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Abstract: Particle systems are primary tool for computer visualisation of certain fuzzy phenomena. This paper presents 
history, features, elements and practical applications of particle systems. An analysis is also given based on several 
masters’ theses in computer graphics field in which particle systems were used. Results show that a high level of visual 
realism is achievable through the usage of particle systems. Given their worldwide popularity, knowledge of particle 
systems through the course of higher education in area of computer visualisation is desirable, very useful and much 
needed. 
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1. INTRODUCTION 
 
Particle systems are used in computer graphics for 
visualisation of certain fuzzy phenomena, which are hard 
or impractical to reproduce by any other means. Fuzzy 
phenomenon implies “weakly defined” visualisation 
object which possesses non-solid state (fluid), thus 
making it impossible to accurately describe it’s shape and 
structure, which are subjects of continuous changes with 
certain random factor. Consequently, it is very hard or 
impossible to find multiple examples of identical fuzzy 
phenomena in nature. Changes in shape and structure of 
fuzzy phenomena are under the influence of many of their 
integral elements as well as external forces, which affect 
them in whole or in parts. Fuzzy phenomena include fluid 
motion, flame, clouds, smoke, etc. 
Particle systems consist of a large number of smaller, 
independent elements with similar and usually simple 
shapes and properties. These elements are commonly 
called particles. Their primary feature is movement. 
Movement of all particles is executed by same (or similar) 
rules, however different initial conditions, which are 
commonly influenced by the aforementioned random 
factor, resulting in somewhat similar particle movement. 
By grouping a large number of particles in relatively 
small space, given their high density, similar properties 
and movement, an illusion of wider, fluid and dynamic 
aggregate is created, thus forming a particle system. 
Discrete positions of particles through the course of their 
movement can be displayed in static fashion, thus 
showing particle trajectories. Such behaviour defines 
static particle systems. They are used for simulation of 
grass, hair, etc. 
Some phenomena that are not fluid in nature however 
possess similar dynamic and can also be simulated using 
particle systems. Such are insect swarms, bird flocks, fish 
schools, etc. 
Particle systems are available in both 2D (in 
postproduction) and 3D visualisation; however this paper 
includes 3D particle systems used for the purpose of 
animation of appropriate objects (phenomena). 

 

1.1. About paper 
 

At first this paper briefly covers the history of particle 
systems. Further on, basic elements of particle systems 
are described as well as ways of combining them. A basic 
simulation model is also described with regards to 
performance. Finally, this paper presents ways of 
practical usage of particle systems through several 
masters’ theses at Faculty of Technical Sciences in Novi 
Sad, Serbia.  
 
2. HISTORY OF PARTICLE SYSTEMS 
 
1980s brought many advancements in hardware and 
software industry and consequently advancements in 
computer visualisation. Back then a lot of research began 
on visual effects and techniques, of which some are still 
being used, such as ray tracing, volume graphics, solid 
texturing, fractals, environmental mapping and particle 
systems (Parent, 2000).  
In computer graphics, particle systems were first used by 
Reeves (1983). He presented particles in spherical, 
rectangular and circular shapes. Those particle systems 
possessed a quite simple dynamic, as the only force 
influencing particles was gravity. While these early 
systems were dynamic, another work on static particle 
systems was presented two years later (Reeves and Blau, 
1985). Soon afterwards Raynolds (1987) published a 
work in which he studied particle motion with regards to 
bird flocks and human crowds (Swarm particles). He 
introduced swarming behaviour around a single particle, 
as well as particle motion without collisions, which 
resulted in more complex particle systems. In year 1990 
K. Sims successfully rendered particle systems using 
supercomputers for creating animations such as Particle 
Dream (Figure 1.1) and Panspermia. These animations 
had significant influence on further development of 
particle systems. 
                                                           
1 Copyrighted: 1988, http://www.karlsims.com/particle-
dreams.html 
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Fig.1. Karl Sims, Particle Dream (scene from animation), 
generated waterfall 

 
Film and video-game industries had greatest use for 
particle systems. Particle systems developed by Reeves 
(1983, 1985) resulted from his work on opening scene 
from movie Star Trek II: The Wrath of Khan (1982, 
Lucasfilm) (Figure 22), in which planet was consumed by 
an expanding wall of fire. Another popular movie, in 
which particle systems were used, according to Parent 
(2002) is Lawnmower man (1992, Angel Studios, Xaos), 
in which bodies are shown disintegrating into small 
spheres. Movie Twister (1996, ILM) (Figure 33) is one of 
the best examples in which particle systems advanced to a 
highly realistic level, simulating tornado. 
 

