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Abstraction

The material diffusion process was visualized using programming of finite difference equation
based on OpenGL. To do this, we derived three dimensional visualization algorithm based on
Borland C++, OpenGL and central finite difference method of diffusion equation with open (Neuman
type boundary) and closed boundary(Dirichlet type boundary) conditions. Numerical example of Two
Creeks of Wisconsin was proposed to demonstrate the derived the visualization algorithm
applicability. The calculated results showed reasonably well, particularly, for the time-dependant
diffusion process. In the example, the material diffusion process was strongly related with water
speed and diffusion coefficient. From this result, we found that OpenGL is very useful graphic
library and the developed our algorithm can be applied to real ocean or river for the diffusion

process.

1. Introduction

Water flow or material diffusion visualization
has always been a demanding application for
engineering and scientific visualization(Pagendarm
and Water, 19%). Banks and Singer(1995)
studied visualizing unsteady flow using a

predictor-corrector technique that is designed
to capture elongated vortices. Wischgoll and
Scheuermann  (2001) also  developed an
algorithm for the calculation of streamlines
that detects cycling around closed stream
lines. In the study, they showed the

visualization of flow by linear interpolation on

_49-



Lee Byung-Gul and Yeu Yeon

triangular. In GIS visualization application,
Kraus(1994) developed methods of visualizing
the quality of surfaces and their derivatives in
GIS.

The diffusion process is generally related to
not only thermal but also material diffusion in
oceans and lakes. In order to studv the flow
or diffusion behavior of water, we first used
numerical simulation based on mathematical
equations. Then we visualized the numerical
results using OpenGL in a computer program
we modified for the purpose. OpenGL is a
library of 2D and 3D graphic routines, which
interface to graphics hardware. The greatest
advantage to using OpenGL is that it is
orders of magnitude faster than a ray-tracer
and is extremely portable and very fast
(Richard and  Sweet, 199). Since its
introduction in 1992, OpenGL has become the
industry’s most widely used and supported 2D
and 3D graphics application programming
interface  (API), bringing thousands of
applications to a wide variety of computer
platforms. OpenGL fosters innovation and
speeds application development by incorporating
a broad set of rendering, texture mapping,
special effects, and other powerful visualization
functions. Developers can leverage the power of
OpenGL  across all popular desktop and
workstation platforms, ensuring wide application
deplovment (Silicon Graphics, 1998).

We used OpenGL to visualize the diffusion
process in a lake. The diffusion process can
be described by partial differential equation.
The numerical solution of this equation was
derived from a finite difference scheme, which

is an initial value problem. The finite

difference equations were derived from the
diffusion  equation using Taylor series
expansion. Our goal was to describe the
detailed progression of the solution by
representing it visually. We applied our
techniques to diffusion along a stretch of
water near the Wisconsin shoreline of Lake

Michigan.

2. The Software Developed

To compute and display the diffusion of
concentrations we modified a C++ program
with OpenGL. The program was written in
C++ using Borland C++ Builder, a development
environment, which removes many of the
complications  of  writing  software  for
Microsoft  Window operating systems. The
program also utilizes a library of routines for
image processing written by Dr. Peter R.
Weiler(Scarpace  and  Weiler, 1999). To
interface  with the OpenGL routines of
Windows the program uses the Krumbach
OpenGL control, which was written by Ted
Krumbach and Pete Weiler of Unviersity of
Wisconsin, Madison, to provide a simplified
set of routines for controlling the OpenGL
parameters. This control is a Borland VCL
control, which is similar to the OCX or COM
controls used in Microsoft Visual Basic.o use
the Borland control for OpenGL, we created
three files, those are BPI, BPL and LIB files.
BPl is an import library file, BPL is the
runtime library file and LIB is a library for
static linking file. Based on the three files, the

control provides a window on the screen
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where OpenGL can draw objects]t simplifies
the programmer’s work by handling various
initialization tasks and by providing simple
ways for him to set the lighting, background
and position of objects drawnlt does not
actually draw objects in the window.For
drawing, the programmer must use the
standard OpenGL routines. The software drew
a three dimensional object in on-screen
window. OpenGL routines were used to draw
the three dimensional object as it would
appear if seen from a specified position in
space. We modified the program to 1) display
a representation of the surface of Lake
Michigan and the adjacent coastline, 2)
compute the diffusion of a concentration of
material added to the lake at one or two
points, and 3) display the progression of the
diffused material on the lake.

3. Finite Difference Scheme of the
Diffusion Equation

The two dimensional diffusion equation is
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where C is the concentration of diffusion
material, u and v are x and y directional
water speeds, and A» is the diffusion
coefficient.

To calculate the difference equation, a finite
grid is generated by creating vertices as

shown in Figure 1.
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Figure 1. Finite difference grid svstem. We
used central finite difference method.

Based on Figure 1, we derived the

following finite difference equation
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where n is time step and i and j are space
steps of x and y, respectively. Af, Ax, Ay
are time interval and space interval of x and
y. In Eq.(2), we used explicit finite difference
method with a forward scheme for the time
integration and the central space for space
domain. Compared to implicit one that can be
described as matrix form of time integration,
the  explicit  usually produces faster
computations. Finally, the Eq(2) can be

transformed into simple form as,
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At At
B=(u—+A, —)
( Ax 7 Ax?
D=(-24, 2 _24, 2L,
x* Ay® o,
At At
E=(—v—+A, —)
( ¥ M Ay~
At At
F=(v—+ A —)
( Ay " Ay?

