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Abstract 

 
This report presents a real-time simulation of a music fountain which is simulated in 

three dimensions by a particle animation system. In this system, gravity and wind 

are factors that affect the locus movement of particles. Using kinematic equations, 

the dynamic behaviors of particles is modeled. A specific contribution of the work 

presented here is that parameters for the motion equation are estimated from sound 

playing in real-time which controls the dynamic behavior of animated fountain. An 

open source programming language called Processing is used to implement the 

environment. Results of the system are demonstrated in form of its graphical output 

and performance benchmarks from run-time evaluation. The author investigates the 

influence of the parameters of particle system and music attributes on the animation 

of the music fountain simulation. The size, number, color, texture and transparency 

of particles can influence the quality of music fountain simulation. Using FFT 

function to get music parameters is the best way to figure out differences between 

different music.    
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1 Introduction 

 

1.1 Background 

Computer graphics is a branch of computer science, which has nearly 50 years’ 

history. In recent years, there are more and more researchers drawing to use 

computer graphics technique to simulate natural scenes. Natural scene 

simulation can create a virtual environment with computer, such as sea, 

mountain, forest, city, street, park. It is widely applied in TV ads, video games, 

3D animation, city planning and design. Some natural scenes have dynamic and 

irregular geometric shapes, and they will be affected by external factors, such as 

cloud, rain, snow, stream, spray, smoke, fog, flame and aurora. Because of 

many uncertain factors, these dynamic phenomena are not easy to simulate by 

traditional methods. 

In order to simulate fuzzy natural phenomena, researchers have already 

done much works on different methods. Normally, there are two main methods, 

one is using the physics modeling; another one is using the particle system. 

From the physics modeling aspect, researchers usually use differential 

equation to construct physical model. Navier-Stokes equation is most 

commonly used to construct this. Nick and Dimitri used Navier-Stokes equation 

simulating the liquid, gas and water [1] [2] [3]. Wu Xian simulated dynamic 

water in real time by solving 2D Navier-Stokes [4]. Yan Jun using Navier-

Stokes equation simulated the smoke [5]. Using the Navier-Stoked equation you 

can simulate the realistic and vivid scene, but it takes much time to compute 

complex differential equation. The equation is nonlinear, which is normally 

difficult to get exact solution. Even though gotten exact solution, it will take lots 

of computation. 

Another method is using particle system to simulate irregular dynamic 

phenomena. Particle systems are an effective tool. Natural phenomena like rain, 

snow and fog can be seen as thousands of particles, through setting these 

particles’ motion to simulate irregular dynamic natural phenomena. 

 

1.2 Aim 

This paper is going to research the simulation of fuzzy natural phenomena. 

Through simulating music fountain to research natural scene simulation, that is 

based on controllable physical model. The fountain changes in exterior 

accompanied by in music’s rhythm. There are two main parts of this research: 

one is simulating the fountain; another one is to get the parameter from music to 

control the animation of the fountain. A fountain can be seen as a number of 

water drops, thus it is suitable to use the particle system. Using the music data 

to set height of water drops, fountain will change with music. The prospective 

result is a virtual fountain; the fountain should be as realistic as possible.  

What factors will affect the visual quality of the fountain? And how 

optimize these factors. The parameters of particle system how to affect the 

finally result, and the influence of music attributes on the animation of the 

music fountain simulation. These are the questions I want to research in this 

paper. 
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2 Related work   

 

2.1 Introduction of the particle system 

Reeves is among the first person who put forward the concept of particle system 

in 1983 [6]. A particle system has been used to describe the dynamic, complex 

and irregular objects. Particles group with certain quantity represents objects 

which move in irregular way, and simulate their movement characteristics by 

means of controlling motion of particles. This technology is widely used to 

simulate natural phenomena, such as rain, snow, cloud, flame, fog etc. Many 

researchers got the simulation algorithm which based on different physical 

model for different natural phenomena before particle system has been put 

forward. But one algorithm is designed to simulate one specified natural 

phenomenon in generally. There was no uniform way to simulate natural 

phenomena such as cloud, smoke, fog etc. Particle system solved it 

successfully. The basic idea of particle system is simulating the natural 

phenomenon that using plenty of simply shape particles as basic units, and 

controlling them in a specified way depending on simulated phenomenon. In a 

particle system, natural phenomenon is constructed by numerous particles 

which have a life cycle. Each particle in the system is distributed irregular and 

random, and has its own movement locus. And the particle system is dynamical, 

particles will be born, moved and died in a lifetime, they are changed. So 

particle system method can be accomplished dynamical random, irregular and 

blurred scene sufficiently. It is fine to simulate fire, cloud, water, snow etc. 

