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       Abstract:  

Gamma ray bursts are flashes of gamma rays, associated with high energy explosions at 
cosmological distances.  The main sources of gamma ray bursts are imploding stars.  These 
bursts are mostly observed as thin beams ejecting out of these imploding stars. These beams 
ejecting out of the stars results in forming extremely hot electrons, ions and strong 
electromagnetic fields. This report presents the thesis work on visualizing the raw electron, 
proton and electromagnetic data. Pre-computed data of same electrons and protons are also 
visualized. The whole simulation data visualized is very large. The raw electron, proton and 
electromagnetic data are taken as 56 time steps each. The pre-computed electron and 
proton data taken for visualization are 269 and 282 time steps respectively.   The raw data is 
of 4D that is the data consists of position and 3 momenta. This data have been visualized by 
dividing the data into 3D subsets. Using the raw data densities are calculated. These 
densities are visualized by volume rendering technique. The Pre-computed data consists of 
densities, which are directly using volume rendering technique.  VtK is used for volume 
rendering the data. The work is done on scaling  the data for volume rendering. Different 
components are developed in Vtk for better visualization and analyzation of the data. The 
magnetic field data is of 3D and electric field is of 2D. These data are visualized as points in 
3D space and connected these points’ throug lines. The magnetic and electric field data are 
visualized in same space. A smooth simulation movie is made from the pre-computed data 
using windows-movie maker. 
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1          Introduction 
This section gives the problem description of the work done , the objective of the work and 
the outline of the topics discussed in this paper.      

In this project I have examined visualization methods, with which we can study processes 
that take place at Gamma Ray bursts, the explosions of stars at cosmological distances. The 
temperature of stars and of the medium that composes the explosion blast shell of the 
gamma ray burst is too high to allow the material to exist in form of charge-neutral atoms. 
Instead, the electrons are separated from the positively charged remainder of the atom 
(ion). The resulting gas is an overall charge-neutral material, but positive and negative 
charges can move independently. The presence of the free charges implies that this ionized 
gas can react more easily to electric and magnetic fields than, for example, the charge-
neutral atoms that form the atmosphere of the Earth. We call such medium plasma. The 
interaction of the plasma with the electromagnetic fields is complex and multifaceted and 
can, in general, only be examined numerically. 

1.1       Problem Description 
The data that is visualized in this diploma work is of two types, plasma data and 
electromagnetic field data. The same plasma data is visualized in two types, the first one is 
raw data consisting of one spatial and three momentum dimensions (4D) data.   The other 
plasma data is pre-computed densities. For the pre-computed data the grid dimensions 
increases as the time slices increases. The other type of data is magnetic and electric filed 
data.  The goal of this thesis work is sub divided into three categories.  
 
The first goal is to subdivide the 4D raw plasma data into 3D subsets and normalize the data 
to desired dimension for the volume visualization. The second is to visualize the pre-
computed data to a constant volume dimension. The third is to visual the magnetic and 
electric field data.    
 

1.2       Objective 
The main objective of this thesis work is done in context of visualizing three types of data. 
Plasma data of two kinds that is raw plasma data and pre-computed plasma data. The other 
data are electromagnetic field data. The raw plasma data is of 4D that is it consists of 
position and three 3 velocities dimensions, the aim is to visualize this data as 3D subsets by 
taking position on x-axis and varying other three momenta components on y and z axis. The 
structures of plasma are visualized using volume rendering technique. The second type of 
plasma data consists of pre-computed density values. This should be visualizing directly into 
the volume. But the pre-computed data sets dimensions increases as time slices increases. 
The aim is to visualize theses time slices in a fixed volume.  The other type of data is 
electromagnetic field data. The magnetic data is a function of position and amplitude of two 
vectors and the electric data is function of position and single amplitude vector. This data is 
visualized as points connected with lines showing the flow of magnetic and electric data. Vtk 
is used for volume rendering the data. Different components in Vtk are developed to 
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visualized and analyze our data. A smooth simulation movie is made by merging all the time 
slices of plasma data and field data using windows movie maker. 

1.3       Outline and Reader Prerequisites 
This report gives visualizing plasma data. Various methods used in adapting the data for 
volume visualizing and giving information about data. Magnetic and electric field data are 
also visualized. I briefly discuss in section 2 the background that is gamma-ray bursts and the 
relevant processes in the plasma jet they eject. Section 2.1 introduces the equations 
governing the plasma, which we solve here. Section 2.3 discusses the particle-in-cell (PIC) 
numerical method, with which we can simulate the plasma. The data provided by the PIC 
simulation are high-dimensional. Here we will analyze 4D data, which we subdivide into 3D 
subsets that can be visualized with volume rendering techniques. Section 3 discusses in more 
detail the data. Section 3.1 and 3.2 discuss about raw data and pre-computed data 
respectively. A brief introduction of visualization of raw data is discussed in section 3.3. 
Normalization of raw data and pre-computed data file compression is given section 3.4 and 
its sub sections. While the visualization method and techniques are presented in section 4.  
From Section 4.2 presents the hierarchy of the application built using Vtk for the visualizing 
and analyzing of data. Section 4.3 and 4.4 discusses various methods present in Vtk for 
volume rendering. Section 4.5 to 4.8 presents various techniques used on the plasma data 
and electromagnetic data, to adapt the data for visualization. Various components are 
developed in Vtk for visualization and analyzation of the data. The Vtk classes and 
techniques used are discusses in section 4.9 and its sub sections.  Section 5 discusses about 
the movie I made out of data simulation. Section 6 summarizes our results and gives an 
outlook to future work.  Section 7 gives the conclusions for our work. The future work is 
discussed in section 8.  

To understand the concept and the work presented in this report, readers should have 
background knowledge about computer graphics and be familiar with concept of volume 
rendering and scientific visualization.  Knowledge about plasma physics will be helpful. 

2          Background 
Gamma ray bursts (GRB’s) are flashes of gamma rays, associated with high energy 
explosions. These explosions occur in distant galaxies. GRB’s are the most luminous 
electromagnetic events occurring in the universe. These bursts can last milliseconds to an 
hour. Most observed GRB’s are narrow beam of intense radiation 1 coming out of compact 
objects (high mass star collapsing). The figure 2.1 depicts one of the star ejecting gamma 
rays. 

 
 

1. A stream of extremely hot electrons, ions and strong electromagnetic ways coming out of 
stars. 
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Figure-2. 1 

A high radiation beam ejects out of the star. This is due to their high Lorentz factor2 100 < Г < 
103, making GRBs detectable at cosmological distances. The high energies involved in the 
thermalization 3 of relativistic jets 4 imply that plasma structures form. The origin of GRBs is 
explained either by fire ball model, in which plasma kinetic energy dominates, or by 
electromagnetic model, in which electromagnetic field energy is dominant. We consider 
here the fire ball model. The prompt phase of the GRB is driven by the internal shocks in the 
jet and afterglow by external shocks between jet and interstellar medium.  The model can be 
illustrated by following figure. 

 

 

 

 

 

 

2. The Lorentz factor is the name of the factor by which time, length, relativistic mass change 
while the object is moving and is often written Г (gamma).This number is determine by the 
objects speed [11]. 