 
 

Fig.2. Opening scene from movie Star Trek 2: The Wrath 
of Khan, planet in flames 

                                                           
2 Copyrighted: 1982, Paramount Pictures, 
http://www.paramount.com/ 
3 Copyrighted: 1996, Warner Bros, 
http://www.warnerbros.com/ 

 
 

Fig.3. Scene from movie Twister, tornado simulated using 
particle systems 

 
Video-games introduced particle systems much earlier 
(1960); however those existed in 2D environment. During 
1980s first 3D video-games emerged and somewhere 
around 10 years later 3D particle systems became their 
integral element. Today, particle systems are used in 
virtually all new video-games (Figure 44), as well as in 
high-budget movies for creation of special effects. They 
are almost universally used for making effects such as 
flame, smoke, explosions, glass shattering, breakage in 
general, and quite often for simulation of fluid flow, 
though not necessarily (Müller, Charypar and Gross, 
2003). 
Efficient simulation and rendering of particle systems are 
still very topical subjects of various researches. 
 

 
 

Fig.4. Realistic visual effects in computer game The Elder 
Scrolls V: Skyrim, real-time render 

 
 
3. PARTICLE SYSTEM ELEMENTS AND 

SIMULATION MODEL 
 
Particle systems include 4 basic elements: 

 emitter (defines general properties of particles, as well 
as initial conditions of their movement, including their 
starting locations) 

 forces (describe physical properties of the 
environment) 

 time (implies particle lifetime) 
 rendering (defines ways in which particles are shown) 

                                                           
4 Copyrighted: 2004, Bethesda Game Studios, 
http://www.bethsoft.com/ 
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Particle movement is defined by its displacement and 
rotation from emitter in direction which depends on 
environmental forces. Therefore movement isn’t a result 
of affine displacement alone, but rather “complex, 
differential equations” (O’Bryan and Karavasileiadis, 

2009:10). Only through such movement can realistic 
particle systems be achieved. 
Based on settings of the 4 basic elements, different results 
can be produced. The following table is presented as an 
example: 
 

Table 1. Examples of combining particle system elements 

Emitter Forces Time Rendering Result 
standing still while 

generating particles evenly 
and densely 

pushing opposite of 
gravity, turbulent limited small particles, yellow and 

orange in colour flame 

standing still while 
generating particles unevenly, 

in all directions 

pushing away from emitter 
in all directions 

unlimited 
(or very 

long) 

bigger particles of white 
material, possibly reducing in 
size as they move away from 

emitter 

cloud 

rotating around a single axis 
while generating particles in 

single upward direction 

pushing away from emitter 
in same upward direction, 
gravity pulling down too 

unlimited 
(or very 

long) 
round, transparent particles water 

spray 

Physical simulation is needed for making particle 
movement possible. Basic simulation model includes 
several steps which are repeated in a loop with high 
frequency: 
1. creation of new particles with given frequency, 

properties, lifetime, initial movement conditions, 
including movement and rotation speeds. These 
parameters are defined by emitter 

2. removal of particles which have expired 
3. update of particles’ movement and rotation speeds 

based on collisions with other particles, as well as 
with other scene objects. This is very time-consuming 
step, mostly thanks to high particle count, thus it can 
be ignored as needed 

4. update of particles’ movement and rotation speeds 
based on their properties, current location, general 
movement laws, as well as external forces which hold 
influence on particles at their current locations 

5. update of particles’ locations and rotations 
6. rendering of particles at their current locations using 

given parameters such as shape, colour, transparency, 
reflection, shading, etc. This is the most time-
consuming step, thus some parameters can be ignored 
as needed, such as reflection, shading, etc. 

