
VISUALIZATION TOOL FOR MOLECULAR DYNAMICS SIMULATION 

by 

Meha Garg 

 

 

 

 

A Thesis Submitted to the Faculty of  

The College of Engineering and Computer Science 

in Partial Fulfillment of the Requirements for the Degree of  

Master of Science 

 

 

 

 

 

 

 

Florida Atlantic University 

Boca Raton, Florida 

May 2010





 iii

ACKNOWLEDGEMENTS 

It is a pleasure to thank those who made this thesis possible. I am indebted to my 

advisor, Dr. Xingquan Zhu, whose encouragement, guidance and support from the initial 

to the final level enabled me to develop an understanding of the subject. I also owe my 

deepest gratitude to Dr. Abhijit Pandya and Dr. Sam Hsu for providing me this 

opportunity to work with their group and constant motivation and support. I would also 

like to thank Dr Borko Furht for providing the wonderful infrastructure and Mrs. Jean 

Mangiaracina for her guidance through administrative needs. This work would not have 

been possible without them. 

Finally, I am thankful to my family members who believed in me and provided 

enormous motivation and support. 

 

 

 

 



 iv

ABSTRACT 

Author:  Meha Garg 

Title:   Visualization tool for Molecular Dynamics Simulation 

Institution:    Florida Atlantic University 

Thesis Advisor:  Dr Xingquan Zhu 

Degree:  Master of Science 

Year:   2010 

 A study of Molecular Dynamics using computational methods and modeling 

provides the understanding on the interaction of the atoms, properties, structure, and 

motion and model phenomenon. There are numerous commercial tools available for 

simulation, analysis and visualization. However any particular tool does not provide all 

the functionalities. The main objective of this work is the development of the 

visualization tool customized for our research needs to view the three dimensional 

orientation of the atom, process the simulation results offline, able to handle large volume 

of data, ability to display complete frame, atomic trails, and runtime response to the 

researchers’ query with low processing time. This thesis forms the basis for the 

development of such an in-house tool for analysis and display of simulation results based 

on Open GL and MFC. Advantages, limitations, capabilities and future aspects are also 

discussed. The result is the system capable of processing large amount of simulation 

result data in 11 minutes and query response and display in less than 1 second.
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CHAPTER 1 

INTRODUCTION 

In the real world, this could eventually mean that most chemical experiments are 
conducted inside the silicon of chips instead of the glassware of laboratories.  Turn off 
that Bunsen burner; it will not be wanted in ten years.  

- The Economist, reporting on the work of the 1998 Chemistry Nobel Prize Awardees 

1.1 Overview and Motivation 

The study of the motions of molecules is defined as molecular dynamics. With 

increasing use of computational methods and modeling the experiments in molecular 

dynamics are carried out using computer simulations. Molecular dynamics is a computer 

simulation in which atoms and molecules are allowed to interact for a period of time by 

approximations of known physics. It computes the motions of individual molecules in 

models of solids, liquids, and gases of material science. 

The main idea is motion, which describes how particles change positions, 

velocities, and orientations with time. It constitutes a motion picture that follows 

molecules as they move to and fro, twisting, turning, colliding with one another. 

First, a sample is prepared based on a model system consisting of N atoms and it 

is solved using Newton's equations of motion until the properties of the system no longer 

change with time i.e. equilibrium state is reached. After that, an actual measurement is 
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performed. The observable quantity is expressed as a function of the positions and 

momenta of the atoms in the system. The best introduction to typical molecular 

simulation procedure is shown in Figure 1-1. 

 

 

Figure 1-1 Typical Molecular Dynamic Simulation Procedure 

 
It is important to realize that the typical molecular dynamic simulations feature 

102-108 atoms, over times of 10ps – 100ns. 

In run time, it is difficult to analyze the data of these large number of atoms even 

if the simulation lasts from few seconds to few minutes, the time frame or window of the 

interaction of atoms being extremely small, analyzing the interaction of the atoms with 

each other, able to view the motion of the atoms, their position at particular time and their 

orientation in space is a challenge. Also, various commercial tools available are either 

extremely expensive or have different functionalities. There is a need for in-house tool 
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where the results from the simulation experiments are analyzed, studied, are user-friendly 

and provide high level graphical representation with animation capabilities. 

1.2 Problem Statement and Objective 

The basic problems that are encountered in the computer simulation of molecular 

dynamics are: 

• Large Data Volume 

• Three Dimensional orientation of the particles 

• Large number of particles in each frame 

• Interaction of the particles and their relative motion 

1.2.1 Large Data Volume 

The molecular dynamics simulation studies are performed in a time-step from 

picoseconds to nanoseconds to milliseconds. Each time step is saved and motion of the 

molecules changes in each step. As molecular dynamics need is a time dependent system 

and each frame of time carries lot of information related to behavior, interaction and 

properties, analysis and proper understanding is very important. Hence there is a need for 

a visualization tool. 

1.2.2 Three Dimensional orientation of the particles 

The molecules are oriented in space. Consider each molecule a data point. To 

know the exact position of each point, one needs X, Y and Z coordinates. And lot of 

times in experiments, some atoms or catalysis or atom of particular interest is so clustered 
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between the bulk of atoms that the Visualization tool imposes a graphical challenge for 

the designer or developer. The atoms are so close to each other that physically able to 

separate them to see them clearly, needs high end graphical interface and this puts the 

challenge for the developer of the system. 

1.2.3 Large number of particles in each frame 

As trajectories are important for understanding properties of the substance, the 

results from the simulation studies is temporal. Typically, there are thousands of 

thousands of atoms in each time step. These atoms are carried to the next time step and 

hence, understanding of each data point is a serious business. In our typical example we 

are working on 300,000 atoms with 16 time frames. And this is a huge amount of data to 

process and prepare for visualization. 

1.2.4 Interaction of the particles and their relative motion 

Studying of atoms and their interaction with each other is not an easy task. 

Sometimes, atoms interact real quickly. To capture and understand the interaction 

becomes difficult. Sometimes, you cannot see the interaction, but over a time studying 

about the motion of atoms and physically identifying the role of each atom, some kind of 

pattern gets generated. Studying these patterns defines the motion and interaction of 

atoms with each other. 

This work is an in-house development to design a Visualization tool for analysis 

of the simulation results and provide an user interface for the scientist to study the 
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interaction of atoms, motion of atoms, trail of atoms along the length of time with all the 

graphical and animation capabilities. 

1.3 Contribution 

The contributions of this thesis can be summarized as follows: 

1. A framework is defined for preparing the visualization tool for molecular 

dynamics. The tool is based on OpenGL/GLUT and MFC libraries for high end graphical 

support.  

2. The results of molecular dynamic simulation contain trajectories of atoms. The 

number of atoms can be more than 300,000 atoms in each frame. And there can be 

multiple frames. The data is stored in .txt file. 

3. The textToBinary program converts data from text file format to binary file 

offline. And this helps in processing the information for graphical representation.  

4. The tool finally displays the atoms. The user interface provides necessary features 

for display to support rotation, 2D, 3D, sampling rate, frame in question. 

1.4 Thesis Organization 

This chapter gives a general overview on the molecular dynamics by explaining 

what the molecular dynamics is and why it is important to study molecular dynamics and 

what are the challenges in the field of molecular dynamic simulation. And hence the need 

for visualization tool for molecular dynamics and why visualization tool is necessary. 

