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Abstract
Based on current research, the authors of this paper found out most 3D visualization
systems based on TIN model lack interactive operations. In order to deal with such
problem, the authors put forward the thought of constructing a 3D visualization dynamic
modification system and accomplished research on part of the key algorithms and program
design.

This paper put forward the thought of changing the former data processing mode which is
from 2D thematic graphics to 3D visualization graphics or images to the orbicular data
processing mode which is from 2D thematic graphics to 3D visualization graphics, then to
2D thematic graphics. According to this, the authors constructed a dynamic data
processing model.

This paper discusses mainly point modification in a 3D visualization system. As we know,
when the position of a point changes, the TIN model should be modified. So this paper put
forward the geometric method for reconstructing TIN model, the expansion algorithm for
searching for original data points and apply curved surface spline function to
interpolation.

One of the key algorithms of the reconstruction of TIN is to get the 3D geographic
coordination of a screen point. Using ingenious combination of point-in-polygon analysis,
feedback mode parameters of OpenGL, TIN model parameters and curved surface spline
function, a user can get the geographic coordination  of relative  point on screen. This
method overcomes the shortcoming of frequent projection transformation in the traditional
method. It also reduces the difficulty of data processing and improves the practicability.

By using a 3D visualization dynamic modification system, users can modify a graphic in 3D
visualization system by mouse and get the correlative 2D graphic in time automatically.

INTRODUCTION
With the development of spatial information technology, application of visualization in GIS
becomes more and more widespread. Nowadays, in a 3D visualization system, we can do
such operations as rendering, zooming in and out, rotating and inquiring. But it is far to say
a visualization system based on TIN is satisfactory because most systems lack interactions.
Such interactions can be divided into two aspects. One is between a user and a 3D
visualization system, the other is between a 3D system and a 2D system. In this paper, we
tried to do some research to tackle these problems. We established a system and we called
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it a 3D visualization dynamic modification system. By using this system, a user is not only
an observer, but also a participant. He can change the characteristic value of one point at his
pleasure by just dragging the mouse and our system will help to deal with the other things
that will happen. That means our system will compute changes that happened and
reconstruct the 3D visualization graphics and then regenerate the 2D graphics
automatically. This paper focused on the main algorithms of how to attain modified point’s
geographic coordination and some data which will be used to interpolation and how to
show the result of these changes in both 2D system and 3D visualization system. By such
interaction, we can reduce the overload of modification in a 2D system and we can preview
the modification result before we make any decision.

The following sections of this paper will put forward the method used in a 3D visualization
system firstly, explain the principles and applications of the main algorithms secondly and
make a conclusion along with some references finally.

METHODOLOGY

Orbicular data processing model
In order to realize dynamic modification of 2D and 3D visualization graphics, we design an
orbicular data processing model in which both 2D system and 3D visualization system are
included. Figure 1 shows this model.

Figure 1: Orbicular data processing model.
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Data processing flow related to the main algorithms
Seeing from Figure 1, we can find out some data processing can be achieved by only using
functions offered by OpenGL, but the most difficult parts lie in two aspects: 1. How to
modify the visualization environments and spatial entities? 2.how to reconstruct TIN model
and redisplay in both a 2D system and a 3D system? The following section will give us the
data processing flow related to the main algorithms.

1. Capture one point in 3D visualization system and change its elevation by either
dragging the mouse to another position or inputting the value a user wants to change.
After user’s doing this, our program will carry on point-in-polygon analysis and get the
ID of the triangle that includes the point and highlight the triangle.

2. Subdivide the triangle that contains modified point.

3. By using feedback mode of OpenGL, we can get screen coordination of all the vertexes
of the TIN model. Through expansion algorithm, we can also get the geographic
coordination of both the known points and original interpolation points in the influence
area. Then we get two groups of coordination. And we can use curved surface spline
function to do interpolation. For the known points, we should not change their value,
but for the original interpolation points, we should re-interpolation.

4. At last, our program will generate some temporary data automatically and call
subroutine to compute the normal vector and lighting and some other environmental
parameters to redisplay the graphics in both 2D and 3D system.

By doing the steps above, our objectives of dynamic modification can be achieved.

MAIN ALGORITHMS

Subdivision of TIN
Any changes of a point in triangle net will affect the whole TIN model. In order to simulate
the change result, we should reconstruct TIN at first. In our research, we assume the
moving of mouse will only happen in the Z-direction.

