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COMPUTER ANIMATION GENERATOR 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 5 
made by reissue. 

This application is a continuation of application Ser. No. 
08/755,129, filed on Nov. 25, 1996, now U.S. Pat. No. 5,963, 
668. 

10 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for hierarchically approximating shape data with an image, 
in which the data amount is reduced by reducing the com 
plexity of the shape of a geometric model which is used in 
generating CG (Computer Graphics), thereby enabling the 
CG to be drawn at a high rate of speed. The invention also 
relates to a method and apparatus for hierarchically approxi 
mating shape data with an image, which is suitable for use in 
a game using CG, VR (Virtual Reality), designing, and the 
like since a shape which was approximated so as not to give 
a sense of incongruity is changed. 

2. Description of the Prior Art 
When drawing using a model as part of computer 

graphics, the same model may be used repeatedly. For 
example, as shown in FIG. 14, a detailed original model 
having data of 100% is formed and the CG is drawn on a 
display by using it repeatedly. When the model is arranged in 
a far position in a picture plane and is rendered Smaller, the 
same model still is used, and the degree of details of the 
model is not changed. Therefore, the time required for the 
drawing depends on the degree of detail of the model and the 
number of models. 

However, when the observer pays no attention to the 
model because the model is minimized and looks Smaller on 
the picture plane or the model is out of a target point of the 
picture plane, it is not always necessary to draw by using the 
model having a high degree of detail. That is, by using a 40 
similar model in which a degree of detail is decreased to a 
certain extent by using a method of reducing the number of 
vertices of the model, reducing the number of planes of a 
polygon, or the like, it can appear as if the same model is 
used. FIG. 15 shows such an example. When the model is to 4s 
appear at a distance and its size on the picture plane is Small, 
as shown in the example, it is sufficient to draw the CG by 
using models in which data is reduced to, for example, 50% 
or 25% from that of the original model and for which the 
degree of detail is reduced. By using a model having a data so 
amount Smaller than that of the original model as mentioned 
above, a high drawing speed can be realized. 

Such an approximation of the model is useful for the 
drawing of the CG display as mentioned above. However, if 
the data amount of the model is simply reduced by approxi- 55 
mating the details of the model, the observer feels incongru 
ity when he sees the approximated model. If this sense of 
incongruity can be suppressed, requests for both of the draw 
ing speed and the drawing quality can be satisfied. For this 
purpose, it is desirable to reduce the data amount in a manner 60 
Such that a general characteristic portion of the model is left 
and the other portions are reduced. Hitherto, such an 
approximation of the model is often executed by the manual 
work of a designer, so that much expense and time are nec 
essary for the above work. 65 
A method of obtaining a more realistic image by adhering 

a two-dimensional image to a plane of a model as a drawing 

15 

25 

30 

35 

2 
target is generally used. This is called a texture mapping, 
The image that is adhered in this instance is called a texture. 
When the approximation of the shape as mentioned above is 
executed to the model which was subjected to the texture 
mapping, it is necessary to also pay attention to the texture 
adhered to the model plane. That is, it is necessary to prevent 
a deterioration in the appearance of the model due to a defor 
mation of the texture shape at the time of approximation and 
to prevent the occurrence of a problem Such that the amount 
of work is increased since the texture must be again adhered 
to the approximated model. 

In past studies, according to Francis J. M. Schmitt, Brian 
A. Barsky, and Wen-Hui Du, “An Adaptive Subdivision 
Method for Surface-Fitting from Sampled Data'. Computer 
Graphics, Vol. 20, No. 4, August, 1986, although the shape is 
approximated by adhering the Bezier patch to a three 
dimensional shape, there is a problem in that a general poly 
gon is not a target. 

According to Greg Turk, "Re-Tiling Polygonal Surface'. 
Computer Graphics, Vol. 26, No. 2, July, 1992, a trial of 
hierarchically approximating a polygon model is executed. 
There is, however, a problem in that although the algorithm 
in the above paper can be applied to a round shape, it is not 
Suitable for a square shape and a general shape is not a 
target. Further, it is not considered to approximate the shape 
on the basis of characteristic points of the object shape. 

Further, according to Hugues Hoppe et al., “Mesh 
Optimization'. Computer Graphics Proceedings, Annual 
Conference Series, SIGGRAPH 1993, a model is approxi 
mated in a manner Such that energy is introduced to an 
evaluation of the approximated model, and operations for 
removing the edge, dividing the patch, and Swapping the 
edge are repeated so as to minimize the energy. According to 
the method of the paper, however, it is necessary to execute a 
long repetitive calculation until the minimum point of the 
energy is determined. In addition, a solving method Such as a 
simulated annealing or the like is necessary in a manner 
similar to other energy minimizing problems so as not to 
reach a local minimum point. There is no guarantee that the 
energy minimum point is always visually the best point. 