In a particle system, the movement of every particle is depended on what 

phenomena are simulated by particle system. The properties of particles decide 

movement of particles; include initial position, shape, initial size, initial 

velocity, initial direction, initial color, initial transparency and lifetime. Particle 

system is dynamic, it is changed with time. New particles are uninterruptedly 

added in system with time; at the same moment, old particles disappear at the 

end of their lifetime. The position of particles changed with time. And the 

lifetime of particles, which disappears (lifetime is end) or appears (lifetime is 

start) also changes with time. Particles finished their lifetime in virtual world 

through process of generation, activity and disappearance. 

Normally, “to compute each frame in a motion sequence, the following 

sequence of steps is performed: 

(1) New particles are generated into the system; 

(2) Each new particle is assigned to its individual attribute; 

(3) Any particles that have existed with the system over their prescribed 

lifetime are extinguished; 

(4) The remaining particles are moved and transformed according to their 

dynamic attributes; 

(5) An image of the living particles is rendered in a frame buffer.”[6] 

Particle system is procedural, this approach can integrate any 

computational model that describes the appearance or dynamics of the object. 

For example, the movement of particles can be solved based on partial 

differential equations, or using the statistical mechanics on particle attributes. 

Therefore, the particle system can be used by the advanced models which have 

been developed in other scientific or engineering discipline. [6]  
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2.2 Application and development of particle system 

Since particle system has been put forward, particle system simulates plenty of 

natural scenes in computer graphic modeling technology. For example, Goss 

simulated real time ship wakes by using particle system [7]. Under the 

conditions at that time, Goss ignored many factors that can affect the ship 

traveling to reduce the amount of calculation to achieve real time effect, and 

used high speed graphics workstation system to calculate graphics, to achieve 

ship stable motion in water with a refresh rate of 10 frames per second. O’Brien 

and Hodgin used particle system modeled the dynamic behavior of splashing 

fluids. The model simulates the behavior of fluid when objects impact or float 

on its surface [8]. Yngve, O’Brien and Hodgin used particle system to simulate 

explosions [9]. 

Particle system became more mature and perfect during twenty years 

development. Tonnesen classified particle systems into three classes according 

to the interactions between particles: systems of independent particles; systems 

with fixed connection, and dynamically coupled particle interactions [10]. 

Systems of independent particles are used to simulate complex natural 

phenomena, such as fire, smoke and the spray of splashing water. In these 

systems, each particle is independent. Each particle’s motion cannot influence 

other particles; they are independent from each other. These systems use a large 

quantity of particles affected by gravity, obstacles, wind field and turbulence to 

create complex motion. The rule of creating and removing particles in the 

system is based on what natural phenomenon is simulated. These methods are 

mostly used to create a special visual effect, and ignore the object volume and 

the corresponding surface [10]. 

In the system with fixed connection, particles interact with neighboring 

particles where the set of interactions is constant after the initial specification. 

The physically based deformable models [11, 12, 13] can be categorized as 

particle systems with fixed particle interactions. “Typically these models can be 

thought of as discretization of a volume or surface, which attempts to make a 

realistic model of the deformation of a given physical material. Through the use 

of plastic, elastic, and viscous coupling units between particles, these dynamic 

models can exhibit plasticity, elasticity, bending, and fracture. Shapes modeled 

with fixed couplings can be deformed, but ultimately are limited to the structure 

imposed by the given couplings.”[10] 

In the dynamically coupled particle systems, the interactions between 

particles are changed over time. That is, coupling between particles are 

automatically removed and new couplings are automatically created. Using 

dynamically coupled particle interactions replacing the fixed set of interactions 

creates a more flexible modeling paradigm. This modeling paradigm can exhibit 

physical properties like the fixed connection, but with the advantage that 

geometric and topological changes can occur as the underlying structure of the 

system changes. Using these advantages, dynamically coupled particle systems 

can allow to gross changes in geometry. The most commonly known 

application of dynamically coupled particle systems is in flocking algorithms 

[14]. This algorithm is wildly used in film industry to simulate flocks of birds, 

herds of animals, and crowds of people [10]. 

 

2.3 Visualization of music 

Currently, there are many works about music visualization. The basic music 

visualization is music notation. But music notation can only be read by people 

who understand the music theory. Otherwise some researchers also have been 
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tried to use computer graphics to express music in a visual way. They used 

mutative objects and different colors to present the pitch, volume, timbre, 

instruments and other musical information.  

In Sean and Glen’s [15] work, they used the MIDI data files. MIDI data, 

just like the music notation, which store the musical notation, pitch, velocity, 

but it is not contain any sound wave information. This program used a sequence 

of spheres of various shapes and sizes to express different kinds of instruments. 