In the interest of performance, particle rotation can also 
be ignored, especially if they are small and/or simple-
shaped. 
More complex particle systems are sometimes needed for 
achieving required level of realism. In such systems, 
particles are grouped so that each particle in a group is 
“influenced by same forces” (Mc Alister, 2000:3). Groups 
differ in behaviour and simulate certain portion of 
phenomenon. Final simulation integrates particle groups 
into a single cohesive structure. 
Particle systems can be further increased in complexity. 
Second order particle systems are described as treating 
emitters and force generators as particles of another 
system, basically allowing forces to influence forces, 
resulting in “Systems that are much more dynamic than 
the classical particle systems” (Ilmonen and Kontkanen, 
2003:243). 

4. REALISM AND PERFORMANCE OF 
PARTICLE SYSTEMS 

 
Realism is conditioned by the complexity of particle 
systems. More complex particle systems result in higher 
level of realism. Complexity of particle systems is 
however naturally conditioned by the speed of used 
(computer) hardware. Therefore by using particle systems 
(as well as any other visualisation technique) one must 
differ a situation in which real-time render is necessary. 
Prime examples of real-time systems are video-games. In 
general animation and film industry real-time render is 
not a requirement, since those imply postponed review of 
pre-generated and pre-rendered material. Real-time render 
demands an output of at least 24 frames per second (fps) 
during simulation, while recommended fps number for 
video-games usually reaches over 30 for smoother 
animation. To satisfy this criterion, compromises are 
made between realism and performance. Particle systems 
are one of the first targets of optimisations because of 
their procedural nature. Their complexity can be easily 
reduced by adjusting particle count. General animation is 
also characterized by deterministic scenes. That means 
scene complexity is determined by an established 
scenario, and is therefore predictable. In video-games 
some scene elements are generated in real-time in a way 
which can’t be predicted. That can lead to high scene 
complexity in certain moments (with object count being 
theoretically infinite). In the scope of particle systems, 
this aspect is particularly important in scenarios with 
sudden explosions of multiple objects, where lots of 
debris, fire and smoke need to be rendered. Therefore 
time, in which given number of particles can be rendered, 
is essential. Article of Tobias, Pfaff and others (2010) 
presents a comparative analysis of particle systems 
rendered in real-time on computers using state of the art 
hardware5. They managed to render system of 1 million 
particles with a performance of 15 fps. Results suggest 
that a very high level of realism is achievable with a 
relatively high performance. Continuing advances in 

                                                           
5 Graphics card: NVidia GTX 480, processor: Intel Core 
i7 and 8GB of RAM 
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hardware and software technologies allow for even higher 
levels of realism with increased performance. 
Since movement of each individual particle is generally 
independent from the rest of the system, particle systems 
are suitable for parallelization. This type of optimization 
implies grouping of particles across multiple compute 
units, be it CPU cores, or GPGPU-capable compute units 
of modern graphics processors (General-purpose 
computing on graphics processing units). Ideally, average 
compute time would have reciprocal dependency from 
number of compute units. This method becomes 
impractical when particle systems make minority of 
scene, however in such case they do not have significant 
impact on performance anyway. 
It is possible to optimize particle systems by splitting 
particles in even, spatially slightly transposed and/or 
rotated groups and simulating only one group while 
mirroring relative particle displacement and rotation 
across the rest. The mirroring process can be significantly 
less time-consuming than complete system simulation; 
however in some cases it might be obvious to the 
observer, thus making system less realistic. 
 