3. Thermalization is the process of particles reaching thermal equilibrium through mutual 
interaction [12]. 

4. Relativistic jets are extremely powerful jets of plasma which emerges from center of some 
high mass collapsing stars [13]. 
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Figure-2.2 

The above figure 2.2 shows an imploding star from which a jet comes out. This jet contains 
extremely hot electrons and protons and strong magnetic fields which results in forming 
plasma structures. Internal shocks are formed due to collision between dense and tenuous 
plasma.  These plasmas clouds are of different densities the dense plasma cloud is 10 times 
denser than tenuous plasma cloud. 

2.1       Maxwell’s Equation 
Maxwell’s equations in electromagnetism are set of four partial differential equations that 
describe the properties of electric and magnetic fields and relate them to their sources, 
charge density and current density. Individually these equations are known as Gauss’s law, 
Gauss’s law of magnetism, Faraday’s law of induction, Ampere’s law with Maxwell’s 
correction. These equations are used to explain the origin of electromagnetic radiation.  

To explain the current and the magnetic field in the plasma Maxwell’s third and fourth 
equations are used, they are Faraday’s law of induction and Ampere’s circuital law and can 
be given as follows  

                                    ∇× 퐸⃗ =
⃗
,∇ ∙ 퐸⃗ =

∈
                                                                                 (2.1) 

                                    ∇× 퐵⃗ = 휇 횥⃗ + 휇 ∈ 흏푬⃗
흏풕

,∇ ∙ 퐵⃗  = 0                                                          (2.2) 

 

B, E is Magnetic and Electric fields. 
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2.2      Plasma Physics and Vlasov Equation 
The Maxwell’s equations describe the evolution of the electromagnetic fields in a medium. 
The properties of the medium enter through the current “J” and the charge “” and how 
these two are effected by and interact with the electromagnetic fields. 

Here we examine a medium referred to as plasma, an ionized gas in which electrons and 
protons are separated. A wide range of plasma models and approximations exists, each 
being valid for a certain scale in space and time. The plasma we consider here is 
approximated by a so called phase space fluid and it is probably the most generally valid 
plasma description in use. A phase space fluid shows analogies with a regular fluid. A fluid 
model applies, if enough particles are present on the scales of interest, so that the 
microphysical (chemical) properties of the constituents (atom, molecules) are no longer 
important. Then the fluid is described by macroscopic properties (viscosity, density) that 
take no notion of the particle properties and describe the fluid dynamics on large enough 
scales. All fluid properties depend on three spatial coordinates and on time. This is, because 
the atoms and molecules collide frequently. Any particle moving with a different speed will 
be slowed down rapidly. In the plasmas we consider, collisions between individual particles 
do not occur. The plasma especially in astrophysical environments is too thin and may 
consist of only few electrons and ions per cubed centimeter. So particles can move in 
different speeds. A phase space fluid takes this into account by introducing a fluid that 
depends upon three position coordinates, and three velocity coordinates and time.    

Several analytical descriptions exists for phase space fluid, the best known being the Vlasov 
equation of force. The phase space fluid is approximated by a density fs(x, v, t), which 
expresses the probability to find at the time t a particle of the species s with the velocity v at 
the position x. The Vlasov equation for the species s can be given as follows 

                            + 푣⃗
⃗
− 퐸⃗ + 푣⃗ × 퐵⃗

⃗
= 0                                                                 (2.3) 

This equation along with Maxwell’s equations and j=qs∫(v fs(x, v, t) dv) and                                    
s =∫(fs(x, v, t) dv) is used for simulation of plasma. It is system of non-linear integro-
differential equation describing the plasma dynamic of charged particles with long ranges. 

Here we do not solve the Vlasov equation directly. We employ instead a method that 
subdivides the phase space fluid into blocks each moving in space involving three spatial and 
three velocities coordinates. These phase space block interact with the electromagnetic 
fields through the currents and through the electromagnetic force imposed on them. 

The electromagnetic force is calculated using Lorentz equation of force. The Lorentz 
equation of force on a particle due its electric and magnetic is given as follows 

                                                                 퐹 = 푞(퐵 + 푣 × 퐸)                                                              (2.4)   
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F is the force; B and E are magnetic and electric fields respectively. q is the electric charge 
and v is the velocity of the particle.  

As we consider plasma as the phase space fluid, which is subdivided into phase space blocks 
each moving in space. The Lorentz equation of force is applied to each of these blocks. Thus, 
forced imposed is calculated.   

2.3      Particle in cell (PIC)                        
PIC simulation codes model collision-less plasma, which constitute an incompressible phase 
space fluid. The phase space fluid is approximated by an ensemble of volume elements 
which we call computational particles (CPs).  PIC model can be given as follows the figure 
below shows the particles in the grid for the PIC model 

Figure-2.3 PIC Model 

Each computational particle with index i as shown in Figure-2.3 of species j has the charge qj 
and mass mj with qj/mj = q/m, where q and m are the physical charge and mass of the 
particle, represented by the species j. The computational particles at nodes Fi, are calculated 
as follows. For every computational particle, distribute the micro current on to neighbor grid 
using D1 and D2. D1 + D2 give the cell size. Compute the summation of all computational 
electrons and we get microscopic current j at nodes Fi. Update E and B using Maxwell’s 
equation. Maxwell’s equation along with Lorentz equation of motion is used to calculate the 
electric and magnetic field E and B. They can be given as follows. 

                                           ∇ × 퐸 =  −                                                                                           (2.5) 

                                          ∇ × 퐵 =  휇 푗 + 휇 휖                                                                           (2.6) 

                                              = 푞 (퐸 + 푣 × 퐵)                                                                          (2.7)        

Finally interpolate the E and B from grid nodes Fi to computational electrons and update 
their velocities and positions.  

The equation for the charged particles can be given as follows. The function to evaluate is   
풇풆 (풙⃗, 풗⃗, 풕) .The charge “ρ” and the current of the particles is given as is follows 

                           푃 (푥⃗, 푡) = 푞 ∫푓 (푥⃗, 푣⃗, 푡)푑푣⃗                                                                                (2.8) 

                           횥⃗ =  푞 ∫ 푣⃗ 푓 (푥⃗, 푣⃗, 푡)푑푣⃗                                                                                       (2.9) 
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To calculate charges of the particles at grid point in general two types of interpolation model 
are used zero-order and first-order. These models use some form of interpolation among the 
grid points nearest the particle. In zero-order interpolation model, we simply count the 
number of particles within the cell or jth grid point and assign that number to that point. This 
type of interpolation model is known as nearest grid point (NGP). This method is fast in 
computational wise but have some problems like noise. The first-order interpolation model 
smooths the density and field fluctuations, reduces the noise when compared to zero-order 
interpolation model. It is little expensive in calculating a charge of a particle, because it 
needs two grid points for each particle. 

                          퐸(푥 ) =
∆

퐸 +
∆

퐸                                                                     (2.10) 

The charge at a particle is replaced by the position of the particle. 

3         Data 
PIC simulations have modelled the forming of shocks between initially unmagnetized, 
relativistically colliding electron-ion and electron positrons plasmas. We consider the 
collision of two plasma clouds in the presence of an oblique magnetic field. Both clouds 
differ in their density, which results in their different behavior. It is interesting regard to 
astrophysics to examine them separately. We thus keep the particles belonging to either 
cloud separate and consider the clouds separately. We refer to them as cloud 1 and cloud2. 
These two clouds acceleration is time dependent. Thus we have data of these two clouds 
accelerated at different time steps. We generalized these two clouds data as the left and 
right beam simulation data. The left simulation beam densities are ten times greater than 
right beam densities. 