A piece of music is performed by many instruments. So when visualizing a 

piece of music, there are several or many sequences of spheres. This program 

reflects the different instruments’ volume and pitch in different time in a piece 

of music.  

In Michael and Shane’s [16] work to enhance the music experience 

through visual simulation. They developed a system which can drive real-time 

behaviors of virtual objects through multi-channel audio, resulting in a real-time 

virtual environment system that reacts to music. The advantage of this project is 

changing the input data. The input data maybe is the 8-channel soundcard and 

also it is the existing audio player software, such as Winamp and Windows 

Media Player. This system presents the amplitude and pitch of audio; however, 

it is just used in entertainment. 

In other [17] work, the authors also used the MIDI data files as the input 

data. It is similar to Sean’s work. The researchers present different instruments 

by use different graphics. Figure 1 and Figure 2 is the result of the program.  

This is a Flash animation which is based on received musical data. From which 

we can see that the program read and process MIDI musical information, then 

sends information to Flash application, finally generate Flash animation.   

 

 

 

  

Figure 1 The different graph present different instruments (by 

S. C. Nanayakkara, E. Taylor, L. Wyse and S. Ong) 

Figure 2 The result of the program(by S. C. Nanayakkara, E. 

Taylor, L. Wyse and S. Ong) 
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3 Theory 

 

3.1 Particle system 

Every particle in particle system will undergo the process of generation, 

activities and disappearance. In this paper, particles in particle system are 

independent from each other. The following part is a description of the particle 

system for the fountain. 

 

3.1.1 Properties of particles 

Each particle of particle system has special properties, including motion’s 

properties and structure’s properties. These properties decide motion, shape in 

the virtual space of particles. In this paper, properties of particles include 

position, velocity in different directions, acceleration in different direction, 

lifetime, shape, fading speed, color and transparency. 

 

3.1.2 Generation of particles 

Particles are generated into a particle system by mean of a controlled stochastic 

process [6]. Before generating particles, we need to define the number of 

particles to be generated. The number of particles generated is very important, 

because it will directly influence finally results of the quality of the natural 

scene simulated. And the number of the particles generated will also affect the 

amount of calculation. In each interval of time or each frame, we will have a 

process to determine the number of particles entering the system. 

The number of particles generated in the system is controlled by the 

designer assigning a basic number and a variance. The actual number of 

particles generated at a frame is 

ParticleNum = BasedNum + random()*VarNum   (1) 

Where BasedNum is basic number, VarNum is variance, and random() is a 

random function that return values is uniformly distributed in [-1.0,1.0]. [6] 

After setting the number of particles, the program must assign the some 

basic properties of particles; include the initial position, initial velocity, and 

lifetime. During this work, author use height of fountain to calculate lifetime 

and initial velocity in Y axis.  

In the fountain particle system, the author assumes each particle in vertical 

direction (y axis) only affected by gravity. The particle from spurted out of the 

tube, then go to the highest point, and finally drop on the ground, author sets 

this procedure is a lifetime of a particle. The time of each particle from ground 

to highest point equals form highest point drop to ground. Assume the time of a 

particle finished a lifetime is T, that is, time of particle from highest point to 

ground is T/2, H is the height from highest point to ground, g is the acceleration 

of gravity. Dependent on the equation for free falling bodies: 

h = 
 

 
              (2) 

The t is the time of the free falling bodies, h is the height of free falling bodies. 

That can get follow equation: 

  
 

 
  

 

 
    (3) 

It can change to: 

   
  

 
  (4) 
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That is the lifetime of the particle. 

The initial position is the      (         ), initial velocity is 

     (            ). Assume particle only affected by gravity. Thus 

     ,         are random number in specified interval,        . 

Because of particles only affected by gravity in Y axis, the initial velocity 

of particle in Y axis equal the velocity of particle return the ground. According 

to other equation for free falling bodies: 

          (5) 

v is the velocity the object fall on the ground. So I can get the follow equation: 

   
        (6) 

That is, 

             (7) 

 

3.1.1 Motion of particles 

When the particles have the initial velocity, they are followed the kinematic rule 

in three dimension space. There are two kinematic equations: 

        
 

 
      (8) 

            (9) 

There    is displacement, a is acceleration,    is time,    is current velocity,    

is initial velocity.  

So we can get position of particles  P( X,  Y,  Z) in space at time t 

dependent on equation 6: 

        
 

 
    

 
         (10) 

        
 

 
   

 
  (11) 

        
 

 
       (12) 

There    and    are the acceleration in X and Z axis. g is the gravity. 

              are the velocity in X, Y and Z axis.  