Further, in those papers, no consideration is made up to 
the texture adhered to the model upon approximation. 
Consequently, the method of approximating the model 
according to the methods in the papers has a problem in that 
double processes are required in which the texture is newly 
adhered to the approximated model after the approximation. 
As mentioned above, the past studies have problems 

regarding the approximation of a model when a polygon is 
drawn. That is, the conventional method has problems such 
that application of the shape approximation is limited, along 
calculation time is necessary for approximation, and the 
approximation in which required characteristic points are 
considered is not executed. The approximation of figure data 
to realize a Switching of continuous layers, in which the 
sense of incongruity to be given to the observer at the time of 
the Switching of the approximated model is considered, is 
not executed. 
When the approximation is executed to the geometric 

model to which the texture is adhered, there is a problem in 
that a measure to prevent a quality deterioration after the 
approximation, by keeping the shape of the texture adhered 
to the model, is not taken. There is also a problem in that a 
measure to eliminate the necessity to newly adhere the tex 
ture after the approximation is not taken. Further, there is a 
problem that the approximation in which the existence of the 
texture itself is considered is not executed. 
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OBJECTS AND SUMMARY OF THE 
INVENTION 

It is, therefore, an object of the invention to provide a 
method and apparatus for hierarchically approximating fig 
ure data with an image in the drawing of CG so that high 
speed drawing is performed while maintaining a quality of 
the drawing. 

It is another object of the invention to provide a method 
and apparatus for hierarchically approximating figure data 
with an image as if the approximation of a geometric model 
is performed in consideration of the existence of a texture 
itself. 

According to the invention, in order to solve the above 
problems, there is provided a hierarchical approximating 
method of shape data for approximating shape data to data of 
a desired resolution, comprising the steps of evaluating an 
importance of each of the edges which construct the shape 
data; removing an unnecessary edge on the basis of a result 
of the edge evaluation; and determining a vertex position 
after the unnecessary edge was removed. 

According to the invention, in order to solve the above 
problems, there is provided a hierarchical approximating 
method of shape data with an image for approximating 
shape data to which image data was adhered to data of a 
desired resolution, comprising the steps of determining 
which edge in the shape data should be removed upon 
approximation; determining a new vertex position in the 
shape data after the edge removal performed on the basis of 
the edge removal determination; and removing an unneces 
sary vertex in the image data adhered to the shape data in 
accordance with outputs from the edge removal determining 
Step and the Vertex movement determining step and moving 
a vertex on the image data in accordance with the new vertex 
position in the shape data. 

According to the invention, in order to solve the above 
problems, there is provided an approximating apparatus for 
figure data for approximating shape data to that of a desired 
resolution, comprising: evaluating means for evaluating an 
importance of each of the edges which construct the shape 
data; edge removing means for removing an unnecessary 
edge on the basis of a result of the edge evaluation; and 
Vertex position determining means for determining a vertex 
position after the unnecessary edge was removed. 

According to the invention, in order to solve the above 
problems, there is provided a hierarchical approximating 
apparatus for figure data with image data for approximating 
shape data to which image data is adhered to data of a 
desired resolution, comprising: edge removal determining 
means for determining which edge in the shape data is 
removed upon approximation; vertex movement determin 
ing means for determining a new vertex position in the shape 
data after the edge removal; and image data removal and 
movement determining means for removing an unnecessary 
Vertex in the image data adhered to the shape data in accor 
dance with outputs from the edge removal determining 
means and the vertex movement determining means and for 
moving the vertex on the image data in accordance with the 
new vertex position in the shape data. 

According to the invention as mentioned above, the 
importance of each of the edges of the shape data is 
evaluated, the unnecessary edge is removed on the basis of 
the evaluation, a new vertex after the edge removal is 
determined, and further, the vertex is moved on the image 
data in accordance with the new vertex position. Thus, the 
shape data can be approximated so that the change in shape 
is little while Suppressing the deterioration of the image data 
adhered to the shape model. 
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4 
The above and other objects and features of the present 

invention will become apparent from the following detailed 
description and the appended claims with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of a hierarchical approximation of a 
texture mapped polygon model according to the invention; 

FIG. 2 is a diagram showing an example of a drawing 
apparatus that can be adhered to the invention; 

FIGS. 3A and 3B are schematic diagrams for explaining 
equation (1): 

FIGS. 4A and 4B are schematic diagrams showing an 
example of a vertex position decision; 