The rest of the thesis is organized as follows: 
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•    Chapter 2 presents the current technologies in the field of molecular dynamics. It 

also talks about various Visualization tools that are currently used to capture the 

simulation results. The chapter also discusses the associated advantages with the tool 

and what are the basic features required in a tool. 

•     Chapter 3 presents a framework for the visualization tool for molecular dynamics. 

We provide the road map of our system and explain the actual problems related to the 

Visualization tool and how address those issues. 

•    In chapter 4, we implement the visualization tool. We discuss about the way we 

programmed the tool describing step by step and overcoming all the challenges along 

the way. We also provide snapshots to make to demonstrate the capability of the tool. 

•   Chapter 5 presents a brief summary of the thesis work. It also discusses 

implications of the thesis to the world of molecular dynamics. And finally concludes 

with the identified limitations of the thesis and the future scope of study.
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CHAPTER 2 

BACKGROUND AND RELATED WORK 

If we were to name the most powerful assumption of all, which leads one on and on in an 
attempt to understand life, it is that all things are made of atoms, and that everything that 
living things do can be understood in terms of the jiggling and wiggling of atoms. 

-Richard Feynman 

2.1 Introduction 

The story of computer simulation is very different. It started as a tool to exploit 

the electronic computing machines that were developed during the Second World War to 

perform very heavy computation involved in the development of nuclear weapons and 

code breaking. In the early 1950s, electronic computers became partly available for 

nonmilitary use and this led to the beginning of the new discipline of computer 

simulation [15].  

Computational chemistry and particularly molecular simulations regularly rely on 

molecular graphics at some stage in the validation or analysis process. It is difficult to 

obtain spatial understanding of a chemical process directly from a trajectory. Computer 

graphics can, of course, be used in several ways together with molecular simulations. 

Writing the atomic coordinates periodically on disk, after solving the equations of 

motions in MD simulations and letting a molecular graphics program read them from the
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file in a continuous manner, has ‘open a window’ into the microscopic world, mimicking 

the motion of the molecules. This and similar techniques can be used to generate 

animations of scientific character. High-end applications of this category may include 

interactive virtual reality to offer the scientist the ability to move among the molecular 

images for a closer look at fast local molecular processes.  

In this work, we design such a visualization tool for display of molecular 

dynamics. And we explain what is involved in animation of molecular dynamics 

simulation results and how this tool allows the user to interact with the simulation while 

it is running. 

2.2 Concepts in Molecular Dynamics 

It is important to know the answers to the following questions to understand  

Molecular Dynamics by answering the following: 

• What is Molecular Dynamics? 

• Why Molecular Dynamics is important? 

2.2.1 What is Molecular Dynamics? 

The study of the motions of molecules is defined as molecular dynamics. It is a 

form of computer simulation in which atoms and molecules are allowed to interact for a 

period of time by approximations of known physics. It computes the motions of 

individual molecules in models of solids, liquids, and gases of material science. But this 

simulation studies are used in the study of proteins and biomolecules [20]. And answers 

wide range of questions, for example, how does flow of fluid around an object produce a 
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turbulent wake? How do atoms on a protein molecule move together so the protein folds 

in life-supporting ways? How do individual molecules combine to form new molecules 

[5]? How do collisions of atom occur in nuclear bomb and how does it affect the 

environment [16]?  Or in terms of biochemistry, how does substrates bind to enzymes, 

antigens bind to antibodies, proteins to DNA, or how the mechanism of enzyme catalysis 

are enhanced. 

The main idea is motion, which describes how positions, velocities, and 

orientations change with time. It constitutes a motion picture that follows molecules as 

they move to and fro, twisting, turning, colliding with one another.  

First, a sample is prepared based on a model system consisting of N atoms and it 

is solved using Newton's equations of motion until the properties of the system no longer 

change with time i.e. equilibrium state is reached. After that, actual measurements are 

performed. The observable quantity is expressed as a function of the positions and 

momenta of the atoms in the system [16]. 

The best introduction to typical molecular dynamics simulation procedure as 

explained in the algorithm below: 

 

 
 
 
 
 
 
 
 
 
 

 
 

 
program md                                     simple MD program 
call init                                             initialization 
t=0 
do while  (t.lt.tmax)                         MD loop 
     call force(f, en)                           determine the forces 
     call integrate (f, en)                    integrate equations of motion 
     t = t+delt 
     call sample                                 sample averages 
   enddo 
   stop   
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And energy model is conformed to them and describes the interaction energies of 

all atoms and molecules in the system as follows:  

Energy = Stretching Energy + Bending Energy + Torsion Energy + Non-Bonded 

Interaction Energy. 

In the Newtonian interpretation of dynamics the translational motion of а 

spherical molecule i is caused by а force Fi exerted by some external agent. Тhe motion 

and the applied force are explicitly related through Newton's second law, 

 

Here m is the mass of the molecule; it is assumed to be independent of position, velocity, 

and time. Тhe acceleration is given by 

 

where ri is а vector that locates the molecule with respect to а laboratory-fixed set of 

coordinate axes, as in Figure 2-1. 
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Figure 2-1 Cartesian, laboratory fixed Reference Frame (X, Y, Z) used to define a 

position vector ri that locates i in a system 

 

The simplest and best algorithm to integrate Newton’s Equation of motion is 

called Verlet algorithm. There is another similar algorithm “Leap Frog Algorithm” [4].  

Verlet integration is a numerical method used to integrate Newton's equations of 

motion. It is used to calculate trajectories of particles in molecular dynamics simulations. 

Verlet algorithm is described using the following equation and can be summarized in 

Figure2-2. 

Integrating these infinitesimal steps yield the trajectory of the system for any 

desired time range. This is known as deterministic approach. It is a time dependent entity 

and provides magnitude of fluctuations in both positions and velocities. The time scale is 

very small. 

 

Z 

X 

Y 

atom i

ri 
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Figure 2-2 Verlet Algorithm for Equation of Motion 

 

The Verlet algorithm uses positions and accelerations at time t and the positions 

from time t-dt to calculate new positions at time t+dt. The Verlet algorithm uses no 

explicit velocities [36].  

The advantages of the Verlet algorithm are,  

i) it is straightforward, and  

ii) the storage requirements are modest.  

The disadvantage is that the algorithm is of moderate precision. 

Table 1-1 gives an overview of how small is the time scale [31]. Typical 

molecular dynamic simulations feature 102-108 atoms, over times of 10ps – 100ns. 
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r(t + Δt) = - r(t- Δt) +   2r(t) +   (f(t) /m) Δt2   + …   
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Time Scale Amplitude Description 
short femto, pico 

10-15 - 10-12s 0.001 – 0.1 Å -bond stretching, angle bending 
-constraint dihedral motion 

medium pico, nano 
10-15 - 10-12s 0.1 – 10 Å -unhindered surface side chain motion 

-loop motion, collective motion 
long nano, micro 

10-9 - 10-6s 1 – 100 Å -folding in small peptides 
-helix coil transition 

very long micro, second 
10-6 - 10-1s 10 – 100 Å -protein folding 

 
Table 2-1 Time Scale in Simulation 

2.2.2 Why Molecular Dynamics is important? 

Molecular Dynamics Simulations are carried out to understand the properties of 

molecules in order to predict their structure and to understand microscopic interactions 

between them. One can get answer to the questions such as why in hemoglobin, one 

cannot find the oxygen ‘tunnel’ leading to the heme cofactor? Or how does in G protein-

coupled receptors (GPCRs) binding in one side effects the other side or how does ‘Pack-

man’ movement work in Lyzosyme or how does Anthrax-edema factor active site gets 

exposed to ATP after binding to human calmoudin [33]. Hence, molecular dynamics 

applications are used in understanding protein folding, enzymatic catalysis, ligand 

binding, mutagenesis effect, DNA engineering and many different sciences. 