From the equation 9, we can get    is: 

                                (13) 

There     is the initial velocity in Y axis.  

 

3.1.2 Disappearance of particles 

With new particles entering in system; old particles will be removed out of 

system. The condition of removing the particle is: 

 The lifetime of particle is reduced with time, when lifetime is 0, the particle 

will be removed. 

 When the particle is dropping on ground, the particle will be removed. 

 When particle is moving out of the range that will not display on the 

screen, the particle will be removed. 

 

3.1.3 Influence of wind 

In order to simulate the realistic natural scene, system must process every factor 

that can affect this natural scene. In fountain scene, fountain will not only 

affected by gravity, it also will be affected by wind in real world. Wind is an 

important factor that can affect fountain. Wind is difficult to simulate, because it 

has complex behavior, and has eddy even in small wind. In fact, it is very 

difficult to exactly simulate the wind. And it is not necessary to exactly simulate 
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wind in many practical applications. For different natural scene, the influence of 

wind is different. Thus analyzing the influence of wind will depend on what 

problems needs to be solved. For example, for simulate snowing scene, wind 

will have marked influence. Snowflake is small and soft, any exiguous change 

of wind will change the movement locus of snowflake. Thus we should consider 

the different kinds of wind, such as gust, breeze, sustained wind and eddy. In 

constructing wind model, many researchers had made it depended on different 

application. Yao Tan and others [18] established a wind field model to simulate 

real time snowing scene. Wejchert and Haumann [19] constructed a wind model 

based on aerodynamics. 

 In this paper, objective is simulating fountain, so it is suited to use a simple 

wind model. The author only think about one situation that sustained wind 

affects the fountain and ignored other complex situations. Sustained wind is a 

wind whose velocity and direction will never change in whole lifetime of 

particles. Wind will only affect particles’ motion on the horizontal. That is to 

say, wind model will only change the velocity of particles on the X and Z axis, 

velocity of particles on the Y axis is not changed. Adding the influence of wind, 

velocity of particles on X and Z axis at t time is: 

                      (14) 

                      (15) 

There    and    is velocity of X and Z at t time,             are the initial 

velocity in X and Z axis. WindVel is velocity of wind,   is direction of wind. 

 

3.2 Digital music file 

In music fountain model, the fountain is changed with music. That is the height 

of the water column is control by music. In order to use music to control the 

fountain, it is necessary to understand the music files format. 

In computer, people usually using the digital audio to record music. The 

digital audio is encoding an audio signal in digital form instead of analog form. 

The Pulse-code modulation is the most common method to record digital audio. 

A PCM stream is a digital representation of an analog signal. That is sampled 

regular at uniform intervals from analog signal, and then quantizes each sample 

to the nearest value within a range of digital steps. There are three important 

parameters for digital audio: the sampling rate, the bit depth and number of 

audio channels. 

The sampling rate, which also called sampling frequency, is the number of 

times per second that samples are taken. The higher sampling rate, case the 

quality of music is better, the voice is clearer, at same time cost more storage 

space. Due to the limit of the ear, too high sampling rate to people resolve it. 

Normally, there are 22.05 KHz and 44.1 KHz two level. And the voice with 

22.05 KHz sampling rate is equivalent the quality of the FM radio, the voice 

with 44.1 KHz sampling rate is equivalent the quality of CD audio. 

The bit depth is the number of digital values that each sample can take. Bit 

depth directly determines the each sample’s resolution in a set of digital audio 

data, for bit depth of the quality of CD audio is recorded at 16 bits. 

The number of the audio is the number of sampling channel. The 

monophony and stereophony are most common situation. The stereophony can 

bring the better effect of voice. 
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4 Rendering and realization fountain simulation 

 

4.1 Processing Programming Language 

This paper uses Processing programming language. Processing is an open 

source programming language and an integrated development environment. Ben 

Fry and Casey Reas founded it in 2001, who both are John Maeda’s students at 

the MIT Media Lab. This language builds on the Java language, but uses a 

simplified syntax and graphics programming model. The Porcessing software 

can run on the Mac, Windows, and GNU/Linux platforms. Processing is used to 

create images, animations and interactions. At the beginning, Processing is 

developed to teach basic computer programming within a visual context, and it 

has already become a tool to finish a professional work. Processing is more 

easy and convenient to apply and install compared with other programming 

language. Processing integrates OpenGL and JavaSound API to help my project. 

 

4.2 Rendering the fountain  

In this work, the particle system is used to simulate the fountain. A larger 

number of the particles with a certain lifetime and property present water drops 

of the fountain. Each particle will undergo generation, activities and 

disappearance three procedures in a lifetime. In generation procedure the 

particles enter the system, in disappearance procedure the particles remove from 

the system. 