FIGS. 5A and 5B are schematic diagrams showing an 
example of a method of determining a position at which a 
vertex to be left is put; 

FIGS. 6A and 6B are diagrams schematically showing an 
example in which a texture is allocated on a certain plane of 
a polygon model; 

FIGS. 7A and 7B are diagrams schematically showing an 
integration of Vertices and texture coordinates in association 
with an edge removal; 

FIGS. 8A to 8C are diagrams for explaining that the tex 
ture is changed by the integration of the vertices; 

FIGS. 9A to 9D are diagrams for explaining a case where 
two different textures are adhered to one polygon; 

FIG. 10 is a schematic diagram for explaining an equation 
(2): 

FIGS. 11A to 11C are schematic diagrams showing 
examples of a method of forming an approximate model of a 
middle layer; 

FIG. 12 is a diagram Schematically showing an example 
of a processing result according to an embodiment of the 
invention; 

FIG. 13 is a diagram Schematically showing an example 
of a processing result according to an embodiment of the 
invention; 

FIG. 14 is a schematic diagram showing an example of a 
CG drawing according to a conventional method; and 

FIG. 15 is a schematic diagram showing an example of a 
desirable CG drawing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the invention will now be described 
hereinbelow with reference to the drawings. FIG. 1 is a flow 
chart for a hierarchical approximation of a geometric 
(polygon) model that was subjected to a texture mapping 
according to the invention. FIG. 2 shows an example of a 
structure of a drawing apparatus that can execute the pro 
cesses of the flowchart. 

As shown in FIG. 2, the drawing apparatus can be con 
structed by a computer with a standard structure which com 
prises: a keyboard 1; a data input device Such as floppy disk 
drive (FDD) 2, magneto-optic disk (MO) drive 3, or the like: 
a data processing apparatus constructed by a CPU 4, an 
RAM 5, and the like; an external memory apparatus Such as 
hard disk 6, semiconductor memory 7, or the like; and a 
display apparatus 8 such as a CRT or the like, and in which 
those component elements are respectively connected by a 
bus 9. As an input device, a mouse or the like may also be 
used. The floppy disk drive 2 and MO drive 3 are also used 
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as data output devices. Further, data can be also supplied 
from a network such as the internet. The above structure is 
an example and the actual drawing apparatus can have vari 
ous constructions. 

First, processes in the flowchart shown in FIG. 1 will be 
schematically described. A texture as image data is allocated 
and adhered to each plane of a polygon. In the invention, in 
order to approximate the polygon, edges constructing the 
polygon are removed and the shape is approximated. Since 
the shape of the polygon is merely approximated by only 
removing the edges, in order to approximate the textures 
allocated to the planes of the polygon, an optimization is 
executed by integrating the textures associated with the edge 
removal and moving the coordinates of the textures. 

In the first step S1, original polygon data is inputted. The 
texture is adhered to each plane for the inputted polygon 
data. The input of the data and the adhesion of the texture are 
manually performed from the keyboard 1 or by a method 
whereby data which has been made in another place and 
stored in a floppy disk or an MO disk is read out by the FDD 
2 or MO drive 3. The polygon data can be also inputted 
through a network Such as the internet. 

In step S2, each edge of the inputted polygon data is 
evaluated for performing the edge removal. In the edge 
evaluation in step S2, each edge of the inputted polygon data 
is converted into a numerical value by a method, which will 
be described below, and is set to an evaluation value. In step 
S3, the evaluation values of the edges obtained in step S2 are 
Sorted and the edge having the minimum evaluation value is 
selected (i.e., identified). The processing routine advances to 
step S4. In step S4, the edge having the minimum evaluation 
value that was selected in step S3 is removed. 
When the edge is removed in step S4, the processing rou 

tine advances to step S5. In step S5, the position of the vertex 
which remains after the edge was removed in step S4 is 
determined. In step S6, the texture portion which becomes 
unnecessary in association with the edge removal is removed 
and the positions of the remaining texture coordinates are 
determined. 

Approximated polygon data that was approximated at a 
precision of one stage and was Subjected to the texture map 
ping is obtained by the foregoing processes in steps S2 to S6. 
The edge removal, the determination of a new vertex, and 
the process of the texture in association with them are 
repeated by repeatedly executing the processes in steps S2 to 
S6. Consequently, the approximated polygon data, which 
was Subjected to the texture mapping can be obtained (i.e., 
created) at a desired precision. 
When the approximated polygon data that was subjected 

to the texture mapping at a desired precision in step S6 is 
obtained (step S7), the processing routine advances to step 
S8. The obtained approximated polygon data that was tex 
ture mapped is drawn on the display apparatus 8. The 
obtained approximated polygon data which was texture 
mapped can be also stored into an external memory appara 
tus Such as a hard disk 6 or memory 7, a floppy disk inserted 
in the FDD 2, or an MO inserted in the MO drive 3. The 
derived data can be also supplied and stored to another com 
puter system through the network. 
The processes in the above flowchart are executed mainly 

by the CPU 4 in the hardware structure of FIG. 2. Instruc 
tions or the like which are necessary during the processes are 
sent from the input such as a keyboard 1 or the like to the 
CPU 4. 