For e.g. molecular dynamics is used to calculate properties in solution. The 

molecule to be studied is surrounded by solvent molecules, as in Figure 1-4. Such explicit 

solvation treatments are especially useful when hydrogen bonding between the solute and 

the solvent plays an important role. 

Computer simulations act as a bridge between microscopic length and time scales 

and macroscopic world of the laboratory. Hence this technique can be described as 
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“virtual microscope” with high temporal and spatial resolution. Molecular dynamics lets 

scientists peer into the motion of individual atoms in a way which is not possible in 

laboratory experiments.  Hence the main aim of the molecular dynamic study is to limit 

the analysis to the phenomena that is believed to be the most important. They serve as 

detailed and improved interpretation of experimental results. This kind of study provides 

the capability to interpolate or extrapolate experimental data into regions that are difficult 

to access in the laboratory. For example, say for 100 atoms in three dimensions, a 

molecular dynamics simulation produces 600 values of positions and moment every time 

the equations of motion are integrated forward one step. The integration typically 

proceeds for thousands of steps. To grasp such a huge amount of data, the concept of a 

phase-space trajectory is used. The important objective of a molecular dynamics 

simulation is to generate molecular trajectories over a finite time. As shown in the Figure 

2-3. Further importance of molecular dynamics is in the design of bionano materials. 

They become important source of experiment on what cannot be studied experimentally. 

And finally we can obtain a movie of the interacting molecules. 

Molecule to be studied is surrounded by solvent molecules. Such explicit 

solvation treatments are especially useful when hydrogen bonding between the solute and 

the solvent is expected to play an important role. All the extra solvent atoms, however, 

greatly increase the time to do the molecular dynamics run. There is a real tradeoff 

between accuracy and computation time. As a consequence, the number of added water 

molecules is kept to a practical minimum, usually in the hundreds for small molecule 

simulations. 
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Figure 2-3 Molecular Dynamics using explicit water molecules 1,1,1-trichloethane is 

shown in the light shading. 

 
There are many tools available for carrying out molecular dynamic simulation 

such as GROMACS [9], CHARMM, NAMD [19], Abalone, ABINIT [18] and many 

more which is beyond the scope of this thesis work. 

2.3 Existing Visualization Tools for Molecular Dynamics Simulation 

A number of visualization tools have been available in the market in the field of 

molecular dynamic simulation visualization tool and to begin introducing a few are: 

• Visual Molecular Dynamics (VMD) [40] 

• gOpenMole [14] 

• UCSF Chimera [39] 

 
 

Water  
Molecule

1,1,1-trichloethane 
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2.3.1 Visual Molecular Dynamics 

Visual molecular dynamics (VMD) is such a molecular graphics program 

designed for the display and analysis of molecular assemblies, mostly in biopolymers 

such as proteins and nucleic acids. It is written in C++, using an object oriented design. It 

can display any number of structures using a wide variety of rendering styles and 

coloring methods. It provides graphical user interface for program control and text 

interface using Tcl embeddable parser. It can also animate molecular dynamics 

simulation trajectories [40]. 

 

Figure 2-4 Views of the crystal structure of ice (a-c) and a view of liquid water (d). 

 
The following is the description of the crystal structure from ice to water: 

a) Along the c-axis of the lattice (showing the basal plane) with all 3 equivalent 

a-axes in the plane of the page and the c-axis coming out of the page 
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b) With an a-axis running left to right (showing the primary prism plane) 

c) Along an a-axis 

d) Liquid water at 300 K 

2.3.2 gOpenMol 

gOpenMol is an open source tool for the visualization and analysis of molecular 

structures and their chemical properties. This program uses Tcl/Tk scripting engine and is 

extensible to Linux and Windows. It is implemented using SGL OpenGL graphics 

libraries. Visualization capabilities include displays as a stick, licorice, ball-and-stick, cpk, 

ball-and-stick with molecule parts colored with selected colors, licorice and cpk, licorice 

in stereo. It can also display with rendering different colors for helical protein structure. 

Atomic density can be displayed in orbit, connolly surface or cut plane along X, Y and Z 

axis. Animation also includes travel of molecules in X, Y and Z planes [14]. 

2.3.3 USCF Chimera 

USCF Chimera based on Python Programming language. UCSF Chimera (or 

simply Chimera) is an extensible program for interactive visualization and analysis of 

molecular structures and related data, including density maps, supramolecular assemblies, 

sequence alignments, docking results, trajectories, and conformational ensembles. High-

quality images and movies can be created [39]. 
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2.4 Goals of Visualization Tool 

Increasing molecular dynamic simulations has resulted in increasing need for 

computational tools for molecular visualization and analysis. Several graphical display 

tool for static molecular structures are available such as RIBBONS, XMol, MIDAS, 

SETOR, GRASP, and others. However results of molecular dynamic studies are typically 

large molecular trajectory files, which represent substantial amounts of dynamical data 

that require suitable visualization tools, e.g. to display sequences of structures.  

In our work, we have tried to develop such an interactive graphical display of molecular 

systems, in particular biopolymers such as proteins or nucleic acids. The motivation for 

the development of such a tool is to aid the researchers in this particular field.  

In this paper we discuss about our effort to prepare such a Visualization tool implemented 

using openGL graphic libraries to convert large simulated molecular dynamics data into 

graphical display in 3-D and 2-D display, animation of the molecules which include 

rotation of the atoms along X, Y and Z axis. The molecules and their motion across 

frames can be studied too. Hence we worked on spatial and temporal display of the 

molecules. 

The main aim of preparing the Visualization tool is to equip the scientists where they can 

analyze and study different atoms and their interactions and carry out in-depth analysis. 

• Allow users to specify frame ranges, sampling ratio, x-y, x-z, or y-z plane. 

• Provide function to allow consecutive playing of the frames 

• Provide function to load a specific frame 
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• Allow users to specify showing atoms as dots (different colors) or showing 

atoms as IDs  

• Provide function to show locations of specific atoms across number of frames 

• Provide function to show trails of specific atoms across number of frames 

• Provide function to find atoms sharing similar movements  

• Provide 3-D visualization of the frames 

2.5 Examples of Molecular Dynamics 

In the paper from D. C. Rapaport [5, 6] discusses about the importance of 

computer simulation and animation related to molecular dynamic studies. It focuses on 

increased computational capability, supercomputers and parallelization along with more 

tools to support graphics. The limitations of C or C++ programming and new graphic 

aided libraries such as OpenGL and other platforms are available. It also provide some 

guidelines on the need of interface and what kind of things to be supported by animation. 

The following examples are taken from this report for reference. 

• Thermal Convection 

• Polymer Dynamics 

• Supramolecular Assembly 

2.5.1 Thermal Convection 

Molecular dynamics methods can be used to model Rayleigh-Benard convection 

at the atomistic level. This example shows the streamlines that appear in a system with 
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over 3 million soft-sphere particles driven by a vertical temperature gradient. Here is an 

animated sequence as in Figure 2-5. 