OpengGL is a most widely used computer graphics API. It is used for 

rendering 2D and 3D computer graphics. Processing also supports the OpenGL, 

so I used OpengGL to construct fountain’s particle system.  

 

4.2.1 Generation  

In procedure of generation, the particles enter the system. Before 

generating new particle need to set the number of particles enters the system. I 

used an ArrayList to store the particles. The size of the ArrayList is the number 

of the particles in the system. The system set the number of particles enter the 

system each frame. 

When a particle generated, it will be assigned all the properties of the 

particles. These properties include the specified initial position the particles 

enter the system with the initial velocity and acceleration. 

 

//the code of Processing 

active=true; 

life=2*sqrt((2*(height+random(-5,5)))/gravity);   

fade=(random(80.0,100.0))/1000.0+0.05;   // Random Fade Speed 

//initial position of particles 

x= random(-2.0,2.0);   

y= 0.0;     

z= random(-2.0,2.0); 

//initial acceleration of particle 

xg = random(-1.0,1.0);  

yg = gravity;          

zg = random(-1.0,1.0);   
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//initial speed of paricles 

xi = random(-2.0,2.0);  // initial speed of X axis 

yi = sqrt(2*gravity*(height+random(-10,10))); // initial speed of Y axis 

zi = random(-2.0,2.0); // initial speed of Z axis 

 
The active is a Boolean operation. When the particles enter the system the state 

is true; when the particles remove from the particles the state is false. The life is 

the lifetime of the particles. This is dependent on the height. The height is the 

highest point of the particles in the system. The random(a,b) is a function in the 

Processing, the return value is the random number in the range [a,b]. The 

gravity is a float variable is 9.8, that means gravity acceleration is 9.8 m / s
2
. 

The sqrt(a) is a function from Processing, return value is the square root of 

number a. The initial position is the (x,y,z), the initial acceleration is the 

(xg,yg,zg) and the initial speed is (xi,yi,zi). The yi is also dependent on the 

height. 

4.2.2 Activities  

During the procedure of actives, system determines the motion of particles. In 

this procedure, the particles will be rendered in system. Set the position of the 

particles as the center draw rectangles represent the water drops. In order to get 

the better visual effect, the rectangles are rotated with the change of the camera 

position. That can keep the rectangles always face the screen.  

After drawing the rectangles, the color, transparency and texture, which 

are added on the rectangles. During this work, system defined 12 colors in a list. 

It can call specified color directly when rendering the particles. The 

transparency is dependent on the lifetime. When particles are generated, the 

particles are opaque. When finished the lifetime, particles are transparent.  The 

texture is simply a graphic.  

The motion of the particles is based on the change of position. I used the 

kinematic equation (10, 11, 12) to change the position of the particles. The 

position of the particles code as follow: 

//the code of Processing 

x += xi*fade+0.5*xg*fade*fade;    //position on X axis 

y += yi*fade-0.5*yg*fade*fade;     //position on Y axis 

z += zi*fade+0.5*zg*fade*fade;     //position on Z axis 

yi += -yg*fade;                                //speed on Y axis 

life -= fade;                                      // Reduce Particles Life By 'Fade' 

The fade is the   . The position is the distance in    time. The equation of yi is 

from the equation 13. There is a result of rendering fountain in Figure 3. 

From figure 3, we can see particles are jumbled after spurted from tube. 

Particles scatter to all directions, irregularly distributed in all around. Because 

Figure 3, fountain constructed by particle system 

http://en.wikipedia.org/wiki/Meter_per_second_squared
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of particles are only affected by gravity. We need to add the wind’s effect on 

particles. In this work, only one situation that influence of sustained wind.  The 

wind changes the velocity of particles.  The following code is the position of the 

particles with wind influence.  

 

//the code of Processing 

x += xi*fade+0.5*xg*fade*fade;         //position on X axis 

y += yi*fade-0.5*yg*fade*fade;          //position on Y axis 

z += zi*fade+0.5*zg*fade*fade;          //position on Z axis 

xi = cos(alph)*leng;                              // velocity on X axis 

yi += -yg*fade;                                     // velocity on Y axis 

zi = sin(alph)*leng;                               // velocity on Z axis 

 

The xi and yi equation is from equation 14 and 15. The alph and leng is 

parameter of the velocity of particles. The alph is determining the direction of 

the velocity, it is the angle of changed the direction of velocity. The leng is 

changing rate of velocity. 

Figure 4 is adding the influence of wind. Particles are moved in a specific 

movement locus with some little presetting error. The height, direction and 

distance of water column are adjusted by keyboard. 