Processes regarding a model approximation will now be 
described. As mentioned above, the approximation of the 
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6 
polygon model is executed by repeating the edge removal. In 
this instance, Small convex and concave components which 
do not contribute to the general shape of the model are 
judged and edges which should be preferentially removed 
are determined on the basis of the judgement judgment 
result. In order to select the edges which are preferentially 
removed, the extent to which the edges constructing the 
model contribute to the general shape, namely, the impor 
tance of each edge is evaluated and the removal is executed 
to remove the edge with the smallest evaluation value. In 
step S2, the importance of each edge is evaluated. 

In order to select the edge which is suitable to be removed 
by obtaining the evaluation value, an evaluation function to 
evaluate the extent to which each of the edges constructing 
the polygon model contributes to the shape of the polygon 
model is introduced. The following equation (1) shows an 
example of the evaluation function. FIGS. 3A and 3B are 
diagrams for explaining the equation (1). 

F(e) =Xia V. +b.S. (1) 

where 

V = (N.E)x A 

SEXA 

where 

FIG. 3B shows an example in which a part of a spherical 
polygon model shown in FIG. 3A in which each plane is 
bounded by a triangle is enlarged. By the equation (1), an 
edge e constructed by two vertices V and V is evaluated. 
With respect to the vertices V and V bounding the edge 
e(V, V), when sets of planes including them as vertices 
assume S(V) and S(V), a range of i is set to S(v)US(V). 
That is, 1sis 10 in the example shown in FIG. 3B. In the 
diagram, E denotes a vector having the direction and length 
of the edge e: N, denotes a unit normal vector of each plane; 
A denotes an area of the plane; and E a length of the vector 
E. 
The equation (1) is constructed by two terms. The first 

term V, shows a Volume amount which is changed when the 
edge as an evaluation target is removed. The Volume amount 
here denotes a virtual volume of a shape specified by the 
shape data of the polygon. The second term S, shows a value 
obtained by multiplying the planes existing on both sides of 
the target edge with the length of the target edge. It denotes a 
change amount of the Volume of the plane including only the 
target edge. Coefficients a and b are multiplied to the two 
terms. The user can select which one of the first term V, and 
the second term S, is preferentially used by properly setting 
the values of the coefficients. 
The first term V, largely depends on the peripheral shape 

of the edge as an evaluation target. On the other hand, the 
second term Si depends on the length of the target edge and 
the area of planes existing on both sides of the target edge. In 
the case of a polygon model having a flat shape like a sheet 
of paper, when the edge e(V and V) is removed, the change 
amount by the term S, is larger than that by the term V. In 
the polygon model constructed by planes in which all of 
them have similar shapes and areas, for example, in the 
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model shown in FIG. 3A, the change amount by the term V, 
is larger than that by the term S. 
The value of the equation (1) is calculated with respect to 

each of the edges constructing the polygon model and the 
evaluation value for each edge is obtained. In step S3, the 
calculation values are sorted in accordance with the values 
and the edge having the minimum evaluation value is 
selected, thereby obtaining the edge whose contribution to 
the model shape when the edge is removed is the Smallest. 
When the importance of the edge is evaluated in step S2, 

the length of edge is considered. When the evaluation values 
are the same, the shorter edge can be also set as a target to be 
removed. 

Although the local evaluation value in the polygon model 
is obtained by the equation (1), each edge can be also evalu 
ated by a value obtained by adding the evaluation values of 
the peripheral edges to the evaluation value of a certain tar 
get edge. In this case, the evaluation can be performed not 
only with the peripheral shape of one edge but also with the 
shape or a wide range. When the area which the user wants 
to evaluate is wide as mentioned above, the calculation range 
of the equation (1) can be widened in accordance with Such a 
wide area. 

In addition to the evaluation value simply derived by the 
calculation of the equation (1), the user can give the evalua 
tion value or can operate the evaluation value. Therefore, 
when there is a portion which the user wants to leave intact 
without approximation or a portion which he, contrarily, 
wants to approximate, the intention of the designer or opera 
tor can be reflected in the approximating process by desig 
nating such a portion. In this case, the evaluation value is 
determined by executing a weighted addition by giving a 
weight coefficient to each of the value operated by the user 
and the calculated evaluation value. 