Two types of data are visualized. The raw data consists of position and their respective px, py 
and pz momentums of phase space blocks representing the electron and proton. The pre-
computed data consists of densities which are pre-calculated from the position and their 
respective px, py and pz momenta. The flow diagram of the data can be shown as follows 
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Figure-3.1 Data-Structure. 

The Figure-3.1 shows two types of data that has been visualized. The left block shows the 
raw data contents of electron, proton data. The electron and proton data consists of 
respective position and momenta. The right block shows the pre-computed data consisting 
of electron and proton data. This data consists of density values.  

3.1      Raw Data 
The raw data of electrons and protons consists of positions and their respective momenta 
PX, PY, and PZ. These values are directly from the PIC simulations. The data consists of two 
beams with different densities, the left and right beams respectively. The data is generated 
by using the tables discussed in sections 2.2-2.3, which is used for visualization purpose.  

      

3.1.1    Electron Data and Proton Data 
Electron simulation data consists of left and right simulation data with their respective 
positions and momenta. There are about 56 discrete time slices of each simulation data 
respectively. These 56 time slices are further divided as three major times sliced 1-22, 23-39, 
40-56 data sets.                       

Proton simulation data consists of left and right simulation data same as electron data. There 
are about 56 discrete time slices of each simulation data respectively. These 56 time slices 
are further divided as three major times sliced 1-22, 23-39, 40-56 simulation data sets.  

                    

                          Data 

Pre-Computed 
Data             

Electrons Protons Electrons Protons 

       Raw Data            

PZ POS PX PY 
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3.2      Volume Data 
Volume data consists of the per-computed density values at a particular position in the 
volume. There are about 282 time slices for proton data and 269 time slices for electron 
data. Single time slice data set of electron and proton consist of both left and right simulated 
beam density values. The voxel size that is the dimension of the volume increases as the 
time slices increases.  To keep back the values to 256x256x256 scaling factors are used. 

3.3       Visualization of data  
As I have two types of simulation data raw data and volume data to visualize. The raw data 
has been visualized by calculating the number of particles in a voxel using the position and 
momenta. The volume data which is pre-computed consist densities is directly visualized.  

3.3.1     Raw Data Visualization                                        
To visualize simulation of raw data the position and momentum values are normalized to a 
particular data size. For our visualization we choose to take a grid of 256x256x256 voxels. 
That is the resolution position and momentum data are normalized to 256. Since the 
electron and proton data consists of two beams (left and right) at the same time interval. 
These beams are visualized separately. Three combinations of these data sets have been 
visualized. Keeping particles position on x axis and varying x, y and z momenta on px and py 
axis.  Combinations such as x-px-py, x- py-pz, and x-px-pz are visualized. Densities of these 
combinations have been visualized. Density is the count of number of particles in a particular 
cell or a voxel in the volume. This is calculated by using the equation (3.1).  

         Position= (z_position*z_dimension+y_position)*y_dimension+x_position.                (3.1) 

x_position is the particle position, y_position is the momentum taken on px-axis and 
z_position is the momentum taken on the py-axis respectively. y_dimension and 
z_dimension are the height and width of the volume. 

On the whole twelve different combinations are visualized from electron and proton 
simulation data. That is each beam (left and right beams of electron and proton data) is 
visualized with three different combinations as said above. 

3.3.2     Volume Data Visualization                                        
Whereas the volume data has pre-calculated density values at very voxel position in the 
volume. Volume data is directly read into the volume. The volume data has the left and right 
density values of each time slice. So both beams can be visualized at same time.             

3.4      Normalization of data 
The data is normalized to visualize the beams in a particular volume dimension. The 
normalization of data is done according to the volume chosen. For our data the dimension 
chosen is 256 cube volumes. The data is been normalized between 0-255. A straightforward 
method is followed in normalization of the data. Normalization of data is done as follows. 
The minimum and maximum values are taken from the respective data set and every value 
in data set is normalized within the range said above. The equation used for normalization is 
as follows 
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               Data[i] = ((data[i]-min_data)/ (max_data-min_data))*dimension.                            (3.2) 

In equation (3.2), Data[i] is the newly normalized value of each value of original data set, 
data[i] is the value of the data. The min_data and max_data are the minimum and maximum 
values of that time slice. Dimension is the dimension that we have chosen to normalize. 

There is some error when data is normalized because huge numbers are scale down to an 
interval spanning the values 0- 255 and only integer data is taken. If we take the normalized 
value within 0-1 the error would range from 0.1-0.9. The floor part of data is written into a 
file which rounds the data to nearest integer, suppose if we have a value 1.5 then it rounds 
to 1. There are few other methods to normalize the data one of them is Gaussian method 
[7].     

3.4.1     Voxel Approximation 
Since dynamical range of values of our data is huge in numbers we normalize the data 
around 0-255.In this process the floor part of data (discussed in section 3.4) is taken into 
consideration which rounds off the float data type to integer data type. So while calculating 
a voxel position, the position is one less than original position.  But this doesn’t affect the 
simulation structures. 

3.4.2     Data Sets Compression 
The pre-computed time slices of protons and electrons are many in number. The proton time 
slices are about 282, and the electron time slices are about 269 in number. These time slices 
take large amount of disk space to store and also loading these slices into memory is time 
consuming. Most of the density values in each time slice are null. These time slices are 
compressed to reduce the amount of disk space as well as to load them into memory fast. A 
simple straightforward method is implemented to compress and uncompress the time slice 
data.  The compression technique is given as follows   

 

 

 

 

 

 

 

 

 

 

For each data slice. 

 File *fwrt; 

 Int count=0; 

for(int i=0;i<data_size;i++) 
{ 
    if((data[i])==0) 
    { 
      if(flag==0) 
      {  
        count++;//sequential null value count 
      } 
      if(flag==1) 
      { 
         count=i;//if null not found count takes next position 
         flag=0; 
      } 
    if(count!=i) 
      { 
         count_flag.push_back(count);//vector holding the value     
of count 
         flag=1; 
      } 
    } 
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Table-3.1 

The Table-3.1, for every time slice data, first a condition is written for checking the null 
density , if the null density is found count is incremented by one. This process goes on until 
some density greater than zero is found. The count value is stored into a temporary buffer. 
The process will be continued until it reaches the end of the time slice data size. Then a new 
loop is started, where the negative of count and the density value (greater than zero) are 
written to a file.  The reason for writing a negative count to the file is when loading the data 
into memory for visualization. It is easy to differentiate the density value from the null 
density value. That is if the negative number is found till that position null values are passed, 
the next position value is density value position. The uncompressing of time slice is given as 
follows  

 

 

 

 

 

 

 

 

 

 

 

 

memset(buffer,0.0,(256*256*256)); 
int k=data[0];//k holds the position of the voxel  
 
if(k>0) 
   k=0; 
else  
   k=k*(-1.0);//if negative number then it is made postive 
for(int i=0;i<buffer_size;i++) 
{ 
    if(i==int(data[k]*(-1.0))) 
    { 
       if(k>=data_size)//check for end of data position 
       { 
 break; 
       } 
    if(int(voxel_data2[k])==(buffer_size)) 
       //break the loop if voxel data greater than buffer_size  
       { 
 break; 
       }   
       k++;//increment the position 
    } 
 

      
 

for(int i=0;i<256*256*256;i++) 
{ 
   if(i==count_flag[k]) 
   { 
     fwrt<<-(count_flag[k])<<"\n"; 
     k++; 
   }  
   if((voxel_data2[i])!=0) 
   { 
      fwrt<<voxel_data2[i]<<"\n"; 
   } 
} 
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                                                                   Table-3.2 

The Table-3.2 gives the uncompressing of the time slice data when loading into the memory. 
The first step is to create a temporary buffer and set all its values to zero’s. Then a loop is 
started until it reached buffer size. If data value or density value greater than zero at that 
particular position in data array, then at that particular position in temporary buffer the data 
is stored. 