 

 

Figure 2-5 Thermal Convection 

2.5.2 Polymer Dynamics 

Molecular dynamics is the only means available for simulating the dynamics of 

polymer folding and polymer fluids. This example shows the kind of entanglement that 

already appears for just a single chain (with excluded volume). Here is a short animation  

sequence showing the dynamics as in Figure 2-6. 

 

 

Figure 2-6 Polymer Dynamics 
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2.5.3 Supramolecular Dynamics 

There are many important examples in nature of molecules spontaneously 

assembling to form higher-order structures. This image shows a step in a molecular 

dynamics simulation of the assembly of T=1 virus capsids (each formed from 60 

trapezoidal capsomer elements); only completed shells are shown. Here is an animation 

sequence, with monomers omitted for clarity. 

 

 

Figure 2-7 Supramolecular Dynamics 

2.6 Benefits of Visualization Tool 

The benefits of Visualization tool is far reaching. The experts can visualize the 

movement of the atoms, their interactions, the trail of the atoms and patterns from the 

given simulation results. This kind of visualization is the imitation of the real microscopic 

world which is not possible through the naked eyes. Understanding of the subject and 

experiments is better comprehended using such tools. 
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By using the visualization tools, the experts (such as biochemists) can better 

understand the molecular structure of the catalyst, solvents, or solid, liquid or gaseous 

material, their behavior and predict their functionalities say like, how does catalyst act in 

a particular solvent, or how does DNA molecules combine, or how does oxygen 

tunneling take place.  

Notice that due to the large volumes and large number of atoms, it would be 

impossible to gain such understanding without a visualization tool. The broad temporal 

and spatial space available to the experts through the visualization tool, which infact is 

very narrow, gives broader perspective of the system.   

2.7 Summary 

In this chapter, we explained the current visualization tools available and their 

platform. Then we explained the goals of such a visualization tool and its benefits [5].  

• Computations are carried out in real-time; problems range from basic 

pedagogical to state-of-art research. 

• Animated graphics is the output medium; methods range from line images to 

3D shaded renditions. 

• A graphical user interface (GUI) is used to control the computation and 

determine display content. 

• The result: a highly enriched environment for demonstration and exploration.
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CHAPTER 3 

A FRAMEWORK FOR VISUALIZATION TOOL FOR MOLECULAR 

DYNAMICS 

A model must be wrong, in some respects, else it would be the thing itself. The trick is to 
see where it is right. 

     -Henry A.Bent 

3.1 Introduction 

This section presents a framework for the Visualization tool. In the previous 

section we defined the goals of the Visualization tool. In this section we discuss the 

components of the Visualization tool and explain each component keeping in focus the 

goals of the tool.  

We focus on improving the efficiency of the tool and saving in time while running 

the tool online. There are three aspects of the tool. One is offline conversion of the data 

file from text to binary. This helps in improving the tool efficiency and time of the 

researcher. Second aspect is the online working of the tool and display of the results. 

Third aspect of the tool is animation of the displayed data and necessary interface to go 

back to the main interface and exiting the program. 
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3.2 A Road Map of the Visualization Tool 

The following is the Road Map of the Visualization Tool with the following components. 

There is the main window as the user interface. The user will have the following options 

to view the Atom Trail or Atoms in 2-D or 3-D graphics. Each component is explained 

individually in the framework. 

 
 
 

Figure 3-1 A Roadmap of the Visualization Tool
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3.3 Visualization Framework 

In this section we discuss about the framework and explain each component of the 

framework. Figure 3-2 represents the basic framework of the Visualization tool. There 

are five main components. 

• Text to Binary Tool Utility 

• User Interface 

• Display in 2-D and Display in 3-D 

• Return to Main Menu 
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Figure 3-2 A framework for the Visualization Tool 
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3.3.1 TextToBinary Utility Tool 

In order to generate input data for the visualization tool, a utility called 

TextToBinaryTool is created. The TextToBinaryTool utility takes the text data file as 

input and creates the binary data file. This is necessary for parsing the text data file 

offline so that the visualization tool does not have to do it. If the visualization tool is left 

with the task of parsing the text data file, the performance of the tool is severely affected. 

It takes a long time to display the data and moving from one frame to data to another is 

very slow. Also displaying atom trail would become almost impossible as the entire data 

file has to be read to display the atom trail across all the frames. The TextToBinaryTool 

utility converts the text data file into a binary file. The visualization tool reads the binary 

file and reading binary file is much more efficient than reading text file. It enables the 

visualization tool to perform very fast and display the data without any lag. 

The TextToBinaryTool utility takes the text file as input and creates a binary file 

out of it. It writes to binary file only the data that is useful to the visualization tool. The 

utility also writes specific headers to the binary file that enables the visualization tool to 

perform faster. The utility write the file header in the binary file that consists of the total 

number of frames and minimum and maximum range of the (x, y, z) positions of all the 

atoms in all the frames in the data file. The visualization tool no longer has to parse the 

entire file to figure out this information. The utility provides this information as a file 

header and the visualization tool can just read it from the binary file. The utility also 

writes a frame header on top of every frame data. This frame header consists of the frame 

number and number of atoms in the frame. The visualization tool reads this information 

and does not have to parse the entire frame to get this information. 
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The utility is a command line utility with no GUI. The following is the usage and as show 

in Figure 3-3: 

 

Figure 3-3 TextToBinary Utility 

3.3.2 User-Interface 

The following GUI is presented to the user on running the tool. This is the main 

interface that the user is presented with as in Figure 3-4. 

The following is the functionality provided by the visualization tool. The 

functionality is discussed by taking each item on the UI and discussing what it enables 

the user to configure. 

• FileName 

The user can enter the input file name in the edit box. The Browse button 

can also be used to browse to the input file and select it. The file name has to be 

of the binary file generated by the TextToBinaryTool utility. Any other file 

selected will result in error condition. 

Usage: 
TextToBinaryTool                         SOURCETEXTFILE 
DESTINATIONBINARYFILE 
SOURCETEXTFILE                     Source text file name 
DESTINATIONBINARYFILE     Destination binary file name 
 
Eg. TextToBinaryTool md_16frames.txt md_16frames.bin 
Where md_16frames.txt is the input data file in text format and 
md_16frames.bin is the output binary file created by the utility 
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Figure 3-4 Visualization Tool Main Dialog Box 

 
• Sampling Rate 

The user can enter any value between 1 to 100 in the edit box. This value 

is in percentage and the value entered suggests that the user wants the tool to 

display that much percent of the entire data in a specific frame. The lesser the 

sampling rate set by the user the better the user will be able to view the atoms as 

there will be fewer atoms displayed. More sampling rate means more atoms 

displayed resulting in atoms being displayed overlapped on each other 

• Frame Range Start 

The user can enter the frame range start value in the edit box. The value 

would indicate that the user wants to display data starting from that frame. This 

value should be less than the Frame Range End value discussed next. 
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• Frame Range End 

The user can enter the frame range end value in the edit box. The value would 

indicate that the user wants to display data until that frame. This value should be 

more than the Frame Range Start value and less than or equal to the total number 

of frames in the data file. 

• Dimension 

The user can select 3D or 2D data display using this control. If the user selects 

3D control, the data is displayed in 3D format. If the user selects 2D control, the 

user has 3 options to display the data. Each atom in the data file contains the atom 

position in the (x,y,z) format. If the user selects XY, x data values are displayed 

along the X axis and y data values are displayed along the Y axis. If the user 

selects XZ, x data values are displayed along the X axis and z data values are 

displayed along the Y axis. If the user selects YZ, z data values are displayed 

along the X axis and y data values are displayed along the Y axis. 