In this case, the approximation in which the intention of 
the designer is reflected can be performed by giving a weight 
coefficient, for example, by giving weight to the evaluation 
value designated by the user. On the contrary, when a large 
weight is given to the evaluation value obtained by the calcu 
lation of the equation (1), an accurate approximation can be 
performed by a quantitative evaluation of the Volume change 
in shape. In this manner, the change in shape can be freely 
controlled by the weighting process. 
When the evaluation values for the edges of the polygon 

data are obtained in step S2 as mentioned above, the 
obtained evaluation values are sorted and the edge having 
the minimum evaluation value is selected in step S3. When 
sorting the edges, for example, a quick Sorting as a known 
technique can be used. Other sorting methods can be also 
obviously used. Since the sorting methods including the 
quick Sorting are described in detail in Algorithm Dictio 
nary” published by Kyoritsu Publication Co., Ltd. or the 
like, the description is omitted here. The selected edge hav 
ing the minimum evaluation value is removed in step S4. 

Although the case where the edge having the minimum 
evaluation value is simply removed has been described here, 
the removing order of the edges or the edge which is not 
removed can be also arbitrarily designated. When the edge is 
not removed, there is no change in shape of Such a portion. 
For example, in the case where it is desirable that the shape 
is not changed, like a portion in which two models are in 
contact each other, it is Sufficient to set a portion where no 
edge is removed. 
When the edge is removed in step S4, the vertices (v and 

V in this case) constructing the edge are lost. In step S5. 
therefore, a new vertex position in association with the edge 
removal is determined. FIGS. 4A and 4B show examples of 
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8 
the vertex position determination. After the edge was 
removed, either one of the two vertices constructing the edge 
is left. In this case, the edge e(V and V)e(v, and v) in a 
layer N in FIG. 4A is removed, thereby obtaining a layer 
(N+1) shown in FIG. 4B. The vertex v remains and 
becomes a new vertex v'. 

In this instance, the shape after the edge removal is 
changed depends on the position of the vertex v which 
remains. FIGS. 5A and 5B show examples of a method of 
determining the position where the vertex to be left is 
located. FIGS. 5A and 5B show cross sectional views of an 
edge shape in the polygon data. That is, FIG. 5A shows a 
case where the edge e(V, V) bounded by the vertices V and 
V is formed in a convex shape including the outer edges of 
V and V. FIG. 5B shows a case where the edge e(V, V) is 
between the upper and lower directions of the outer edges of 
V and V forming an S shape. In FIGS.5A and 5B, v' indi 
cates a vertex to be left. 

In FIGS. 5A and 5B, areas S and S shown by hatched 
regions show Volume change amounts when the edge e(V, 
V) is removed and the vertex v is left. The vertex v' which is 
left after the edge e(V, V) was removed is positioned where 
the Volume change amount S on the vertex v side and the 
Volume change amount S on the vertex IV v side are 
equal. By arranging the vertex to the position where the 
Volume change amounts on both sides of the removed edge 
e(V, V) are equal as mentioned above, the shape after the 
edge removal can be approximated to the original shape. 

Although the vertex v which is left and becomes a new 
Vertex is arranged to the position where the Volume change 
amounts on both sides of the edge are equal irrespective of 
the peripheral shape of the edge which is removed in step S5 
in the above description, the invention is not limited to the 
example. For example, the vertex v can be also arranged at a 
position where the Volume change upon edge removal is the 
minimum. As mentioned above, the method of arranging the 
Vertex v' to the position where the Volume change amounts 
on both sides of the edge are equalized and the method of 
arranging the vertex v' to the position where the Volume 
change is the minimum can be selectively used in accor 
dance with a desire of the user. 

In consideration of the peripheral shape of the edge, when 
the shape has a concave or convex shape, the vertex v can be 
also arranged at a position where the Volume change after 
the edge removal is the minimum. When the periphery has 
an S-character shape, the vertex v can be arranged at a posi 
tion where the Volume change amounts on both sides of the 
edge are equalized. In this case, the position of the vertex v 
is deviated to either one of the ends of the edge in the case of 
the concave or convex shape. In case of the S-character 
shape, the vertex v is arranged in the middle of the S charac 
ter. Thus, both of an effect to suppress the volume change 
and an effect to absorb the continuous changes like an S 
character by the plane can beachieved. 

