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Introduction:
The Computer science department and the Astrophysics department at RIT are jointly working on the GrapeCluster project. The problem being discussed in this project is the N-Body problem in astrophysics in which the N stars move in the space due to gravitational force exerted by other N-1 particles. 
The independent study was done as a part of this project.

Problem Description:
One of the tasks done under the Grape Cluster project is development of visualization software. This software displays the stars in the space and allows the user to see the movements of the stars over the time. Such visualization software needs to have a way for the user to move in space around the system and view the system. The path around the system along which camera moves can be any path described by the points selected by the user. Thus one of the functionalities provided by this software is generation of fly through paths around the system. To generate these paths the user of the system specifies the points in the space. The smooth path is generated passing through these points. The camera moves along this path and gives different views of the system. The speed of the camera is not constant but the different distance is covered in different intervals of time.
Thus the problem can be described in the following two steps:

1) The functionality to specify the points in the space.

2) The functionality to modify the points specified before.

3) The functionality to generate the path passing through these points.

Theoretical Solution:
The system of the stars is displayed to the user. The user clicks on the points in the space around the system. The points specified by the user are read and the different paths passing through the points are generated. Out of these paths we select only the smooth path. The smooth path is the one for which the derivative of the part of curve before the given point equals the derivative of the curve after the point at that point.
Practical Solution:

I worked on generating the fly through paths in the 3D space. The independent module is created which assumes the cube in the center of the scene. And the task is to generate the path around the cube such that the camera can fly along this path to get the different views of the cube from all sides.

The problem faced in implementing this theoretical solution directly is in the way to read the points on the 2D screen and interpreting them as 3D points. One click on the screen gives the x and y coordinates of the point being clicked. In the 3D space along with the location we need to know the depth of the point. This could not be achieved by a simple mouse click. So to overcome this difficulty the selection of the point is split in two steps. The point is selected in front view and in the top view of the scene. Thus the front view gives the x and y coordinates of the point and the top view gives the z coordinate of the point.

Also the initial points to select are generated around the cube. The user can select any one of these points or asks for more points. Thus rather than having some random points in the space we start with some definite points around the system.
The steps to create such paths are as follows:
· The scene is shown to the user that has the cube in the center and the circle

            around it.

· There are points marked on the circle.

· To select the points click on the point on the screen.(select the point from

       the shown  points).

· Also get the top view of the scene by clicking on the button 'select points'.

· Thus selecting single point is two step process : selecting from front view

      and selecting from top view.

· After the points have been selected click on the button 'get spline'. The new

      window pops up showing the small cube moving along the spline passing through

      the points selected.

This module can be used in the 3D applications generally related to visualization of some system in 3D space. In the visualization problem, generally it is required to fly around the system being visualized. Also the choice of the path is left to the user. In such applications this module can be used by replacing the cube in the center by the system of interest.

There are two java files:-
· InputForPath.java – This program generates the circle around the cube and the points on the circle. It also generates more points if asked by the user. It creates front view and top view of the scene and reads the points selected by the user as points in 3D space.

· Spline.java – This program generates the spline passing through the points selected by the above program.
Compile:
The submission consists of two java files. Hence the java compilation works to compile the system.

javac *.java

Or the individual files can be compiled as 

javac InputForPath.java

javac Spline.java
Run:

InputForPath.java is the main file. The program does not take arguments.
java InputForPath

Future Work:
One thing that we would like to change in this module is the way the points are

selected. Instead of making it two step process to select the points, it will be

better to have just one click that enables the user to select the point. I believe that the 'Picking Utility' provided by Java3d should make this possible.

This module can be incorporated with the Grape Cluster GUI by replacing the cube in the center by the system of stars. The spline is generated which passes through all the points mentioned by the user. The camera can be made to move along this spline by controlling the camera motion by the points on the spline.
This project emphasizes the importance of representation and visualization. The vast amount of information presented in graphical form makes the understanding of the concept easier than presenting the same information in textual form. For example, the visualization module of the Grapecluster project makes it easy to understand the movements of the stars in the space. 
Thus I feel that visualization is the efficient tool that computer science can provide to any branch of the science to present their concepts effectively. 