• Atom Trail 

If the Atom trail only check box is checked, then the atom trail across all the 

frames of the selected atoms is displayed. 

• Atom ID 

The user can enter the atom ids of the atoms for which the atom trail is to be 

seen. The user can enter here 1 or more atom IDs. If the user enters multiple atom 

IDs, the trail for all those atoms is displayed. Multiple atom Ids can be entered 

separated by a comma or and in [] brackets. 

Example: 1, 8, 12, [14-18], 33 
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This should select 1, 8, 12, 14, 15, 16, 17, 18, 33 atoms for displaying atom trail 

• Play 

The play button is used to display the data. All the settings are read and the 

data is displayed based on these settings. Hitting the Play button will open another 

window that will display the data. 

3.3.3 Display Window 

If 3D control is selected, the window that opens up looks like as in Figure 3-5: 

 

 
 

Figure 3-5 Visualization Tool 3-D View 

 
The 3D data is displayed in a unit cube.  The user is displayed the information 

about what data is currently being displayed like current frame number, current sampling 
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data being displayed and current6 atom IDs being displayed. Here the users have multiple 

options to interact with the data displayed. The user can press Enter key to display more 

data in the same frame. The user can press -> key to display data from the next frame. 

The user can press and hold x key to rotate the data along the X axis. The user can press 

and hold y key to rotate the data along the Y axis. The user can press and hold z key to 

rotate the data along the Z axis. The user can close the window to return to the main 

interface. 

If 2D is selected along with XY then the following window is displayed to the 

user as in Figure 3-6: 

 

Figure 3-6 Visualization Tool 2D View along XY plane 

 
The 2D data is displayed. The x values are represented on the X axis and the y 

values are represented on the Y axis. The Z values for the atoms are not used. The user is 
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displayed the information about what data is currently being displayed like current frame 

number, current sampling data being displayed and current6 atom IDs being displayed. 

Again here the user has multiple options to interact with the data displayed. The user can 

press Enter key to display more data in the same frame. The user can press -> key to 

display data from the next frame. 

If 2D is selected along with XZ then the following window is displayed to the 

user as in Figure 3-7: 

 

Figure 3-7 Visualization Tool 2D View along XZ plane 

 

The 2D data is displayed. The x values are represented on the X axis and the z 

values are represented on the Y axis. The Y values for the atoms are not used. The user is 

displayed the information about what data is currently being displayed like current frame 
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number, current sampling data being displayed and current6 atom IDs being displayed. 

Again here the user have multiple options to interact with the data displayed. The user 

can press Enter key to display more data in the same frame. The user can press -> key to 

display data from the next frame. 

If 2D is selected along with YZ then the following window is displayed to the 

user as in Figure 3-8: 

 

Figure 3-8 Visualization Tool 2D View along YZ plane 

 
The 2D data is displayed. The z values are represented on the X axis and the y 

values are represented on the Y axis. The X values for the atoms are not used. The user is 

displayed the information about what data is currently being displayed like current frame 

number, current sampling data being displayed and current6 atom IDs being displayed. 

Again here the user has multiple options to interact with the data displayed. The user can 
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press Enter key to display more data in the same frame. The user can press -> key to 

display data from the next frame. 

If the atom trail is selected then the following window shows the data displayed as in 

Figure 3-9. 

 

Figure 3-9 Visualization Tool Atom Trail 

 
The user is presented with information like current atom id trail displayed. The user can 

press and hold the x key to rotate along X axis. The user can press and hold the y key to 

rotate along Y axis. The user can press and hold the z key to rotate along Z axis. The user 

can press -> key to display the atom trail for the next atom ID. The user can close the 

window to return to the main interface. 
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3.3.4 Return to Main Interface 

In order to return to the main interface, if user hits the ESC key on the display window, 

the control is returned to the main interface. Here, the user can again change the input 

parameters and other query can be generated. When the user hits the play tab, the new 

display will appear in the display window based on new parameters. 

The user can hit the close tab to exit from the main program. 

3.4 Key Challenges faced in designing the Visualization Tool 

3.4.1 Frame data reading from file too slow 

The visualization tool took a long time (in excess of 20 minutes for 16 frame data) 

to read data. This was a serious user interface issue. The large amount of time was due to 

the data file being in text format. It takes long time to read data in text mode and parse 

and store it in data structures used in the tool. This problem was fixed by developing a 

Text to Binary conversion utility. This utility parsed the text data file offline and created 

binary format file. The tool reads the binary file and the performance is improved greatly. 

Now there is no lag in reading the data from the binary file. 

3.4.2 Rendering frame data too slow 

When the file was being read in the text format, it took more than 2 minutes to 

read the frame to be displayed data. So displaying a particular frame took more than 2 

minutes. The user had to wait for almost 2 minutes for moving from frame to another. 

This problem was resolved by the Text to Binary conversion utility. Now as the data is 
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read from the file in binary format, it takes a couple of seconds to read 1 frame data. 

Hence moving from one frame to another is almost instantaneous. 

3.4.3 Runtime memory usage too large 

Each frame consists of almost 300000 atoms. Each atom consists of 8 data fields 

that can take upto 32 bytes of memory. So 300000 atoms would take around 10MB i.e. 

every frame data takes around 10MB of memory. Since reading of a frame data in text 

mode on the fly was taking a long time, we had to read all frame data in advance. This 

would have taken 160MB for a data file of 16 frames. This was making the tool very 

memory intensive. This problem got resolved because of the binary file created. Since 

reading data from the binary file for a particular frame takes only around couple of 

seconds there is no need to read data in advance. Only the frame for which data is to be 

displayed is read. So at any particular time, only 1 frame data is stored in memory. This 

makes the tool very memory efficient. 

3.4.4 Scalability of the tool 

It took around 20 minutes just to read a text data file of 16 frames. If the data file 

is of 256 frames then it would have taken 20*16=320 minutes. It clearly shows that the 

tool was not scalable to larger data files. Also as the data file contained more and more 

frames, it would have taken more and more memory to read all the frame data in advance. 

This problem was solved by using the binary files. Now it has no lag for displaying the 

data and has only a lag of around 2 minutes even for a 256 frames data for showing atom 
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trail. Also regardless of the number of frames in the data file, the tool only keeps 1 frame 

data in the memory. 

3.4.5 Displaying 3D visualization of data:  

Displaying the data in 3D was a challenge. This problem was resolved using 

OpenGL and GLUT libraries. OpenGL is a low-level graphics library specification. It 

provides a small set of geometric primitives - points, lines, polygons, images, and 

bitmaps. It also provides a set of commands that allow the specification of geometric 

objects in two or three dimensions, using the provided primitives, together with 

commands that control how these objects are rendered (drawn).  

Since OpenGL has some limitations, the OpenGL Utility Toolkit (GLUT) has 

been created to aid in the development of more complicated three-dimensional objects 

such as a sphere, a torus, and even a teapot. OpenGL Utility Toolkit (GLUT) is written 

by Mark Kilgard, to hide the complexities of differing window APIs [30]. 

GLUT simplifies the implementation of programs using OpenGL rendering. The GLUT 

application programming interface (API) requires very few routines to display a graphics 

scene rendered using OpenGL. The GLUT routines also take relatively few parameters.  

Microsoft Foundation Classes (MFC) gives the ability to quickly and easily make GUI 

applications that can run on OpenGL code. It also comes with collections classes that are 

used to hold 3D objects [26].  