For example, an area having a small S-character shape 
like a saw tooth can be approximated by one plane in a 
general shape. A portion having a large change except the 
S-character shape can be approximated by a shape which is 
closer to the original shape. In the approximation in which 
the shape has a priority, Such a setting is also possible. The 
approximating methods can be selectively used in accor 
dance with the intention of the user. 

It is also possible not to change the vertex position 
remaining after the edge removal from the vertex position 
before the edge removal. That is, in the example shown in 
FIGS. 4A and 4B, after the edge e(V, V) was removed, only 
the vertex v is left as a new vertex v without changing the 
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position from the position before the removal. This is effec 
tive means when it is desirable not to move the position of a 
target vertex because the target vertex exists at a contact 
point with the other model or the like. 
When the edge is evaluated and removed and the new 

Vertex in association with the edge removal is determined in 
the steps up to step S5, a process regarding the texture 
adhered to each plane of the polygon model is executed in 
step S6. FIGS. GFIG.S. 6A and 6B schematically show 
examples in which image data (texture) is allocated to a 
certain plane on the polygon model. FIG. 6A shows a poly 
gon model itself comprising vertices IV to Vs v to vs. It 
shows that when an edge e(V, V) e(vs. v.) shown by a 
broken line is removed from the model shown in the left 
diagram, the model is approximated to a shape shown in the 
right diagram. 

FIG. 6B shows a state in which a texture is adhered to the 
polygon model shown in FIG. 6A. In this instance, for easy 
understanding, image data based on a portrait is used as a 
texture. Coordinates vt to Vts in FIG. 6B correspond to the 
vertices V to Vs in FIG. 6A, respectively. FIG. 6B, therefore, 
shows that the coordinates Vt to Vts in the diagram on the 
left side are changed as shown in a diagram on the right side 
in association with the removal of the edge e(V, V) e(vs, 
v in FIG. 6A. 
The vertex IV v is removed by the approximation of the 

polygon model and the two vertices V and V in this model 
are integrated to one vertex IV) vs'. In association with it, 
by removing the edge e(vs. Ve) comprising Va and V6, trian 
gular areas on both sides including the removed edge are 
lost. In this instance, unless the loss of those triangular areas 
is considered, the image data comprising the texture coordi 
nates Vt. Vita, and Vt vts, vita and vita and the image data 
comprising Vts, Vts, and Vltavts, vts, and vita are lost. 
As shown by the texture in the diagram on the right side in 

FIG. 6B, therefore, it is necessary to execute an integration 
and a position movement to the texture in accordance with 
the approximation of the edge removal. Thus, the continuous 
image data on the approximated model Surface can be repro 
duced. 

In this example, the vertices V and V are integrated on 
the polygon model and the vertex v remains. The remaining 
vertex IV v is set to a vertex IV, v'. The position of the 
vertex IV, v' is arranged at a predetermined distribution 
ratio t on the coordinates between the edge e(V, V) com 
prising V vs and V before approximation. In this case, the 
coordinates of the vertex v, can be calculated by (1-t)x 
V+txV) ((1-t)xv+txvi). When Osts1, the distribution 
coefficient t exists on the edge straight line of the edge e(vs. 
V) before approximation and, when t-0 or 1 <t, t exists out 
of the edge e(V, V). By changing a value of t, therefore, a 
shape change amount after the model was approximated by 
the edge removal can be controlled. 
As mentioned above, the vertices V and V are integrated 

on the polygon model and are set to the vertices V', and V. 
v' is arranged between the vertex v and the vertex v. The 
texture coordinates Vts and Vte corresponding to those two 
Vertices are, therefore, also integrated to the coordinates 
Vt vts after approximation and are set to coordinates Vt. 
The coordinates Vts are arranged between the coordinates 
Vtvt. and Vt before approximation. 
FIGS. 7A and 7B schematically show the integration of 

Vertices and the integration of texture coordinates in associa 
tion with the edge removal. FIG. 7A shows an example in 
which the integrated vertex IV, v' is arranged to the posi 
tion calculated by (1-t)xv+tXV) in association with the 
removal of the edge e(V, V). A distribution of the remaining 
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10 
texture coordinates can be obtained in a manner similar to 
the arrangement of the vertex v based on the distribution t. 
That is, as shown in FIG. 7B, as for the distribution of the 
remaining texture coordinates Vts' vts" by calculating 
((1-t)xVts+txVt) ((1-t)xvts+txvt) in a manner similar to 
the distribution t between the above vertices V and V, an 
image can be distributed in a form according to a change in 
model shape to which the image is adhered. Thus, as shown 
in the diagram on the right side of FIG. 6B, the textures can 
be continuously adhered to the polygon model. 