The Tables 3.1 and 3.2 well suited for our data to compress and uncompress, because the 
density values are integers and not greater than 6000 and most of the data in each time slice 
are null. This compression technique worked fine for our data, it has compressed the file size 
from mega bytes (mb) to kilo bytes (kb).  This made program to run fast as there are not 
many values to read into the volume.   

4         Volume Rendering 
It is technique to transform 3D data to 2D image. It can also define as any method which 
implemented on volumetric data to produce an image [8]. The following figure shows one of 
the techniques to transform 3D data to 2D. 

Figure-4.1 Volume Ray Tracing 

        
   
  if((data[k]>0))//density value greater than zero 
    { 
        buffer_size[k]=data[k];//copy data to buffer 
        k++;//increment the position 
      
    } 
} 
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The Figure-4.1 illustrates one of the techniques used for volume rendering of objects. It 
shows how ray tracing technique is used to render objects volumetrically. The final intensity 
or the final color of the pixel of an image plane is calculated as the summation of all 
intensities of voxels the ray passes through [8].  

Rendering objects can be classified into two categories image-order [49] and object-order 
[50] respectively. Ray tracing is an example of an image order rendering where it renders 
object when a ray hits them (Figure-4.1). Object order rendering can render each object at a 
time. The advantage of volume rendering is that we not only render the outer part of object 
but also the interior part of the object. Both the above methods can be achieved by volume 
rendering. For the image data every pixel is checked for the intersection with the ray and 
intensity is calculated, and final pixel is rendered. For the object data the full volume is 
traversed from back to front or front to back checking each voxel contribution for the image 
in the volume. Image ordered data are implemented by using ray tracing technique the 
intensity of each pixel is determined by using some transfer function. This has two steps one 
to determine the voxel value along the ray, and other to process that voxel using a transfer 
function.  Although there are two steps involved in determining the intensity of the voxel the 
transfer function does it in a single step.  

Figure-4.2 Voxel Intensity 

   

In the Figure-4.2 “I” represent the voxel index; the curve at every voxel is the voxel intensity. 
 K (t) is the intensity function. ∆t is the time step or ray step.   
The ray equation to calculate the intensity at a voxel can be given as follows 

                                   퐼(푡 , 휔⃗) = ∫ 푄(푡)푒 ∫ ( ) 푑푡                                                        (4.1) 

In equation (4.1) t0 and ∞ are the near and far distance, if they are clipped then they are tnear 
and tfar . Q (t) is the contribution from each sample at a distance t along the ray is attenuated 
according to how much intensity is lost on the way t to t0 due to 휎 (푡 ) absorption and 
휎 (푡 ) scattering[20]. The function Q (t) can be given as follows 

                                  푄(푡) = 퐸(푡) + 휎 (푡)∫푃 (휔⃗, → 휔⃗)퐼(푡, 휔⃗,)d휔⃗,                                      (4.2) 

 A series of steps are done on equation (14) to give a final equation     

                                  퐼(푡 , 휔⃗) = 훼(푡 ) + 1− 훼(푡 ) 퐼(푡 )휔⃗                                                 (4.3)                                                    

4.1      Methods of Volume Rendering 
Volume visualization can be done with two types of methods direct volume rendering and 
surface fitting algorithms respectively [8]. Direct volume rendering has no intermediate 
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geometric construction of primitives. It just maps the data into the space. It is slow because 
every time, it has to traverse the whole data set (ray tracing technique Figure-4.1). So 
generally a low resolution image is rendered and then refined. The process of refinement is 
known as progressive refinement. Direct volume rendering is generally good for rendering 
images of clouds, fluids, gases. Surface fitting algorithms are generally known as iso-
surfacing. Where a constant value contour surfaces are generated from the data set. It is fast 
because the surface is constructed only once for given iso value. It is slow when the iso value 
is changed, because it has to traverse the whole data set in the volume.   

A volume is a 3D image data set where the values are represented as grid points on uniform 
grid. Since ray casting samples scalar data at arbitrary positions in volume it is necessary to 
have an interpolation between the data values or grid point. One of the basic methods 
followed is nearest neighbor interpolation and trilinear interpolation. Nearest neighbor 
interpolation method is used for 2D imaging and returns the value of the closest grid point.  
Trilinear interpolation method is used for 3D imaging it calculates a point in the cube using 
the eight vertices of that cube [9] 

Figure-4.3 Trilinear Interpolation [9] 

푉 = 푉 (1− 푥)(1− 푦)(1− 푧) + 푉 푥(1− 푦)(1− 푧) + 푉 (1 − 푥)푦(1 − 푧) +
푉 (1 − 푥)(1 − 푦)푧 + 푉 푥(1 − 푦)푧 + 푉 (1 − 푥)푦푧 + 푉 푥푦(1− 푧) + 푉 푥푦푧     (4.4) 

The Figure-4.3 shows a unit cube. In order to apply trilinear interpolation technique.  Any 
point xyz in the cube can be calculated by using the eight values of that cube. The above 
equation is used to calculate the point Vxyz in the cube.  

4.2      Visualization Tool Kit (VTK) 
Vtk is used for volume render our data. Vtk already has function for visualize the data 
volumetrically. Two types of hierarchies are followed in order to build this application. For 
visualizing the data volumetrically one hierarchy is followed. For implementing components 
in Vtk for analyzation and better interaction with the data other hierarchy is followed. The 
hierarchy followed to render data volumetrically is as follows. Initially the data is passed into 
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“vtkShortArray” [30] or “vtkUnsignedCharArray” [32], because Vtk can only render short or 
char data type. The data values from these arrays are given to vtkImageData [22]. The 
dimensions and spacing are set to image data. Further this image data is given as input to 
the vtkVolumeMapper [34]. The transformation function is set through vtkPiecewise-
Function [24] and vtkColorTransfer-Function [18] the alpha and colors are set with these 
functions respectively. The vtkVolumeMapper [34] and the transfer functions are set as 
input to the vtkVolumeProperty [35] function. This volume property is set as input to 
vtkVolume [33] function and the volume to renderer. The Figure-4.4 depicts the hierarchy of 
rendering data volumetrically.     

 

 

 

 

 

 

 

 

 

 

 

 

Figure-4.4 Vtk Flow Diagram-1 

Second hierarch is developing components in Vtk for data analysis and visualization. The 
main classes used are the vtkPolydata [26], vtkFloatArray [20], vtkPolyDataMapper [27], 
vtkCellArray [17], and vtkActor [14]. The initial data can be passed to Vtk arrays such as 
vtkFloatArray [20], vtkIntArray [22], vtkUnsignedCharArray [30] and all types of array data 
types in Vtk depending upon the data we use. Data can also be passed into vtkPoints [25], 
vtkLines [23] depend upon the application or component that we want to develop. Then 
these arrays or points are given as input to vtkPolydata [26] (all types of polydata variables in 
Vtk). Then Polydata [26] to vtkPolyDataMapper [27], this mapper to vtkActor [14] and 
VtkActor to vtkRenderer [28]. The Figure-4.5 illustrates the general connectivity from data to 
renderer in Vtk.            
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                                                          Figure-4.5 Vtk Flow Diagram-2. 
 