 

4.2.3 Disappearance  

During the procedure of disappearance, the particles removed from the particles 

system. This procedure is also called death of particles. If the particle is ‘dead’, 

the particle must be in some specific situation. In my program, when the 

lifetime is finished (T= 0.0) or particles drop on the ground (Y<0.0) or the 

transparency is complete transparent (transparency = 0), the particle will 

removed. The particle is removed from system, the state of the active is changed 

to false. 

 

4.3 Processing of music file 

Processing has a Minim library to process music files. Minim is an audio 

library that people can easily use for development in the Processing 

environment. This library is based on JavaSoundAPI, a bit of Tritonus, and 

Javazoom’s MP3SPI.  

This work is a real-time visualization of music. So firstly, system must be 

able to play and pause music. I used the loadFile() function to load music files, 

Figure 4, the fountain with the wind 
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and this function supports WAV, AIFF, AU, SND and MP3 format files, and 

use play() and pause() functions  for playing and pausing music.  

Then the system needs to translate the music file to float variable that can 

control the fountain. There are several methods to solve it.  The level() function 

is one  function get a buffer of floating point samples corresponding to a single 

of  streaming audio in a frame, and calculated as the root-mean-squared of all 

the samples in the buffer. The level() function is return the RMS amplitude of 

the buffer in every frame. The range of level() function’s return value is 

[0.0,1.0]. There is a simply visualization of music in Figure 5. In Figure 5, left 

column is the RMS amplitude of left channel for music; right column is the 

RMS amplitude of right channel for music. The get(i) function is also takes the 

float variable from the music files. Function get(i) gets the     sample in the 

buffer. The range of return value is [-1.0, 1.0]. And can use the FFT (Fast 

Fourier Transform) function to analysis the spectrum of an audio buffer. It also 

can translate to float variable to control the fountain. The result of the FFT is the 

spectrum of the input music. So there are many return values of the FFT. The 

number of these values is size of spectrum.  

 

4.4 Integrating music to fountain 

The objective of this paper is simulating a real-time music fountain. So the 

program must integrate music to fountain. When playing music, the fountain 

also changes with music. In other world, music can control the fountain. To 

implement it, program use the musical volume of the different channel to 

different the attributes of the fountain, such as height, direction and size of the 

water column. 

 

 

 

 

 

 

 

 

Table 1 The parameter of music and fountain 

Table 1 shows the parameters of music and particle system. In the last part, the 

author described the music parameter. level() function is RMS amplitude of 

music. get(i) is the     sample in the buffer. FFT is the Fast Fourier Transform. 

In the particle system model, there are height, alph, leng, size, color and particle 

amount to control the fountain. The height is the height of the water column, 

height must larger than 0. The alph is angle between the direction of the 

particles on the z axis and z axis, rang is [0, 2*PI]. The leng is the distance from 

the initial point of particle system to destination point, the value is must larger 

than 0. size is the size of particles. color is the color of particles. The system 

defined 12 colors in a list. Every color has an integral address in the list. We can 

use the integral address to directly call the colors. particle amount is the number 

of the particles enter the system each frame. We can relate to these parameters 

in many combinations. It is flexible. In next chapter, there are more descriptions 

of how to integrate these parameters in this work.  

  

music parameter fountain parameter 

level() Color 

get(i) Height 

FFT particle amount 

 Alph 

Leng 

Size 
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5 Experiments and Result 

5.1 Simulation platform 

Software environment 

Music fountain simulation system described in this thesis is implemented by the 

Processing software. Processing is an open source programming language and 

an integrated development environment. 

 

The hardware environment for this system is list as follow:  

CPU: Inter Core i3, M 330, 2.13GHz  

ARM: 4.00GB 

Graphics: NVIDIA NVS 3100M 

 

5.2 Performance of Simulation System 

The real-time music fountain is a dynamic phenomenon, there are two aspects 

to judge the reality of the simulation: one is the smooth of animation of fountain; 

another one is the exterior of the particles. In this work, I used the latency to 

judge the smooth of animation of fountain. High latency will case the slowly of 

the animation of fountain. The exterior of the particles looks like the water 

drops, the simulation will be more realistic. 

 

5.3 Music fountain simulation experiment 

Here, we use the music fountain simulation system to simulate a piece of song 

“Don’t Cry”. Figure 5 shows the result of music fountain simulation. In this 

figure, there are eight water columns in the system.  