5. PARTICLE SYSTEMS IN MASTERS’ 

THESES AT FACULTY OF TECHNICAL 
SCIENCES IN NOVI SAD, SERBIA 

 
Particle systems can be simulated in a variety of today’s 
software. Most modern video-game engines include some 
form of a particle system. Virtually all modelling and 
animation software provides advanced feature-rich 
particle systems. The most popular such software 
includes: Java 3D, Autodesk 3ds Max, Autodesk Maya, 
Autodesk Inferno, Maxon Cinema 4D, Blender, and many 
more. A variety of particle system plug-ins are available 
to some of these programs for the purpose of easier, more 
intuitive, more autonomous, and specialized creation of 
some effects (fluids only, clouds only, flames only, etc.). 
Such are Next Limit Technologies – X Flow, RealFlow, 
Sitni Sati – AfterBurn, FumeFX, Thinkbox – Krakatoa, 
Cebas – Final Render, Thinking Particles, etc. 
Further on, this paper presents 3 masters’ theses in the 
field of computer graphics at Faculty of Technical 
Sciences from Novi Sad, Serbia, in which particle systems 
were used. One of them includes simulation of flame, ice 
and air bubbles. Others include some shattering and 
explosion effects, as well as airplane trail simulation. 
Among other subjects, first thesis (Vukmirović and 
Obradović, 2010) covers flaming globe simulation. At 
first, authors analyzed a way in which flame should be 
simulated. A specific type of flame was chosen, such that 
it is the result of burning natural gas. This process does 
not produce smoke, as opposed to burning solid materials. 
Coloration includes yellow and orange shades near the 
edge of the flame and white shades in the core, near 
surface of the globe. Forces push the flame upwards, with 
a certain amount of turbulence, causing the flickering 
effect. Without the turbulence, simulation would result in 
a monotonous upward stream. Simulation was done using 
3ds Max, without additional plug-ins. 
In order to achieve entire globe burning in flames, 
particles were produced uniformly on its outer surface. 
Deflector was also placed on the globe’s surface to 

prevent particles from passing through. 60.000 particles 
were used in simulation. Forces were pushing particles 
upwards and around the globe, resulting in their spiral 
trajectories. Additional pair of forces was used to 
repeatedly push particles away from the globe and pull 
them back in short periods, which resulted in their 
turbulent behaviour (Figure 5). Turbulence was managed 
using key frames. In rendering phase Blobmesh structure 
was used for merging particles into single fluid form. 
Colour of the particles was specified using materials 
option. A preset material describing fire was chosen, 
applying colour range from white to orange. Simulation 
resulted in realistic flaming globe animation (Figure 6). 
 

 
 

Fig.5. Flaming globe, particles in 3ds Max window 
 

 
 

Fig.6. Flaming globe in final render 
 
The same thesis also describes simulation of the ice 
forming on glass surface. Setup included system which 
detected collision between particles and glued them 
together in a larger formation. Particles exhibited similar 
properties to 2D fractals. System used was dynamic, 
although same results could be achieved by using static 
particle system. 
5.000 particles were used in simulation. Emitter was 
raised to a certain height. Force of gravity was defined, as 
well as some turbulent forces. Deflector was placed, 
which prevented particles from passing through a plane, 
effectively acting as a glass surface. Force of wind was 
also defined for the purpose of spreading particles across 
the glass surface. An auxiliary particle system was 
defined which emitted a single particle for the purpose of 
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detecting initial collision and setting off particle 
aggregation effect. In rendering phase Blobmesh structure 
was again used for merging particles into a fluid. 
Reflection and transparency was added by applying 
appropriate materials. Simulation resulted in realistic ice 
formation on glass surface (Figure 7). 
 

 
 