 

4.3      Vtk for volume rendering 
Vtk is used for visualizing the data. Vtk already have different types of volume rendering 
techniques which made volume rendering of data easy. Initially I try to use other tool kit 
developed in the university but there were few problems setting up on my system.  Vtk have 
two types of volume rendering techniques. They are Maximum intensity projection (MIP) 
and composite ray technique. Maximum intensity projection technique visualizes only those 
voxels which has maximum intensity in the direction of the ray. Whereas Composite ray 
function composite along the rays taking some pre defined values given to it. Composite 
raycast function is suitable for our data since we have different density values.  Composite 
raycast function uses trilinear interpolation method to visualize the data. The following 
Figure-4.6 shows the four steps followed by composite raycast function. 
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Figure-4.6 Composite Ray Tracing [8]. 

4.4      Volume Colors 
The density of the data is represented in form of colors. The pre dominant colors are RGBA.  
In our application the lower densities are represented by blue color, the intermediate 
densities by green color and remaining higher densities by red color. This is done using 
piecewise transfer function in Vtk. There are two piecewise transfer functions in Vtk. 
“VtkPiecewiseFunction” [24] for opacity and “vtkColorTransferFunction” [18] for color. Both 
these functions use a special type of function to remap the given opacity and color to every 
voxel in the volume.  In Vtk these two functions can be used in two different ways the first 
method is straight forward where we can specify the colors to particular scalar values. The 
second method is bit complicated where we can visualize scalar values within a specific 
range. The RGBA value at very voxel is calculated according to the following equations  

                                               푅 = 퐴 푅 + (1− 퐴 )푅                                                                     (4.5)                       

                                               퐺 = 퐴 퐺 + (1− 퐴 )퐺                                                                     (4.6) 

                                                B= 퐴 퐵 + (1 − 퐴 )퐵                                                                      (4.7) 

                                                              퐴 = 퐴 + (1 − 퐴 )퐴                                                                         (4.8) 

Vtk-Color and Opacity Equations [52] 

In equations 4.5-4.8 the R,G,B,A represents RGBA color values. Rs,Gs,Bs,As are the current 
plane RGBA values.  Rb,Gb,Bb,Ab are the background plane RGBA values to current plane. The 
intensity of the voxel depends upon the current and background surface color. It also 
depends upon how the interpolation is done that is back to front or front to back order.  

4.5      Finding out the density at particular position 
The raw data consist of position and px, py, and pz momenta of phase space fluid plasma. 
This is discussed in the section 3.1. We visualize the densities of electrons and protons of 
phase space fluid plasma. The raw data is been normalized to the range of 0-255. Using this 
normalized data the densities are calculated. Density is the number of particles in a cell or 
voxel. A straightforward method is used to calculate the number of particles in each cell or 
voxel. For each particle we calculated the position and store them in a buffer. The position is 
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calculated using the position and momentums of raw data. For example x, px, and py using 
the following method 

            Position= (slices*z_dimension+y_position)*y_dimension+x_position.                       (4.9) 

In the next step, the value is retrieved from the buffer using the calculated position as the 
buffer index. Then ten or one is added to the retrieved value depending upon data. If left 
data then ten is added, if right data one is added. 
 
The above said method is implemented in Vtk by using Vtk standard arrays to hold the 
densities and pass them to the volume (Vtk Flow Diagram Figure-4.4 section 4). Vtk have 
standard arrays to hold different types of data for example integers, floats, chars. These 
arrays provide different functions to accesses on data. First the position of every particle is 
calculated by using position and momentums of raw data and stored into the array. Here 
vtkShortIntArray is used. Then next, the value is retrieved from array using calculated 
position as index to array. According to the beam taken left or right (10 if left, 1 if right) the 
particular value is added to the value retrieved at that particular index in array. Then the 
value is stored back to same index in the array. Thus we calculated the densities from the 
raw data.      
The implementation can be given as follows 
 
 
 
 
                                        
 
 
 
 
 
 

Table-4.1 

The Table-4.1 is used to calculate the density for left and right simulation beams of electrons 
and protons. In order to calculate the position or the voxel of the volume.  The position and 
momenta chosen for visualizing plasma is taken. In the table the  x_position is the particles 
positional data. Momentum 1 and 2 depends upon what data is taken that is different 
combinations of px, py and pz. The y_dimension and z_dimension corresponds to height and 
width of the volume taken. 

 
4.5.1    Visualizing Densities 

Once the densities are calculated using normalized data table-4.1. vtkUnsignedShortInt is 
used to store these density values. These values are passed to vtkImageData and from 
vtkImageData to vtkVolume as mentioned in section 4(Vtk flow diagram-4.4). Once the data 
has been visualized I had a problem with color distribution and lot of noise in the initial sets 

For every particle 1 to n 

position= (momentum2*z_dimension+momentum1)*y_dimension+x_position; 
integer data=vtk_array_get (position); //value is retrieved from that position in   
//array 
if left simulation data 
data+=10; 
if right simulation data 
data +=1; 
vtk_array [position] = data; 
end loop  



 

19 

of data (because of lower number of simulation particles). In order to solve this problem re-
normalization of data is done.   

4.6      Renormalizing Data Sets 
As mentioned in section (4.5.1) problem with visualizing data.  The initial data sets have low 
count rate of particles for each voxel. This implies significant statistical fluctuations and, 
thus, noise and there was no uniformity in color distribution.  For both electron and proton 
data I have three main time sliced data sets  divided as  1-22, 23-39 and third from 40-56. In 
order to maintain uniformity and reduce the noise I have chosen to normalize the data with 
different range and different values.  

For the first ensemble of data sets ranging from 1-20 for left beams of electron and proton, 
and 1-19 for right beams of electron and proton, the data is normalized between the ranges 
0-320. Then remaining data sets of left and right data sets are normalized to 256. I only 
normalized the positional data keeping momentum data the same.  

The second and third ensemble time sliced data sets hold data with indices ranging from 23-
39 and 40-56 of left and right data sets of both, electrons and protons. I took the last data 
set of both main time sliced data that is set 39 and 56 for their respective time spanned 
intervals. I merged these data sets with each data set in that time slice and renormalized the 
data set according to 256. This method of normalization produced uniform distribution of 
colors and removed noise.    

4.7      Direct Volume Rendering 
I also visualized pre-computed simulation data sets where the density value is computed 
according to positions and momentum components, stored in a small time sliced simulated 
data. I have about 282 time slices for protons and 269 for electrons. Its little bit easy to 
render the volume data sets because there is no need to compute anything just read the 
timed data slice  and give it to the renderer and its quite fast. Moreover each data time slice 
contains the left and right beam simulation information. The initial data set is of dimension 
2563, I have chosen to visualize the remaining data time slices in the same dimension.  

However as the time step increased the voxel size and grid size increased in order to fit the 
data. These voxel values and grid size increased as the power of 2 to that of initial time step 
data.  This increase of value is along px, py and pz momentum. I have information about by 
what factor the voxel values and grid size increased in further time steps. Using this 
information I have scaled down the voxel values of remaining time step data(that is data of 
higher dimension) to the initial data dimension. For initial data sets it is straightforward 
visualizing the densities, because they are represented well by color scale. But as the time 
steps increased it is difficult to choose an appropriate color scale value, because higher voxel 
values holds larger number of particles and this changes dynamical range of data. This 
change in voxel values when divided buy their respective factors, had given values almost 
the same.  

