rendering code needed optimising. One possible
optimisation is replacing the textured quad with a point sprite. Point sprites are basically
a point in 3D space which a texture is mapped to. Already this will reduce four point
being sent to the graphics buffer to just one, it also strips the billboarding calculations
from the CPU and loads them onto the GPU. | will have to setup the point sprite
extension in OpenGL. One possible problem is point size cannot be changed between a
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begin statement, only before. | can call giIBegin(GL_POINTS) and glEnd every loop but
this could slow down the GPU.

A possible visual optimisation is adding fog. When snow falls the viewing distance drops
(if you have never seen snow click here), to replicate this effect in OpenGL it is simply
enabled by calling glEnable(GL_FOG). This applies a light fog colour to everything in
the scene and will give the desired effect. Various parameters can be tweaked like
density and fade distance, it is also commonly used to cull distant objects beyond the
fog.

Snow Particle System Optimisation Implementation

No new functions have been added at optimisation but new variables have been
introduced to control some of the new aspects.

m_fogColor[4] When fog is enabled the colour is set to these four values.

m_maxSize Used for culling any point sprites which size is over the
m_flakeSize member variable.

m_fogDensity Specifies the distance to which fog covers objects.

The big change is inside the rendering code. Fogging is enabled, its colour and density

void CSnowParticleManagerOptimised::doRender()

{
/I Enable fog and set properties
glEnable(GL_FOG);
glFogfv(GL_FOG_COLOR, m_fogColor);
glFogf (GL_FOG_DENSITY, m_fogDensity);

/I enable alpha blending and texturing
glEnable(GL_BLEND);

/I set the blend mode
giBlendFunc(GL_SRC_ALPHA, GL_ONE);

/I Enable 2d texturing select the snow texture

glEnable(GL_TEXTURE_2D);

gIBindTexture(GL_TEXTURE_2D, m_pSnowText.TexturelD );
gITexEnvf(GL_TEXTURE_ENV, GL_TEXTURE_ENV_MODE, GL_MODULATE);

/I Point sprite enabling
glEnable(GL_POINT_SPRITE_ARB);
gITexEnvi(GL_POINT_SPRITE, GL_COORD_REPLACE, GL_TRUE);

/I Fade at X distance a nd dont draw sizes between 0.1 and max size
UTILITY.glPointParameterfARB( GL_POINT_FADE_THRESHOLD_SIZE_ARB, 60.0f );
UTILITY.glPointParameterfARB( GL_POINT_SIZE_MIN_ARB, 0.1f );
UTILITY.glPointParameterfARB( GL_POINT_SIZE_MAX_ARB, m_maxSize );

for (int i= 0;i<m_iNumParticles; ++i)

/I Size can only be changed before beginning point sprite drawing
glPointSize(m_pParticleList[i].m_size );
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glBegin( GL_POINTS );
glVertex3fv( m_pParticleList[i].m_pos.v );
glEnd();

glDisable(GL_BLEND);
glDisable(GL_POINT_SPRITE_ARB);
glDisable(GL_TEXTURE_2D);

}

are set to the corresponding member variables. Point sprites are now enabled and
certain parameters are set to cull points after a specific distance from the camera and
not in a size range.

setOrigin has also been updated to deal with movement of an entity. This basically

translate the position of all active particles and changes the origin of the emission zone.

It doesndt process i f the mpletheadafthedhewes not mov
implementation.

Profiling the new system gave some surprising and very satisfactory results.

Routine Name Time Hit Count
CSnowParticleManagerOptimised::doUpdate 0.83 2240
CSnowParticleManagerOptimised::doRender 0.37 4482
CSnowParticleManagerOptimised::setOrigin 0.12 2240
CSnowParticleManagerOptimised::initialiseParticleSystem 0.04 1
CSnowParticleManagerOptimised::initialiseParticle 0.02 30798
CSnowParticleManagerOptimised:: 0.00 1
~CSnowParticleManagerOptimised

CSnowParticleManagerOptimised:: 0.00 1
CSnowParticleManagerOptimised
CSnowParticleManagerOptimised::setSnowProperties 0.00 1

Table 1.1¢ Snow Particle System Optimised Profiling

The rendering code is the most obvious change, the time spent in the function has
reduced from 9.50 seconds to 0.37 seconds, this is a huge optimisation. setOrigin
increased slightly but this is a necessary update for the particle system to function in an
active game environment. One more possible optimisation is removing the
initialiseParticle into another function which will loop the process X amount of times.
This will reduce the function overhead and increase performance as the function is no
longer being called X amount of times.

The run time functions amount to 1.34 which is well inside the 10% allocation for a
minute long execution.
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Rain Particle System Testing

The rain particle system will be profiled under the same conditions as the snow particle
system. That is a 60 second executable time with an emit rate of 500.

Profiling of the rain particle system yielded the following results:

Routine Name Time Hit Count
CRainParticleManager::doRender 1.66 9364
CRainParticleManager:: setOrigin 0.75 3008
CRainParticleManager::doUpdate 0.51 3008
CRainParticleManager::initialiseParticle 0.04 28312
CRainParticleManager::initialiseParticleSystem 0.00 1
CRainParticleManager:: 0.00 1
~ CRainParticleManager

CRainParticleManager:: CRainParticleManager 0.00 1
CRainParticleManager::setRainProperties 0.00 1

Table 1.2¢ RainParticle System Profiling

From the results itds obvious the rendering i
rendering used in the snow particle system. A possible optimisation is to switch line

drawing to a rain sprite and scale the size for some variety, see here for an example,

this is Ninja Blade for the XBOX 360. As mentioned earlier, enabling

GL_LINE_SMOOTH is a slow process. Profiling the render code without enabling line

smoothing gave the following.

Routine Name Time Hit Count
CRainParticleManager::doRender 1.37 9079
ltés a slight optimisation and t he vifiguea l dow

1.7 for the graphical difference. If no other possible optimisations are possible the

Figure 1.7¢ GL_LINE_SMOOTH comparison
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