Fig.7. Ice formation on glass surface 
 
Thesis also describes simulation of submerged air 
bubbles. At first authors analyzed the phenomenon. Air 
bubble possesses spherical base shape, with smooth and 
rounded top surface and somewhat irregular bottom 
surface. As it rises to surface, the bubble gets disrupted by 
turbulent water, thus being divided into smaller bubbles at 
its bottom side, while its upper side remains seemingly 
intact. Smaller bubbles have greater speed; however water 
motion has greater influence on them too, making them 
faster and more turbulent. Bubbles have reflective and 
refractive upper surface, while their bottom side is a lot 
darker due to the absence of reflected light. 
Emitter was set at a certain depth. Particles were affected 
by a vertical thrust force as well as some turbulent forces. 
In order to produce a limited amount of bubbles, particle 
lifetime was relatively short. At first, the shape of the 
bubble was defined by a single big particle. Additional 
smaller particles were produced from the first one’s 
bottom side on its way to the surface. More particles were 
produced from each new particle by the same rule. Their 
volume depended on the volume of particle from which 
they were created. Blobmesh was yet again used to merge 
particles together. In this case Blobmesh naturally 
simulated (by design) deformation and separation effects 
as the particles were moving away from one another. 
Reflective and refractive material was also applied. Blue 
background and light effects were added to complement 
animation. Simulation resulted in realistic submerged air 
bubbles animation (Figure 8). 
Second thesis (Stanić and Obradović, 2010) presents 
chess game animation. In some parts animation includes 
particle systems. Software of choice was 3ds Max, using 
an additional particle plug-in - AfterBurn suitable for 
generating realistic flame, smoke, clouds, gases, etc. 
First scene of the animation presents 3D title breakage 
effect (Figure 9). Using PArray tool, title was broken into 
smaller pieces – particles, which were sent in all 
directions. Their number, volume, shape and colour 
depend on the actual deconstructed object (title in this 
case). Particles were pulled down by gravity force. 

Deflector was placed on a chess board to prevent particles 
from passing through. Particle lifetime was relatively long 
for some prolonged bouncing action. 
 

 
 

Fig.8. Submerged air bubbles effect 
 
Second animation part of interest was made with the help 
of AfterBurn plug-in. It presents an explosion of chess 
figures. Snow making particle system preset was used to 
define locations and scope for the explosions. It was then 
modified and enhanced by the AfterBurn plug-in for the 
purpose of creating realistic explosion effects. Some 
explosion parameters set in AfterBurn were colour, shape, 
shading, behaviour, etc. The result is shown in Figure 10. 
 

 
 

Fig.9. Title breakage effect 
 
Third thesis (Grba and Obradović, 2010) presents 
animation of Red Bull Air Race set in the environment 
which resembles an area around Liberty Bridge over 
Danube River, located in Novi Sad, Serbia. Software of 
choice was once again 3ds Max. 
In order to make animation more realistic, smoke trail was 
simulated along airplane’s path. In this case emitter was 
mobile as its position depended on airplane’s trajectory. 
Colour, shape, frequency and number of particles were set 
in a way which appropriately simulates smoke. Particle 
lifetime was set so that trail faded after a while. Gravity 
force was nullified, since its effect on smoke trail is 
virtually non-existent. Figure 11 shows smoke trail in 3ds 
Max window. Final result is dynamic airplane animation, 
which was complemented by adequately using particle 
system for the purpose of smoke trail simulation (Figure 
12). 
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Fig.10. Explosion of chess figures 
 

 
 

Fig.11. Smoke trail in 3ds Max window 
 

 
 

Fig.12. Airplane trail in final render 
 
 
6. CONCLUSION 
 
Particle systems have been one of the most important 
techniques used in computer animation for the last 30 
years. They can effectively simulate some complex fuzzy 
phenomena in a realistic fashion. Thanks to their 
dynamic, fluid and random properties, animation becomes 
flavored by an additional dimension rich with life. 
Particle systems are increasingly used in various segments 
of visualisation. Therefore knowledge of particle systems 
is desirable and much needed by all professionals in area 
of visualisation and animation. 
Graduates, who used particle systems in their masters’ 
theses at Faculty of Technical Sciences in Novi Sad, 
Serbia, are among the first who used this visualisation 
techique in this facility. They showed that effective 
results can be produced by carefully observing object 
(phenomeonon) being visualized, as well as extensively 

knowing particle systems and software being used. In all 
3 cases software of choice was 3ds Max, which is also 
one of the most popular software used for 3D modelling 
and animation and is supported by an extensive set of 
plug-ins. Combinations of effects produced in these 
animations can result in various effect-rich scenes ranging 
from airplane combat to volcanic eruption at sea. 
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