In order to solve this I stored the densities as floating number values and divide them by 
their respective factor converting it into floating number. Below two tables shows data 
before and after factorization applied on them 
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 Table-4.2   Proton Data Example.  

 

 

 

 

                                                       Table-4.3 Electron Data Example. 

Then I rounded the values into integers as shown in the table (proton data example Table-
4.2), finally 10-logarithmic values of these values had taken, given better densities. This 
procedure worked fine for the proton data as seen the values in the table (proton data 
example Table-4.2) because the scaling factor is not so high. These values are well 
represented by the color scale. 

 But for the electron data this method doesn’t work that fine because the electron density is 
widely spread in the phase space the typical densities are low when compared with proton 
densities. This can be seen in the table’s proton data 4.2 and electron data 4.3 as they are of 
same time slice. From the table electron data 4.3 it is evident that electron density values 
are not so large. Choosing an appropriate color table is difficult, because most of the data 
have same density values. I decided to use grey scale instead of RGB scale for visualization. 

 

4.8      Rendering Magnetic Data  
I also have magnetic data which is not volume rendered but has been visualized as field data. 
I have 3d positions which represent the amplitude of two components of the magnetic field. 
Which are orthogonal to the plasma direction, as the function of the position. I visualized the 
magnetic field through connecting lines between the points. In order to implement this I 
used the Vtk classes such as vtkPoints, vtkCellArray, vtkPolydata, vtkMapper and vtkActor 
classes. Initially I visualized full data set, which is about 30,000 points in each time slice. But 
rendering the entire data set is not necessary because the plasma data is limited to spatial 
range of 15,000 to 17,000. So the magnetic data is also visualized in same interval. An axis 
has also been rendered to show the relative scaling and position of the data. The axis is 
implemented with the use of vtkCubeAxis class which has some properties as following the 
camera and range for labeling and scaling of axis can be set by the user. Initially we had a 
problem with the uniformity of data. When i try to render the data there was no uniformity 
of structure along position between the time steps, so in order to make the data uniform 
between all the data sets I have taken the last data set and merge with every single data set 

Data ={0.1875,0.375,0.5625,1,2.0625,0.4375,7.75,43.6875,56.0625,57.3125,43.375, 

             36.0625, 38.1875, 57.9375, 79.6875, 78.625} 

These on rounding to the integers will give following values 

Data ={1,1,1,1,3,1,8,45,57,58,44,37,39,58,80,79} 

Data ={1.52588,1.52588,3.05176,3.05176,3.05176,1.52588,1.52588,1.52588,1.52588, 

             3.05176,1.52588,1.52588,1.52588,1.52588,1.52588,1.52588} 

These on rounding to the integers has given the following values 

Data={2,2,4,4,4,1,1,1,1,4,1,1,1,1,1,1} 
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and found out the maximum and minimum of data and then normalized the data accordingly 
this made the data to be uniform between the selected data range in all the data sets. The 
magnetic data is rendered in red color. The positions of the vertices that represent the 
magnetic data are amplitudes of y and z components of the magnetic field.  

4.8.1    Visualizing Magnetic and Electron Data 
I also visualized the magnetic data and the electron data simultaneously. The positional data 
that is the x-axis data is the same for volume data of the plasma and the magnetic field data, 
which has BY and BZ components. The positional data for electron field data is the same as 
magnetic data, which has Ex component. Both data sets are visualized simultaneously over 
the same spatial ranges. The magnetic data is represented with the red color and the 
electron field data is represented with blue color in volume.  Below two images shows the 
magnetic and electron field data visualization in different view angles of camera. 

Figure-4.7 Magnetic & Electric Field-1. 
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Figure-4.8 Magnetic & Electric Field-2. 

4.9      Vtk Components 
I have implemented components in Vtk to make a better interaction with the application. 
These components are implemented using vtkRenderWindowInteractor class which is an 
independent class used in general for handling the time events, mouse and key board 
functions in Vtk and also other classes in Vtk. I implemented color scalar bar for dynamically 
changing colors, opacity scalar bar for opacity, color map plane for visualizing the cross-
section plane of current viewing plane and axis for volume to show the ranges of visualizing 
data.       

4.9.1    Color and Opacity Scalar Bar 
I have implemented Color scalar Bar for color and opacity scalar bar for alpha values. 
Components, by which user can change the transfer-function values dynamically. The scalar 
bars and their respective sliders are developed using Vtk classes like “vtkPoints“, 
“VtkCellArray” and mainly using vtkRenderWindowInteractor class. These scalar bars are 
implemented as widgets in Vtk, such that they can be placed at any part of window. The 
Color scalar bar has three sliders for red, green and blue. By moving these sliders the color 
values can be changed dynamically in color transfer function. The Color scalar bar ranges 
from 0-255 corresponding to the minimum and maximum range of RGB values.  The opacity 
scalar bar has a slider by which alpha value can be changed dynamically. The Opacity scalar 
bar ranges from 0-1. With the help of the mouse the sliders are moved. The implementation 
of the scalar bars helped me a lot as we see the color variation dynamically and adjust the 
colors.  The snap shot the scalar can be shown from Figure 4.9. 
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Figure-4.9 RGBA Components-1. 

The Figure-4.9 shows the implementation of the Color scalar bar and the opacity scalar bar. 
The sliders are given the respective colors. This image shows the initial condition of the 
application. 

Figure-4.10 RGBA Components-2. 

The Figure-4.10 shows the variation of color distribution as color slider changed. The 
difference is seen between the Figures 4.9 and 4.10.   
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Figure-4.11 RGBA Components-3. 

The Figure-4.11 shows the change in opacity as the opacity value is changed using the 
opacity slider. 

 

4.9.2     Volume Pointer and Volume Plane 
 As I have data which is pre-calculated and transformed into volume data for visualization 
purposes. An interesting aspect is to access dynamically attributes such as color, density of 
any position in the volume. I have implemented   pointer which can dynamically point to any 
position in the volume and retrieve the attributes such as color and density. In order to 
implement the pointer I used “vtkCaption” class, which has a pointer to move in 3D. But this 
pointer should know the x, y, z values in order to move in to the volume. I have done some 
pre-calculations which simplified to get the relative information. Using 
vtkColorTransferFunction class I could get the color of all voxels in the volume. Then I 
implemented a structure which holds information such as colors, densities and position of 
voxels. I have three objects of this structure for holding red, green and blue color values. As I 
initially calculated the voxel position from raw data using the method in section 3.3, I have 
applied the reverse of that method to get back x, y and z coordinate positions from any 
position in volume. This method worked fine, but when I put things in practice, i had some 
problems in visualizing the voxel with the pointer. Mainly when the pointer moves into the 
density cloud it is hard to figure out where the pointer is pointing in the volume. To solve 
this problem, I implemented a rectangle with Vtk classes such as vtkPoints, vtkCellArray and 
vtkActor class and  given the properties of voxel to the rectangle, such that I can visualize the 
color and opacity. This worked fine but we thought of a better way to represent the 
information of the volume. We have selected to visualize individual slice planes in the 
volume. Below are the screen shots of the implementation of volume pointer. 
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Figure-4.12 Volume Pointer-1. 

Figure-4.13 Volume Pointer-2. 

The figures 4.12 and 4.13 color pointer implementation. In the Figure-4.12 pointer is clearly 
visible where it is pointing in the volume. But in the figure-4.13 it is very hard to find out 
where the pointer is and pointing in the volume. 