Figure 3-2 explains series of processing stages for rendering a frame in openGL 

[30]. Geometric data (vertices, line, and polygons) follow a path through the row of 

boxes that includes evaluators and per-vertex operations, while pixel data (pixels, images 
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and bitmaps) are treated differently for part of the process. Both types of data undergo the 

same final step (Rasterization) before the final pixel data is written to the frame buffer. 

● Display Lists: When a display list is executed for geometric or pixel data, the 

retained data is sent as if it were sent by the application in immediate mode.  

● Evaluators: All geometric primitives are described by vertices. Evaluators 

provide a polynomial mapping method to represent the surface normal, colors, 

and spatial coordinate values from the control points.  

● Per-Vertex and Primitive Assembly: For vertex data, the next step converts the 

vertices into primitives. Some types of vertex data are transformed by 4x4 

floating-point matrices. Spatial coordinates are projected from a position in the 

3D world to a position on the screen. In some cases, this is followed by 

perspective division, which makes distant geometric objects appear smaller than 

closer objects. Then viewpoint and depth operations are applied. The results at 

this point are geometric primitives, which are transformed with related color and 

depth values and guidelines for the rasterization step.  

● Pixel Operations: Pixels from an array in system memory are first unpacked 

form one of a variety of formats into the proper number of components. Next the 

data is scaled, biased, processed by a pixel map, and sent to the rasterization step. 

● Rasterization: Rasterization is the conversion of both geometric and pixel data 

into fragments. Each fragment square corresponds to a pixel in the framebuffer. 

Line width, point size, shading model, and coverage calculations to support 

antialiasing are taken into consideration as vertices are connected into lines or the 

interior pixels are calculated for a filled polygon. Color and depth values are 
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assigned for each fragment square. The processed fragment is then drawn into the 

appropriate buffer, where it has finally advanced to be a pixel and achieved its 

final resting place. 

                

Figure 3-10 OpenGL Implementation and Rendering Pipeline 

The above figure is taken from reference [30] on Rendering Pipeline for OpenGL. 

3.4.6 Returning to main interface after displaying data 

GLUT library is used to display data. Due to limitation of the glutMainLoop() call, 

it was imposible to return to the main interface. Closing the window that displayed the 

data was closing the main interface window as well. This was because glutMainLoop() 
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never returns. It had a exit() in its code and hence closing the window was terminating 

the entire program. This problem was resolved by adding a new functionality to the ESC 

key. When the ESC key is pressed, the current data display window is destroyed using 

the glutDestroyWindow() call and the user would return to the main interface. The side 

effect of the solution was that the process compression.exe was left behind in the system 

even after exiting the program. This was resolved by introducing an ExitProcess() call 

while closing the main interface. 

3.5 Tool Performance 

Data file contain 17 frames. Each frame contains around 300,000 atoms. Original 

text data file size 330 MB. File size after converting to binary format ~76 MB. Average 

run time for rendering first frame is ~2 seconds. Average run time for moving from one 

frame to another is ~2 seconds. Run time display more data from the same frame is ~1 

second. Average run time for displaying an atom trail is ~5 seconds. Average run time to 

convert text file into binary file is ~11 minutes. 

Sr 
No 

Performance criteria Evaluation 

1 Original text data file size: 330MB Binary format data file size: 76MB 

2 Average run time to convert text file 
into binary file 

11 minutes 

3 Average run time for rendering first 
frame 

2 seconds 

4 Average run time for moving from 
one frame to another 

2 seconds 

5 Run time display more data from the 
same frame 

1 seconds 

 

Table 3-1 Performance of the Visualization Tool 
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Table 3-2 gives the analysis of different sampling rate vs performance and memory 

usage. As we are storing the entire frame data in the memory, for various sampling rate 

the display time is almost same with little difference in memory usages.  

Sr 
No 

Sampling Rate (%) Performance in term 
of display time (s) 

Memory Usage (KB) 

1 1 ~1 38,200 

2 5 ~1 38,904 

3 10 ~1 39,088 

4 20 ~1 39,352 

5 30 ~1 39,444 

6 40 ~1 39,772 

7 50 ~1 40,108 

8 75 ~1 40,916 

9 100 ~1 41,800 

 

Table 3-2 Sampling Rate vs Display Speed vs Memory Usage 
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3.6 Summary 

In this section we defined the framework of the visualization tool. We identified 

the components of the tool and defined each of the components in detail. We discussed 

various challenges we faced during the preparation of this tool and we also explained the 

solutions or how we addressed those challenges. We also provided the performance 

criteria of the tool based on the attributes and summarized it in the form of the table. 
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CHAPTER 4 

IMPLEMENTATION OF THE VISUALIZATION TOOL 

Instead of choosing configurations randomly, then weighting them with exp(−E/kT), we 
choose configurations with a probability exp(−E/kT) and weight them evenly. 

- Metropolis et al. 

4.1 Objective of the Visualization Tool 

In this section we discuss about the design and implementation of the 

visualization tool. This chapter describes the functional details of the visualization tool 

and the Text to Binary conversion utility.  

4.2  Scope of the Visualization Tool 

The visualization tool is basically developed to enable the user to visualize the 

molecular data files. This tool is not concerned about where the molecular data is coming 

from or how is it being generated. The tool also does not try to figure out if the molecular 

data that is provided to it as an input is correct or not. The tool assumes that it will be 

provided with the data and its responsibility would be to just display the data. The tool 

expects the data file to be in specific format and any deviance from the standard format 

would result in the tool not able to recognize the input and not show any data 

visualization. The tool will have the ability to display the data in both 2D and 3D. 
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4.3 Overview of the Visualization Tool 

There are many visualization tools already available that have specific 

functionalities. But there are some limitations of these tools. Some tools do not handle 

large amount of data; some tools are not memory efficient; some tools are slow and some 

tools have very specific functionality. The purpose of developing this tool is:  

(1) Provide specific functionality to view large amount of molecular data  

(2) Have functionality to display data in both 2D and 3D format  

(3) Provide functionality to let the user select the amount of data (sample rate) to 

be displayed  

(4) To let the user choose the frames for which to display the data  

(5) Provide an interactive tool to go from data from one frame to another  

(6) Display specific atom trails across all the frames in the data file  

(7) Provide all the functionality with an acceptable performance as far as speed 

and memory consumption is concerned. 

4.4 Design and Implementation 

4.4.1 TextToBinary Utility 

This command line utility is used to convert the molecular simulation data file in text 

format to binary format. The binary output file generated is used as an input file to the 

Visualization tool. 
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4.4.2 Data Structure Used 

 
 

Figure 4-1 Data Structure of the atom 

 

//File header structure to be written as the first line in the binary file 
//The binary file will contain only one header 
struct HEADER 
{ 

int noOfFrames; 
float rangeStartX; 
float rangeStartY; 
float rangeStartZ; 
float rangeEndX; 
float rangeEndY; 
float rangeEndZ; 

} 
 
//Frame head structure to be written as the first line for every frame data 
//This frame head will be followed by the atom data for that frame 
struct FRAME 
{  

int frameNo; 
int noOfAtoms; 

} 
 
//Frame atom data structure to be written for each atom data 
struct ATOM 
{ 

long atomID; 
float xPos; 
float yPos; 
float zPos; 

} 
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Code Logic for the above data Structure: 

• The input text file name and output binary file name are read from the 

command line arguments. If these values are not supplied, the user is shown the 

Usage details. 