In this instance, when the position of the coordinates Vt) 
vts of the texture data corresponding to the vertex V vs on 
the polygon model is not changed in accordance with the 
change in model shape as mentioned above, for example, in 
the texture shown in FIG. 6B, an image existing at the posi 
tion of the face corresponding to the triangular plane includ 
ing the removed edge e(V, V)e(vs. v.) cannot be adhered 
to the model. 

With respect to an original polygon model shown in FIG. 
8A, for example, when the coordinates vt. on the texture 
allocated to the vertex v are made correspond to the remain 
ing vertex IV vs side from the integration relations of ver 
tices after the removal of the edge e without considering the 
image data allocated to the triangular plane which disap 
pears at the time of the removal of the edge e(V, V), e(vs. 
v), the portion of the face disappears as shown in FIG. 8B. 
Further, when the coordinates of Vt vt. before the edge 
removal are Succeeded as they are after the edge removal 
without considering the integration relation of the vertices at 
the time of the removal of the edge e, as shown in FIG. 8C, 
since the coordinates of the vertex vs change after the 
removal of the edge e and an area of each plane changes, the 
resultant image to which the texture was adhered is dis 
torted. That is, the texture data also needs to be changed in 
accordance with the change in plane and change in model 
Vertex position due to the edge removal. 
When the texture is adhered to the polygon model, there is 

a case where not only one texture but also a plurality of 
different textures are allocated to the model. In this case, a 
boundary in which the texture is switched from a certain 
texture to another texture exists. 

In case of adhering the texture to the polygon model, as 
mentioned above, the texture is allocated to each vertex of 
the model. Even in the boundary of the texture, therefore, the 
boundary is allocated to each vertex constructing the edge of 
the model. Further, as mentioned above, the approximation 
of the model is performed by repeating the edge removal 
only a desired number of times. In this instance, if the tex 
ture area allocated to the edge as a target of the removal is in 
the texture, as shown in FIGS. 6 and 7 mentioned above, the 
model can be approximated while holding a continuity of the 
image. 

However, when the area of the image allocated to the edge 
as a removal target exists just on the boundary of the image, 
the polygon model is approximated by the edge removal and 
since the vertex position is moved, a plurality of textures are 
mixed and the appearance of the texture is broken. To pre 
vent this, it is necessary to make a discrimination so as not to 
break the image boundary at the time of the edge removal 
and to decide sizes of a change of the outline portion by the 
edge removal. 
As shown in FIG. 9A, two different textures comprising 

an image of a hatched portion and an image of a face are 
both adhered to one polygon model. FIG.9B shows a certain 
continuous edge train in the model shown in FIG.9A. In the 
model shown in FIGS. 9A and 9B, for example, when the 
edge e(V, Vs) comprising the vertices V and Vs is removed 
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and the vertex v is left after the removal, when executing a 
process to arrange a vertex v based on the vertex V to the 
middle position of the edge e(V, Vs) as a removal target, an 
outline portion of the edge changes as shown in FIG.9C. 

In this case, since the outline portion of the face image has 
also been adhered to each of the vertices V to V, as shown 
in FIG.9D, the shapes of the two adhered images are broken. 
In this example, the shape of the lower portion of the face 
picture is largely changed and the image of the hatched 
region increases. As mentioned above, in the edges of the 
model to which the outline portion of the image is allocated, 
if the edge removal is simply repeated as mentioned above, 
the quality after the approximation is deteriorated. 

To prevent this, a removal evaluating function of the edge 
as a boundary portion of the texture is introduced and when 
the shape of the texture boundary is largely changed by the 
edge removal, it is necessary to use any one of the following 
methods. Namely, as a first method, the relevant edge is not 
removed. As a second method, although the edge is 
removed, a movement amount of the vertex position after the 
removal is adjusted. The following equation (2) is used as a 
removal evaluating function of each edge in this instance. 
FIG. 10 shows a diagram for explaining the equation (2). 

F(e)=XI(N; Ex L. (2) 

In the equation (2), E denotes the vector having the direc 
tion and length of the edge e, Ni indicates the normal vector 
of the edge, and Li the length of edge. A range of i corre 
sponds to the whole edge of the boundary lines existing 
before and after the edge as a removal target. The equation 
(2) denotes an area change amount when the edge of the 
boundary portion is removed. Therefore, when the calcula 
tion value of the equation (2) is large, a change of the outline 
portion by the edge removal is large. 