From the Eq.(3), we can calculate the

diffusion process at everv time steps.

4. Numerical Examples

To demonstrate the utility of OpenGL for
the visualization of the diffusion process, we
have applied our model to the visualization of
material diffusion in Lake Michigan along the
Wisconsin coast(Figure 5). We used digital
elevation data and geometric coordinates of an
actual portion of the coast.

To implement the numerical computations,
For the
open boundary in the lake, we used a Neuman
typeboundary  condition. For the closed
boundary provided bounded by the shore, we
used a Dirichlet tvpe boundarv condition. The

we adopted two boundary conditions.

boundary conditions can be described as

following;

Neuman boundary condition: V C = 0 in
open water

Dirichlet boundary condition: C = 0 at the
coastal line

To determine the coastline where the
Dirichlet boundary condition apply, we used a

digital elevation model (DEM). DEM is a

digital

earth’s terrain over a two dimensional surface.

representation of a portion of the

The DEM we used gave the elevations at
points on 170 by 155 grid. This DEM also
the the
representation of the land surface
OpenGL display. To facilitate drawing of the
terrain, the DEM data areprovided to the

served  as basis  of visual

in the

OpenGL routines as a series of triangles. The

routines are provided with the horizontal
coordinates and elevation of the comers of the
triangles, which lie on the grid points of the
DEM. Figure 2 illustrates how the rectangular
grid is represented as a series of triangles.
the

coordinates of a point. Each square of four

Here i and ; represent horizontal
grid points is represent by two triangles. The
first square in the figure is represented by the
triangle with corners at the points (i, j), (i,
J*1), and (i+l, j) and by the triangle with

corners (i, j+1), (i+l, j) and (i+1, j+1). The

other squares on the grid are similarly
represented.
ij+2
i, j+1
i1, j#1
i — bl
) 1, #2,] #3,j

Figure 2. Generating terrain using right isosceles
triangles.

The calculations of diffusion are done by

applving Eq. (3). For each row on the grid,
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the starting point and ending point of water
are stored in two arrays (Figure 3). In our
study, the starting point is at the coastline
and the ending point is in the water. The
concentration value at coastal line is assigned
to zero (Dirichlet houndary condition). At the
ending point in water the gradient value of
concentration is set to zero (Neumnan boundary
condition).

This technique can have a problem as
shown in Figure 4. If the areas of water
dividled to several regions by land, the
diffusion equations can not be used for grid
points on the land. A binary two-dimensional
array is used to represent this. The value in
this array of a grid point on water is
assigned one and the value on land is
assigned zero. The concentration values
multipied by the value of a binary
two-dimensional array on land should be
zero(Dirichlet  boundary  condition).  Those
values on water are retained because of being

multiplied by one.

Serting point of
water

J
N
Ending
o

Figure 3. Starting and Ending point of water.
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Figure 4. Binary two-dimensional array

The last step is displaying results using
Krumbach OpenGL control. Land, water, and
concentration has respectively been displaved
yellow, blue, and red. As the concentration
value becomes higher, the color changes from
blue to bright red. On the computer used for
this work the process of drawing the results
was slow, so the display was redrawn only

after everv 100 calculations.

Wisconsin

Two Creeks

Figure 5. Numerical example area(Two Creeks:
Black Circle).

The calculated results are shown in
Figures 6, 7, 8 and 9. In these figures,
vellow color is land that is calculated from
DEM data and blue is lake surface. The
space interval of grid is assumed as 1000 m.
Figure 6 shows one point source diffusion
process. In the case, u=v=0 so that there is
a circular diffusion pattern is produced.
Figure 7 has u=10 m/sec, v= 0.2m/sec. In
this case, a one directional diffusion process
happens as time changes. Figures 8 and
9show the periodical velocity effect produced

u=v= acos(z—”t)
by h T °. T s the period a of
periodic wave. This water speed is similar to

the pattern of a tidal wave in the ocean.
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Figure 6. The diffusion process of one point
source without water speed.
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Figure 7. The diffusion process of two point
sources  with  constant  non-zero
water speeds in the x and v
directions.

Figure 8. The diffusion process of two point
sources withperiodic water speed in the
X and vy directions.(Time = 1 hours
after releasing diffusion materials)

Figure 9. The diffusion process of two point
sources withperiodic water speeds in
the x and v directions.(Time = 3 hours
after releasing diffusion materials)

5. Conclusion

In this paper, we presented the visualization
using OpenGL of a diffusion process based on
diffusion equation. The Open GL was a very
useful technique for the visualization of
material  diffusion.  Using the developed
programming based on Borland C++ and
OpenGL. we can display the diffusion in space
and time easily. In particular, time dependant
diffusion problems related with periodical wave
motion like tidal current can be treated in our
numerical model. If the coefficients of the
diffusion  equation  are  determined by
experiments, this resultcan be applied to real
management of water quality. The spreading
hot water discharged from power plants or
factories is a kind of dispersion, so this
phenomenon can be predicted using this

model.
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