• The input text file is opened in read mode. If there is an error in opening 

the file, the user is shown the error message. 

• The destination file is opened in the binary write mode. 

• A fake file header is written to the binary file. This header will be updated 

with the correct information later on when the information is available. The file 

header consists of number of frames and the minimum and maximum values for 

x,y and z coordinates for all the atoms in all the frames. 

• The text file is read one line at a time and if a frame header is encountered 

then the frame header is written to the binary file. The frame header consists of 

the frame number and the number of atoms in the frame. 

• Once the frame header is written, all the atoms are read from the text file 

and written to the binary file. While writing to the binary file only the atom ID 

and x,y,z coordinates are written. 

• Once the entire text file is read and written to binary file, the file header is 

updated with the correct information(number of frames and the minimum and 

maximum values for x,y and z coordinates) 

• Both the input and output files are closed. 
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4.4.3 Visualization Tool 

The visualization tool is implemented using the following technologies: OpenGL, GLUT, 

MFC. It is a windows application that uses MFC mostly for UI code.  

When the tool is run, the user is presented with a dialog box that is capable of taking all 

user inputs. The input values are stored appropriately using the following functions: 

                                    

Figure 4-2 Functions to store Input Values 

The OnBnClickedButtonPlay() is the main function that controls the behavior of the 

tool. This function is called when the user has inputted all the values and pressed the Play 

button.  

OnBnClickedButtonPlay function logic: 

• First the check is made to see if the atom trail is enabled. If it is enabled then the 

atom ID field is parsed. The atom ID filed contains the values for all the atoms for 

which the user wants to display the trail. 

• The header from the binary file is read 

OnEnChangeEditSampling 
OnEnChangeEditfilename 
OnEnChangeEditframerangestart 
OnEnChangeEditframerangeend 
OnBnClickedButtonFileBrowse 
OnBnClickedRadio3d 
OnBnClickedRadio2d 
OnBnClickedRadioXy 
OnBnClickedRadioXz 
OnBnClickedRadioYz 
OnBnClickedCheckTrail 
OnBnClickedButtonPlay 
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• The data is read from the binary file for the current frame to be displayed and it is 

stored. 

• The data is then processed so that it fits in unit cube and is centered 

• Since the program uses GLUT, glut is initialized 

• Glut callback functions for display, keyboard and special keyboard handling are 

setup. 

• OpenGL is then enabled and the GLUT main loop is started. 

The entire core of the program involved in displaying data to the user is performed by the 

MFCOpenGL class. The class is defined as follows: 
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Figure 4-3 MFCOpenGL Public Class 

 
 

class MFCOpenGL 
{ 
public: 

MFCOpenGL(void); 
~MFCOpenGL(void); 
void display(void); 
void resize(int w, int h); 
void glutInit(void); 
void keyboard(unsigned char key, int x, int y); 
void special(int key, int x, int y); 
void setSamplingRate(int samplingRate); 
void setFilename(char  file[]);     
void readAndStoreAtoms(int frameToDisplay);      
void readFileHeader() 
void displayAtoms(); 
void init2D(); 
bool is3Dim();  
bool isAtomTrail(); 
void setFrameRangeStart(int start); 
void setFrameRangeEnd(int end); 
void setDimension(bool dim); 
void setAxis(int axesType); 
void setAtomTrail(bool isEnabled); 
bool getAtomTrail(void); 
void setAtomTrailId(long atomIds[], int count); 
void readAndStoreAtoms_trail(); 
void displayAtoms_trail(); 
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Figure 4-4 MFCOpenGL Private Class and MYATOM Structure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

private:     
bool isAtomTrailEnabled; 
long atomTrailIds[1000]; 
int noOfAtomTrails; 
bool is3D; 
int axis2D;   //XY = 0 XZ = 1 YZ = 2 
int samplingRate; 
char fileName[80]; 
int frameRangeStart; 
int frameRangeEnd;     
int currentFrameToDisplay; 
int indexIntoData; 
int noOfFrames; 
int currentAtomTrail; 

     
//Structure to hold each ATOM data  

typedef struct atomdata 
      { 
        int frameNo; 
        long atomID; 
        int atom_type; 
        float xPos; 
        float yPos; 
        float zPos; 
        float charge; 
        float mass; 
      }MYATOM; 
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Figure 4-5 Various Structure involved in design 

 
 
 
 
 
 
 
 

//Structure for storing just the atom positions. This is used for displaying the atom 
data 
typedef struct atompos 
{ 

float xPos; 
float yPos; 
float zPos; 

 }ATOMPOS; 
 
//Structure used to store atom data for showing the atom trails across all the frames 
typedef struct atomtrail 
{  

MYATOM a[1000];//Cannot allow more than 1000 atoms  for each frame 
displayed 

}MYATOMTRAIL; 
//Structure to hold each Frame data 

typedef struct framedata 
 { 

int noOfAtoms;   // Total no. of atoms in the frame 
MYATOM a[MAXNOOFATOMS]; 

  }MYFRAME; 
 
//Header structure read from the binary file 
typedef struct headerfile 
{ 

int noOfFrames; 
float rangeStartX;  
float rangeStartY; 
float rangeStartZ; 
float rangeEndX;  
float rangeEndY;  
float rangeEndZ;  

}HEADERFROMFILE; 
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Figure 4-6 Code for the Visualization Tool 

//FRAME structure read for each frame from the binary file 
typedef struct framefile 
{ 

int frameNo; 
int noOfAtoms; 

}FRAMEFROMFILE; 
 
//ATOM structure read for each atom from the binary file 
typedef struct atomfile 
{ 

long atomID; 
float xPos; 
float yPos; 
float zPos; 

}ATOMFROMFILE; 
 
HEADERFROMFILE fileheader; 
FRAMEFROMFILE fileframe; 
ATOMFROMFILE fileatom;     
ATOMPOS position[MAXNOOFATOMS]; 
MYFRAME f; 
MYATOMTRAIL t[MAXNOOFFRAMES]; 
 
// These variables store the min and max positions of all the atoms across  
all the frames 
//This data is read from the header structure in the binary file 

float rangeStartX;  
float rangeStartY; 
float rangeStartZ; 
float rangeEndX;  
float rangeEndY;  
float rangeEndZ;  
float maxNum(float x, float y); 
void renderText(void);  
void renderText_trail(void); 
void drawAxes(void);  
void displayAxesText(void); 
void renderBitmapString(float x, float y, void *font, char *string); 
void drawAxes2D(int axisType);  
bool atomFound(long id); 

}; 
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Let’s discuss all the function implementation one by one: 

• MFCOpenGL(void): 

This is the class constructor. All the variables in the class are initialized 

here. They are assigned the default values. 

• ~MFCOpenGL(void): 

This is the class destructor. The binary file opened is closed here. 

• void display(void): 

This is the openGL callback function for display. It takes no inputs and 

has no outputs. It is event driven and is called to display the data. If the atom 

trail is enabled, then the data is displayed in 3D across all the frames for the 

current atom ID for which the trail is to be displayed. If atom trail is not 

enabled but 3D is enabled then the data is displayed in 3D for the current 

frame. Based on the sampling rate only that much data is displayed. All the 

data is already stored in the position array by displayAtoms function. Then the 

axis is drawn and the text is displayed. 

If 2D is selected then based on XY, XZ or YZ, the data is displayed in 

2D. Also the axes is drawn and the text is also displayed. 