4.9.3     Color Map 
Color map is used to visualize each cross-section of volume without the opacity. For example 
we visualize the orthogonal plane to x axis, which is y-z plane as we move along x-axis. The 
three cross section planes orthogonal to coordinate axis can be selected, which are planes 
spanned by x-y, y-z, and x-z. In order to implement this I used an array of dimension 
256x2562 x7, the first dimension holds the depth of the plane, the second dimension holds 
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all the voxels of individual plane, and the third dimension holds the information of each 
voxel of the selected plane. The third dimension holds the information such as the color, 
position (voxel index in volume), density and corresponding coordinates of the position. This 
can be shown as follows 

 

 

 

 

 

 

 

 Table-4.4 

In Table-4.4 the “data” array holds the information about the volume. The x variable 
corresponds to depth of the volume which ranges from 0-255. The y variable corresponds to 
a plane at that particular depth and it is of size 256X256(each plane is of size 256X256). The 
third dimension holds the relative information of each voxel of that particular plane as 
shown in example. 

I calculated the x, y and z coordinates same as I did before for volume pointer and for 
example to calculate Z-Y plane I use the function (y*256) +z, where y and z are the 
coordinates of corresponding position. The method to calculate the x, y and z from position 
can be given as follows 

                                          
 
 
 
 
 
 

Table-4.5 

The Table-4.5  is explained by taking an example. To calculate the x,y and z coordinates for 
the voxel position or voxel index “393472”. Wth dimensions width=256,height=256 and 
depth=256. 
 
 
 
 
 

                                                       data[x][y][0]=red_color; 

                                                       data[x][y][1]=green_color; 

                                                       data[x][y][2]=blue_color; 

                                                       data[x][y][3]=density; 

                                                       data[x][y][4]=voxel_position; 

                                                       data[x][y][5]=x_coordinate; 

                                                      data[x][y][6]=y_coordinate; 

                             z =position/(width*height);  
                             Z_pos=z;//z position is obtained 
                             y=position-(width*height*Z_pos); 
                             Y_Pos=y/(width);//y position is obtained 
                             X_Pos=Y_pos-(z*width);//x position is obtained 
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Table-4.6 

The Table-4.6 does not give any error because the x, y and z values are integers.  This 
method worked fine for data computed from x,px and py and also for the pre-computed 
data. The following figures shows results of the implementation of color plane.        

                                                                    Figure-4.14 Y-Z Plane. 

First the z coordinate is calculated from voxel position by it by product of width, height. 

                                          z_coord=393476/ (256*256); 

                                          z_coord=6;   

Then the position is taken away from the product of width, height and z value calculated 
above. This will give the value in the range of single plane that is between 0-65536. 

                                         y=393476-(256*256*6); 

                                         y=260; 

The y coordinate value is calculated by dividing the y value with width 

                                         y_coord=y/256; 

                                         y_coord=1; 

Finally the x coordinate value is calculated by taking away y value from product of 
y_coord, width.  

                                        x_coord =y-(1*256); 
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The figure 4.14 illustrates the color map. The plane orthogonal to the current plane is 
visualized without opacity. Only single slice of the volume can be visualized at a time. In 
order to visualize any particular slice or plane in a given volume a slider is implemented. This 
slider can be used to select any particular plane in the volume. The advantage of color map is 
that very voxel of the selected plane can be visualized. Because only a single plane is 
visualized which is 2D and there is no opacity. Along with visualization of the plane   
information such as which axis cross section plane is visualized on color map plane, density, 
number of voxels per plane, maximum density voxel and minimum density voxel are also 
given.  Figure 4.14 shows the visualization of Z-Y and other information as said above. 
Similarly other two planes are also implemented that is X-Y plane and y-z plane.   

4.9.4     Implementing Color Map 
To implement the color map I used vtkPoints class, vtkCellArray class and vtkActor class.  The 
point represents the voxels in the volume. I had several memory problems implementing the 
color map initially. The main problem was rendering all the points in the plane (all voxels of a 
plane in volume).  As each plane is of size 256X256 and every point should be rendered 
individually (because each point has different attribute values, and should be connected to 
individual actors in Vtk), rendering all points ran into memory problem.  

The information about every plane is stored in the array which is discussed in section 4.8.3 
Table 4.4. Which has the dimension of 256X2562X7, the first dimension corresponds to 
depth of volume, the second dimension to each plane in the volume, and the third to store 
information of the voxel or the grid cell in of every plane. This stored information is used to 
visualize a plane. This procedure solved the memory problem, only the densities greater 
than zero are visualized, not all the voxels in a plane have densities greater than zero. This 
reduced rendering all the 2562 voxels of a plane.   

4.9.5     Volume Clipping 
The volume dimensions are 256x256x256 the large number of time slices implies that 
volume needs substantial storage space and loading them into memory is time consuming. 
The pre-computed time slices contain large amount of zero density voxels, it is useful to clip 
the volume by changing the dimensions of the volume, such that we can compress the 
empty space.  The width is kept the same as all positions are up to 256 for all the data sets. 
But the momenta along the y and z axis are not up to 256.  We can change the dimension 
along these two axes. But the original data is normalized to 256x256x256. If I just change the 
volume dimension the hole data visualization changes that its looses its structure. I have 
changed the volume dimensions without disturbing the structure of visualization. In order to 
implement the compression I used the following method. 
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Table-4.7 

By using the Table-4.7 I got the maximum voxel position among all time slices. Then I   
resolved the voxel position into x, y and z coordinates, to get the dimensions. Then I 
compressed the volume to this dimension using the method   expressed as follows 

 

 

Table-4.8 

new_position is the newly computed position, old_position is the original voxel position, 
new_y_dimension is the height and new_z_dimension is number of slices. 

For example if the highest voxel position is 200*200*256. If the old voxel position is 393476, 
by using the Table-4.8 the new voxel position can be calculated as follows 

 

                      

 

 

 

for(i=1;i<=n;i++)//no of time slices 1-282 for proton,1-269                                                 
electron                                             
{ 
   for(int j=0;j<volume_size;j++) //each volume 
   {  
       Max_voexl_positions[i]=max(voxel_positions[j]); 
   } 
}//Next step to find out highest voxel position in the array 

 Max_voxel_position=max (Max_voxel_positions); 

 The Max_voxel_position contains the highest voxel position among max_voxel_positions.                                               

new_position=old_position-(256*(256-new_y_dimension)*(256-new_z_dimension); 

 

                     Voxel_pos=64500-(256*(256-200)*(256-200)); 

                     Voxel_pos=64500-(256*50*50); 

                     Voxel_pos=500; 
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Figure-4.15 Un-Clipped Volume. 

Figure-4.16 Clipped Volume. 

The above two figures with different dimensions the first one with 256x256x256 and the 
other with 256x198x198. The first image has lot of empty space and the structure is small 
when compared with that of the second figure.  
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5         Movie of simulations 
We made a movie of the simulation data, where we animated the axis, thus the sequence of 
time slices.  To implement this I used vtkWindowToImageFilter class and vtkBMPWriter class, 
the vtkWindowToImageFilter class takes the vtkRenderWindow as input where this class is 
used for rendering. The vtkBMPWriter class takes the input from the 
vtkWindowToImageFilter and save the output as the BMP image. Vtk supports different 
image file formats, but I have chosen bmp because it’s best way to save data without any 
compression or data loss. Then these saved images are given to the widow’s movie maker to 
put them in a synchronized manner to give a smooth simulation. For the electron data three 
movies are made because of difference of the box sizes.     