This scene is constructed of eight water columns, which are four water columns 

(A) and four water columns (B). The four water columns (A) in the center has 

Figure 5, result of music fountain scene 
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changed with music in real time, the author controlled the height of the water 

columns by using  return value of level() function. The range of level() function  

is  [0.0, 1.0]. Using the map() function convert the range to [100, 250], and 

control the height of fountains (A). Using the return value of the FFT function 

controls the color of particles of fountain. The FFT function returns many 

values. In this work, system only gets one of the return values of FFT function 

to control the fountains. The system defined 12 colors in a list and using FFT 

value that translate to integral to call these colors. The height of water columns 

(B) changed with the return value of the get(i) function. The color changed once 

per 3 seconds in 12 colors. And the number of the particles enters the system 

each frame for all fountains, author used return value of get(i) function to 

control it.  

From this experiment, the real-time FPS is 12, although the animation is 

little slowly, the quality is good, so we can come to the conclusion that the 

music fountain simulation system is workable.  

5.4 Experiment on parameters in music fountain simulation 
system 

As stated in part 4.4, there are many parameters in particle system, like the 

height of fountain, color and size of particles…All these parameters/factors 

would like to have influence on the performance  of music fountain simulation 

system. In this section, the author tried a series of experiments to understand 

which factors and can affect and how they affect the visual of the music 

fountain.   

5.4.1 Parameter influence on exterior of fountain 

Experiments are designed to simulate a more realistic exterior of fountain, and 

we mainly investigate the influence of the color, transparency, texture, size of 

the exterior of particles, and the number of particles per frame generated on the 

exterior of fountain. In figure 3 and 4, the left graphs are the particles with color, 

transparency and texture, the right graphs are the particles without color, 

transparency and texture. Comparing left and right graphs, it is obvious that left 

graphs are more realistic. 

In the figure 6, the author changed size of particles. The shape of the particles is 

square, which shows the side length from left to right is 0.5, 1.0, 2.0, 3.0, 4.0, 

5.0, 6.0, 7.0, 8.0, 9.0 and 10.0. The other parameters of the particle system are 

the same, fountains have same height, and same color, transparency, and texture 

of particles. From the figure 6, we can see the size of particles is too big or too 

small to get the good visual effect. 

Figure 7 the number of per frame generated particles from left to right is increasing. 

Figure 6 the size of left particles is smaller than the size of right particles. 
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In the figure 7, the number of per frame generated particles from left to right is 

1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. Only the number of the particles in the system is 

increasing from left to right image as it has shown in the figure 7, the other 

parameters of the particle system is same. It is difficult to figure out the 

different of fountains, when the number of per frame is bigger than 4. But 

comparing the left graphs, we can see the increasing the number of per frame 

can get better visual effect.  

To sum up, the factors that can affect the visual effect of the particles are 

the color, transparency, texture, size and number of particles. 

5.4.2 Parameter influence on smooth of the animation 

For the smooth of the animation of the fountain, the author used the control 

variable methods to explore the factors that affect animation of the fountain. In 

this work, the latency is smaller that animation is smoother. The author used 

FPS to measure the latency. FPS is the abbreviation of frame rate, which is 

frames per second. The default FPS is 60 in program. The difference value 

between real-time FPS and default FPS is latency, the difference value is larger 

and latency will higher, opposite is the same. That is real-time FPS is smaller, 

the value of delay is larger. The latency is larger, the animation of the fountain 

will slower. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 is a line chart of frame rate. The horizontal axis is the number of per 

frame generated particles; the left vertical axis is the real-time FPS, the a, b, c, d, 

e and f are the real-time FPS for different properties particles in different 

number of per frame generated particles, these particle systems have same side 

length of particles, same height of the fountain and different properties of 

particles; the right vertical axis is the number of particles in the system with 

different number of per frame generated particles, the a1, b1, c1, d1, e1 and f1 

are the number of particles in the system for a, b, c, d, e and f situation. In figure 

Figure 8 transparency color texture number of particles in system 
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8, all the particle systems have same size of the particles, and have same height 

of the water column. As it has shown in the diagram, the number of per frame 

generated particles from 1 to 10, the real-time FPS is decreasing, which the 

particle system has higher latency. At the same time, the number of particles in 

the system is also increasing. Comparing a, b, c, d, e and f, whether the particles 

have color or transparency, there is not a great deal of difference between the 

real-time FPS. But when the particles had no texture, the number of per frame 

generated particles from 1 to 10, the value of real-time FPS is 60 all the time. 

Namely, the color, transparency cannot affect the real-time FPS, but 

texture and number of particles can affect the real-time FPS. 

In figure 9, the author only changes the size of the particles, the number of per 

frame generated particles is 3, the height of water column is 100. The vertical 

axis is the real-time FPS, the horizontal axis is the different side length of the 

particles. As can be seen from the diagram, the value of real-time FPS is 

remained for different size of particles. The figure 9 leads us to conclude that 

the size of particles cannot influence the real-time FPS.  