• void resize(int w, int h): 

Inputs: 

w – new width of the window 

h – new height of the window 

This is the openGL callback function for resize. It is called when the display 

window is resized. The data is adjusted accordingly. 
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• void glutInit(void): 

This function initializes the glut display mode. It takes no input and has no 

outputs. 

• void keyboard(unsigned char key, int x, int y): 

Inputs: 

key – the key pressed by the user 

x – the x coordinate of the mouse position when the key was pressed 

y - the y coordinate of the mouse position when the key was pressed 

This is the openGL callback function for keyboard. It is event driven and 

called when the user presses a key. 4 keys are handled in this function. 

• Enter key:  

This key is used only when atom trail is disabled. When pressed, next set 

of data is displayed from the current frame. If there is no more data in the current 

frame, the user is notified of the same. 

x key: When pressed, the data is rotated along the X axis. 

y key: When pressed, the data is rotated along the Y axis. 

z key: When pressed, the data is rotated along the Z axis. 

• void special(int key, int x, int y): 

Input: 

key – the key pressed by the user 

x – the x coordinate of the mouse position when the key was pressed 

y - the y coordinate of the mouse position when the key was pressed 
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This is the openGL callback function for special keys. It is event driven 

and called when the user presses a special key. Only 1 key is handled in this 

function. 

The right arrow key(->): In case atom trail is enabled, pressing this key 

will display the atom trail for the next atom ID. If there are no more trails, the 

user will be notified of the same. In case atom trail is disabled, pressing this 

key will display data from the next frame. If there are no more frames, the 

user will be notified of the same. 

• void setSamplingRate(int samplingRate): 

Input: 

samplingRate: The sampling rate to be used while displaying the data. 

This function sets the variable used for storing the sampling rate. 

• void setFilename(char  file[]): 

Input: 

file: the input binary file name that contains the data 

This function sets the variable used for storing the file name. 

• void readAndStoreAtoms(int frameToDisplay): 

Input: 

frameToDisplay – frame number for which data needs to be displayed 

If atom trail is enabled, readAndStoreAtoms_trail() is called. Otherwise, data 

is read for the current frame and stored in the MTFRAME stucture. 

• void readFileHeader(): 
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Open the input binary file and readthe header from the file and store in the 

HEADERFROMFILE structure. 

• void displayAtoms(): 

If atom trail is enabled, displayAtoms_trail() is called. Otherwise, the data 

is translated so that it is centered and the data is scaled so that it fits in unit 

cube. This data is then stored in the position array. 

• void init2D(): 

This function initializes OpenGL for 2D display. It sets up the viewing 

window with origin at the lower left. It also determines an amount margin by 

which it would be appropraite to spread the data range so that all the data is 

comfortably inside the viewing area. 

• bool is3Dim(): 

Output: true if 3D data display is selected; false otherwise 

This function returns true if 3D data display is selected; false otherwise 

• bool isAtomTrail(): 

Output: true if atom trail display is selected; false otherwise 

This function returns true if atom trail display is selected; false otherwise 

• void setFrameRangeStart(int start): 

Input: 

Start – frame range start value 

This function sets the variable used for storing frame range start value. 

• void setFrameRangeEnd(int end): 

Input: 
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end – frame range end value 

This function sets the variable used for storing frame range end value. 

• void setDimension(bool dim): 

Input: 

dim – dimension value 

This function sets the dimension value. 3D if true; 2D otherwise. 

• void setAxis(int axesType): 

Input: 

axesType – XY-0, XZ-1, YZ-2 

This function sets the variable used for storing the 2D axis type i.e. which one 

of XY or XZ or YZ is selected. 

• void setAtomTrail(bool isEnabled): 

Input: 

isEnabled – true is atom trail is enabled; false otherwise 

This function sets the variable used for storing whether atom trail is enabled 

or not. 

• bool getAtomTrail(void): 

Output: true if atom trail in enabled; false otherwise 

This function returns true if atom trail is enabled; false otherwise. 

• void setAtomTrailId(long atomIds[], int count): 

Input: 

atomIds – list of atom Ids for which trail needs to be displayed 

count – number of atom Ids in the list 
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This function sets the variables for storing the number of atom Id trails to 

be displayed and also the list of those atom Ids. 

• void readAndStoreAtoms_trail(): 

This function reads the entire binary data file and stores the data in the 

MYATOMTRAIL array of structures. 

• void displayAtoms_trail(): 

This function is used only while displaying atom trails. It translates the 

data so it is centered and also scales the data so that it fits in unit cube. This data 

is then used for displaying the atom trail in 3D.  

4.5 Summary 

In this chapter we discussed about the design and implementation of the Visualization 

tool. We talked about the objectives, scope of the tool, functional capabilities of the tool. 
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CHAPTER 5 

CONCLUSION AND SUMMARY 

When the Los Alamos MANIAC became operational in March 1952, Metropolis was 
interested in having as broad a spectrum of problems as possible tried on the machine, in 
order to evaluate its logical structure and demonstrate the capabilities of the machine. 

- W. W. Wood. 

5.1 Research Summary 

“Seeing is believing”. Visualization is an important for validating new models 

created by scientists. When the model evolves over time, computer simulation is used to 

obtain the evolution of time in form of molecular dynamic simulation, and computer 

animation is a natural way of visualizing the results obtained from the simulation. This 

helps scientists to better understand various phenomena evolving in space and in time.  

Visualization tool helps to understand physical laws by adding motion control to 

data in order to show their evolution over time.   

In our thesis we designed a visualization tool on openGL/GLUT and MFC 

libraries for high end graphic support. The tool uses the results of simulation studies and 

converts the data in binary format. This feature is provided offline, so the user can keep 

the data in binary format before playing the tool. This saves a lot of time for reading, 

parsing and storing the information on the fly. This improves the efficiency of the tool 

and saves the time of the researcher.
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Secondly, the user interface provided to the researcher helps in querying the data. There 

are more than 300,000 atoms in a frame and frame ranges from 0 to 16. The tool is able 

to process the data when queried and provide the required display in less than 2 seconds. 

Thirdly the display supports computer animation features such as rotation along X, Y or 

Z axis, two or three dimensional display, and keyboard interface. With the keyboard 

interface user can render the next frame or the next set of data from the same frame, atom 

trail display and rotation of the data along axes.  

Overall saving in time is tremendous and tool efficiency is the key learning. 

5.2 Implications in the field of Molecular Dynamics 

This work will equip the research community especially scientists in the field of 

biopolymers, proteins and nano-technology with the visualization tool for their molecular 

simulation results. User interface will equip researcher to query on the particular atom of 

interest and follow its trajectory. As this tool does not need to convert data to binary file 

online, it saves time for the researcher to observe results in the fraction of a minute, 

which is highly efficient.  

5.3 Future Work 

This framework provides the visualization tool for the results from Molecular dynamics 

simulation studies.  

• One of the future proposals can be to back integrate and provide Molecular 

dynamics graphical interface, where scientists can carry out molecular dynamic 
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simulation and the results produces from the studies can be used for graphical 

display. 

• We can improvise the tool for more type of file formats which can be read. 

• We can further improve the visualization tool by adding more features such as 

zoom-in and zoom-out, color rendering. 

• The tool can further process the data for similar movements and compare the trail 

of specific atoms. 

• The tool can be further improved to acknowledge the lossy compression 

techniques while using various compression methods to save the data.
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