In Figure 2, point P stands for the mouse point and Figure 2 shows the main three instances
of the subdivision. Figure 2a shows the mouse point is the vertex of a triangle, Figure 2b
shows mouse point is contained in a triangle, Figure 2c shows mouse point lies on the
common border of two triangles.

(a) (b) (c)
Figure 2: Subdivision of TIN model.
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situation of (c), we can divide the original two triangles into four triangles and delete the
original two triangles.

Expansion algorithm
The objective of expansion algorithm is to search the known data points which be used to
interpolation. Supposing that some triangular vertexes which are the known data points
have characteristic value (such as elevation or stratigraphic thickness), and the triangle
which contains the modified point P will be regard as the start one or the first layer to
search known points. By means of the topological relationship between triangles, the
known data points can be got from interior layer to exterior layer (see also Figure 3 and
Figure 4).  With quite a few coordinates (x, y, z) of known points, together with curved
surface spline function algorithm, the characteristic value of the interpolated point
(supposing that point is B or O) will be got.

In Figure 3 and Figure 4, the triangle contains point G is ABC. Supposing that ∆ABC is at
the first layer searched for data. ∆ABF, ∆BCH and ∆ACD respectively are the contiguous
triangle of edges AB, BC and AC. Obviously, they are at the second layer. Likewise,
contiguous triangles of ∆ABF, ∆BCH and ∆ACD, including triangles ∆AEF, ∆FBZ,
∆BHW, ∆CHI, ∆CJD and ∆ADE, are at the third layer. In such search, it is very important
and difficult to define the levels we should use. According to our experiences, we normally
use six levels to meet the requirement of both accuracy and precision.

Figure 3. Schematic diagram 1 of Expansion algorithm.

Figure 4. Schematic diagram 2 of Expansion algorithm.

Expansion algorithm makes full use of the topological relationship between triangles and
ensures the selected original data points distributed evenly.

the layer number
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Interpolation algorithm
How to select an interpolation function?
There are many kinds of interpolation algorithms. Each has its advantages and
disadvantages. Which one should be chosen depends mainly on the characteristic of the
data. However, for a triangulated surface, the best results are arrived at using more
sophisticated parameterizations (Welch and Witkin, 1994). In order to simulate the actual
geology environments, the interpolation algorithm should obey the three rules as followings:

1. Interpolation function goes through every known data point. Because these known
points stand for the actual position of 3D geologic objects (for example, borehole) and
we can’t change the position and characteristic value of them.

2. Interpolation points lies in the same smooth and continuous surface as the known data
points.

3. Interpolation function has no restriction on the distribution of the reference points. As
we know, many of the reference points distributed at random and such restriction will
reduce the practicability (Mao and Ma, 1999).

Through lots of research, we found that curved surface spline function can meet all the
requirements listed above. So we take it in our system.

The principle of curved surface spline function
Curved surface spline function expresses the relationship between the transmutation
quantum and its load. It has been used in the field of physics widely. In the following
differential equation (1-1), w stands for roll quantum, D stands for anti-bend intensity and
q(x,y) stands for load.

qWD =∇4 (1)

Curved surface spline function can be expressed as equation (1-2):
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 The coefficients cj=16πD/kj, where D is the plate rigidity and kj is the spring constant
associated with the jth point. When kj=∞, cj=0. In common geological curved surface, we
assign zero to cj in order to keep the interpolation result of the original points are equal to
the initial value. Wu et al. (2000)

CASE STUDY
The following graphics show some examples of our 3D visualization dynamic modification
system. Figure 5 shows the contour map of stratum in a 2D system, Figure 6 is the TIN
model of Figure 5, Figure 7 is the 3D visualization graphics based on TIN, Figure 8 shows
how to modify the elevation of a spatial point, Figure 9 indicates change results in a 3D
visualization modification system, Figure 10 indicates the contour map generated
automatically by reconstruction of TIN (See changes in the rectangle).

Figure 5: The original contour map.

Figure 6: TIN based on contour map.
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Figure 7: The visualization graphics  based on TIN.

Figure 8: Change the z-value of a point by dragging mouse.

Figure 9: The change result in a 3D visualization system.
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Figure 10: The change result in a 2D system.

This paper put forward the thought of constructing an orbicular data processing model to
promote interaction not only between a user and a 3D visualization system but also between
a 3D visualization system and a 2D system. In our 3D visualization dynamic modification
system, we have realized several key algorithms based on point modification. These
algorithms proved to be useful and efficient. In the future, we should further our research
on the modification based on lines and polygons in a 3D visualization system. And we
should combine a 2D system and a 3D visualization system seamlessly and try to deal with
multi-strata spatial entities simultaneously.
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