In figure 10, author only changes the height of the water column; the number of 

per frame generated particles is 3; the side length of the particles is 3.0. The left 
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Figure 9 the FPS of the different size of the particles. 
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vertical axis is the real-time FPS, the right vertical is the number of the particles 

in the system, and the horizontal axis is the height of the fountain. Increasing 

the height of the water column, the number of particles is increasing, and the 

value of the real-time FPS is decreasing. So we can know the height of fountain 

can change the number of particles and affect the latency of the animation of 

fountain.  

 

 

Figure 11 FPS of different music parameters  

In figure 11, author changes the different functions to get the music parameters to 

control the height of fountain. The vertical axis is the real-time FPS, the horizontal 

axis is the number of per frame generated particles. As can be seen from figure, The 

FPS of different music parameters in same situation is similar. In this figure, the level() 

and get(i) functions return value only have one value. So author only get one return 

value from FFT function. These parameters by different methods from music are used 

to control the height of fountain. Form the figure we can see the different music 

parameters will not affect the smooth of animation of fountain.  

In conclusion, factors that can affect the animation of fountain are the number of 

the particles in the system and the particles whether have texture.  
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5.5 Experiment on influence of music attribute in music 
fountain simulation system 

 

 

Figure 12 influence of visual effect for music parameters  

In music fountain, we want to figure out the different music by visual effect. So this 

experiment, the author tried to investigate which music parameters can get the best 

visual effect for different music. The vertical axis is the standardized return value of 

the music parameters; the horizontal axis is time from beginning to end of music. The 

author used two songs; one is rock music, named Don’t Cry; another one is soft music, 

named Neyanbhbin. From the graph, it is hardly to figure two songs different. So the 

author calculated the standard deviation of difference value between two songs 

standardized return value of music. Compare these SD(standard deviation) value, the 

biggest is the best music parameter to figure out different music. The standard 

deviation of get(i) function        0.141964,level() function         0.090448, and 
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FFT function       0.286945. The                    , so the FFT function is 

best one to control the fountain. We using the FFT function get the parameter form 

music to control the fountain is easier to figure out difference between different music.  
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6 Discussion 

This paper simulates a real-time music fountain based on particle system. I am 

using the particle system to construct the fountain, and attributes of particles is 

controlled by different music parameters, thus achieve the real time simulation 

of music fountain. A kinematic equation was used to simulate the motion of 

particles, which are only affected by gravity. The water drops is not only 

affected by gravity but also affected by wind. So I added the wind model in the 

system. It is difficult to simulate wind field, there are many tries. Finally, I 

found sine and cosine function, which can get a suitable wind field model. And 

the color, transparency and texture are added in particles, which makes the 

fountain more realistic. Using the Minim library takes the parameters from 

music to control the attributes of particles. Achieve the fountain changed with 

music. 

Certainly, there are many weak points in this work. Particle system is 

simple. This is an independent particle system. And different particles have no 

relation. Actually, water drops of fountain are interacting with each other in real 

world. The motion of one particle will be affected by the other particles. The 

simulation of the water drops, I only used square particles simulate it, so the 

result is not very realistic. And I am only simulating a simple fountain, not a 

complete fountain scene. A fountain scene should contain environment 

surrounding, such as pool and background. 

There is much work to do in the future. We can use some theory of 

hydromechanics to construct particle system, which will have influence on 

different particles. Finding a new method to simulate the water drops, makes it 

more realistic. In this work, the music file is a wave file. The wave file only 

stores the information about the sound wave. If a MIDI file was used instead, 

that can get the instrument information in music, then we can use instrument 

attributes to control the fountain. 
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7 Conclusion 

In this work, I created a real-time music fountain scene, which uses a particle 

system. The fountain changed with music. Particle system successfully 

simulates the fountain. Different music parameters can control the different 

properties of the fountain. I investigated factors that can affect the result of the 

animation of music fountain. On exterior of a fountain, the size, number, color, 

texture and transparency of particles have direct influence. On smooth of the 

animation of fountain, texture and number of particles have a direct influence. 

And the height of fountain through changing the number of particles affects the 

smooth of the fountain. Using the FFT function to get the parameter from music 

is the most easy way to figure out differences between different music. So the 

optimal music fountain is using FFT function to get music parameters to control 

the height of fountain, the particles with color, texture, transparency and 

suitable size, and keeping suitable amount of particles in the system.   

This work still is not perfect. As written in the Discussion, there is still 

much work to do. The best music fountain is as realistic as possible and 

visualizes more music information.  
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