6          Results 
Three different types of data are visualized, they are the raw data, pre-computed data and 
the magnetic   field data. 

6.1      Raw Data 
I have visualized 56 time slices of both electron and proton simulation data. Different 
combinations such as x-px-py, x-py-pz, and x-px-pz are visualized. The proton data is very 
compact when compared to that of electron data. The left proton beam is significantly dense 
than right proton beam. The initial time slice data sets are sparser than the final time slices. 
Two types of visualization of densities are done one with original data with its linear density 
axis and other, where we display the 10-logarithm of density. The animation of logarithmic 
densities is more suitable if we have large dynamical range. As the index of time slices 
increased the lower densities number is greater than higher densities number that is the 
data get sparser for both left and right data of protons.  

6.1.1     Proton Data 
There are about 56 time slices of proton simulation data.  For both left and right beams 
different combinations such as x-px-py, x-py-pz and x-px-pz are visualized. The densities are 
visualized in two ways the linear densities and the 10-logarithmic of the densities. These are 
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some of the results of different screen shots of visualization with different combinations

    Figure-6.1 Left proton beam-1. 

Figure-6.1 show one of the time slices of proton left beam, x-px-py simulation visualization. 
The densities visualized are 10-logarthimic densities. 

    

                                                           

Figure-6.2 Left proton beam-2. 
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Figure-6.3 Left proton beam-3. 

Figure-6.2 and Figure-6.3 illustrates two different left proton clouds. The densities plotted 
are 10-lograthimic values of the densities. 

 

Right Proton data visualization Figures 

Figure-6.4 Right proton beam-1. 
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Figure-6.5 Right proton beam-2. 

 

 

Figure-6.6 Right proton beam-3. 

The figures 6.3-6.6 show the right proton clouds. These clouds are plotted keeping position 
on x-axis and changing the three momentums px, py, pz on the other two axes. These figures 
illustrate the 10-logarthimic values of the densities.  
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6.1.2     Electron Data              
There about 56 time slices for electron data. The electron beam is diffuse when compare to 
that of proton beam. Same type of visualization is also done for electron data that is x-px-py, 
x-py-pz, and x-px-pz respectively. The structure of x-px-py and x-px-pz are almost similar. 
Two types of densities are visualized for electron data to the normal densities and 10-
logarthimic densities. Here are the screen shots of different visualizations of electron data. 

Figure-6.7 left electron beam-1. 

Figure-6.8 left electron beam-2. 
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Figure-6.9 left electron beam-3. 

Figures 8.7-8.9 shows different left electron clouds. These plots show 10-logarthimic density 
values. These clouds are sparser, hence the structures are not much denser. Although all the 
three plots looks similar but there are some difference in their structures.     

Right Electron Simulation 

Figure-6.10 right electron beam-1. 
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Figure-6.11 right electron beam-2. 

Figure-6.12 right electron beam-3. 

Figures 6.10-6.12 illustrates different right electron cloud. The 10-logarthimic density values 
are plotted by keeping the position on x-axis and changing the three momentums on other 
two axes. The figure 6.10 shows X-PX-PY. Similarly the figures 6.11 and 6.12 are plotted with 
other combination of momenta. These structures are denser than compared to left electron 
cloud.  
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6.2      Pre-Computed volume data  
The data in these files are pre-computed in other words the densities are pre-computed and 
already in the simulation and the size of the data is about the dimension of 256x256x256. 
The time slicing of these files is less when compared to that of raw data. But these files 
contain the density values of both left and right beams simulation.  

6.2.1     Proton Data 
About 282 time slices of proton data is visualized. The proton data is denser than electron 
data. The pre-computed data is sparser than the raw data. This is due to variation of box size 
and scaling of data. Only x-px-py visualization is done. Here are the screen shots of the 
proton data.    

Figure-6.13 Pre-computed proton cloud. 

6.2.2     Electron Data        
There are 269 time slices for electron data. The electron data is widely spread as said above. 
Due to increase of box size and scaling factors the electron data density values have no much 
variation. It is not so useful to use RGB vector, because density variation is due to noise. I 
could thus use grey scale for electron data without any penalty. Here are the screen shots 
for the electron data.   
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Figure-6.14   Pre-computed electron beams. 

6.3      Simulation comparison  
A comparison between the simulations can be seen from our visualizations. A Comparison is 
seen between left and right beams proton simulations, left and right electron beams 
simulations, 10-logarthimic and normal densities visualization of both simulations, 
comparison between raw data and per-computed data.  From our visualizations we see that 
left proton simulation is denser than right proton simulation. One of the same time slices of 
proton left and right beam simulation are shown below. 

Figure-6.15 Left proton beam. 
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Figure-6.16 Right proton beam. 

 

But, for electron simulation the right beam simulation is denser than left beam electron 
simulation. One of the same time slices of electron left and right simulation can be shown as 
below 

Figure-6.17 Left electron beam. 
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Figure-6.18 Right electron beam. 

 

A comparison between 10-logarthimic densities and normal densities for proton and 
electron simulation are shown as follows 

Figure-6.19 Left proton linear densities. 
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Figure-6.20 Left proton 10-logarthimic densities. 

 

Figure-6.21 Right electron linear densities. 
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Figure-6.22 right electron 10-logarithimic densities. 

The figures labeled 6.19 and 6.20 shows a time slice of left proton beam simulation and 
figures labeled 6.21 and 6.22 are right electron beam simulation. The figures 6.19 and 6.21 
are show linear densities visualization, per-dominate colors are red and blue. The RGB vector 
scale is not completely used.  Whereas the images 6.20 and 6.22 show 10-logarithimic 
visualization, using full RGB vector scale. The visualization is smooth when compared to 
linear densities visualization.     

 

7         Conclusions 
An application for visualizing plasma simulation has been implemented. The data have been 
volume rendered. Different combinations such as X-PX-PY, X-PY-PZ, and X-PX-PZ have been 
visualized. The X-PX-PY and X-PX-PZ data sets have almost similar structure for both forms of 
data. The data is presented in 3D such that it can be rotated and as it volume visualized it 
has all the advantages of volume rendering. User interaction components are implemented 
such that one can interact with the data dynamically like changing the color transfer function 
and opacity of the data. Axes are implemented such that one can get the units that are the 
range in which the data has been visualized. The color map plane gives the information of 
each plane without any opacity. Thus this is useful, because one can get accurate 
information about an individual plane in the volume and also visualize that particular plane 
with axis. Information such as which plane is currently visualized, the slice that is been 
visualized, the maximum and minimum density of that plane, number of particles in that 
plane, the minimum and maximum density voxels in the plane can be also be visualized. A 
color bar is also visualized to show the range of colors in the volume.  Magnetic field data 
has been visualized along with the electron position data. Simple but efficient data 
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compression techniques are implemented in compressing of volumetric data and also 
volume. Finally movies of proton and electron data are made from the simulations visualized 
in the volume.         

8          Future Work 
Vtk is used for volume visualize this particular data and the rendering is done on CPU. GPU 
based software’s can also be used for faster performance. Different file compressions and 
clipping techniques can be implementing on this data.  More analyzation and interpretation 
of physic results can be done. Define a data format that carries information about coordinate 
values etc. Find methods for visualization in automatic way. Implement a component to 
select individual particles. Implement a technique to combine raw data and volume data. 
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