Namely, when the calculation value of the equation (2) is 
large, the area change in the outline portion of the texture 
increases, so that there is a fear of occurrence of the break 
age of the texture shape. To prevent this, there is a method 
whereby the relevant edge is not removed like the foregoing 
first method. However, like the foregoing second method, 
there is also a method whereby the texture coordinates after 
the edge removal are moved within a range where the value 
of the equation (2) is Smaller than the designated value, 
thereby consequently decreasing the change amount of the 
outline portion. By using the second method, the breakage of 
the texture after the approximation can be suppressed. 
As mentioned above, the approximated polygon model to 

which the texture having a desired precision is adhered can 
be obtained. In this case, when the texture is adhered to the 
original model, there is no need to again adhere the texture to 
the model after completion of the approximation and the 
approximated model with the texture can be automatically 
obtained. 
As mentioned above, the approximated model obtained by 

repeating the processes in steps S2 to S6 is stored in the 
external storing apparatus Such as hard disk 6 or memory 7. 
However, when displaying in step S8, the approximated 
model stored in the external storing apparatus is read out, 
drawn, and displayed to the display apparatus 8. As already 
described in the foregoing prior art, in this display, for 
example, when the model is displayed as a small image on 
the picture plane because it appears at a remote location or 
when the observer fails to notice the model because it is out 
of the target point on the picture plane, the model is Switched 
to the model of a layer that was approximated and the image 
is displayed. 
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Upon Switching to the approximated model, if the model 

is suddenly switched to the model in which a degree of 
approximation largely differs, a Sudden change occurs in the 
shape of the displayed model at a moment of the Switching 
and a feeling of disorder is given to the observer. 
To prevent that feeling of disorder, it is sufficient that a 

number of models whose approximation degrees are slightly 
changed are prepared and stored into the external storing 
apparatus and the display is performed while sequentially 
Switching those models. In this case, however, since an 
amount of models to be stored increases, it is not efficient. 
Therefore, to realize a Smooth continuous conversion even 
with a small number of models, it is sufficient to interpolate 
the model among the discrete layers and to obtain the model 
of the middle layer. 

For example, in the example shown in FIGS. 4A and 4B 
mentioned above, the vertex after the edge e(V, V) was 
removed is set to v'. However, as for the vertex v', it is 
considered that the Vertices V and V in the edge e(V, V) 
approach each other and become the vertex v. Namely, the 
vertices V and V are consequently integrated to the vertex 
v'. As mentioned above, since the correspondence relation of 
the vertices before and after the edge removal is known, the 
data between the data before and after the edge removal can 
be obtained by an interpolation from the data before and 
after the edge removal by using the correspondence relation 
of the vertices. 

Such a forming method of the approximated model in the 
middle layer between the discrete layers has already been 
described in detail in Japanese Patent Application No. 
6-248602 regarding the proposition of the present inventors. 

FIGS. 11A to 11C show the formation of the approxi 
mated model of the middle layer using the correspondence 
relation of the vertices between two layers as mentioned 
above. In FIGS. 11A to 11C, a layer before the edge removal 
is set to a layer N as shown in FIG. 11A and a layer after the 
edge removal is set to a layer N+1 as shown in FIG. 11C, 
thereby obtaining a model of a middle layer N' shown in 
FIG. 6B from those two layers. 

In the example, the vertices V, and V bounding the edge 
e(V, V) of the layer N are integrated to v in the layer N+1 
and the deleted vertex v is integrated to v. From the corre 
spondence relation of the vertices, in the middle layer N', the 
positions of vertices V, and IV, v' bounding an edge e' 
(V, V) e (v', v) corresponding to the edge e(V, V) of 
the layer N can be obtained by the linear interpolation 
between the layers N and N--1. Although the example in 
which one middle layer is obtained is shown here, a degree 
of linear interpolation is changed in accordance with a 
desired number of middle layers and a plurality of middle 
layers can be obtained. The formation of the approximated 
model of the middle layer can be performed in a real-time 
manner in accordance with a situation in which the model is 
displayed. 

Although the case where the approximated model of the 
middle layer is formed and displayed in a real-time manner 
while displaying the model has been described here, the 
invention is not limited to Such an example. For instance, it is 
also possible to practice the invention in a manner Such that 
the approximated model of the middle layer is previously 
formed and stored in the external storing apparatus and the 
stored approximated model of the middle layer is read out at 
the time of the display. 

Although the case where one edge is removed has been 
mentioned as an example here, since the edge removal is 
repeated a plurality of number of times in the approximation 
of the actual model, one vertex of a certain layer corresponds 
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to a plurality of vertices of another layer which is closer to 
the original model. By using the correspondence relation of 
the vertices in those two layers as mentioned above, the 
Vertices of the model can be made to correspond among all 
of the layers. The model of the middle layer is obtained on 
the basis of the correspondence relation of the vertices 
derived as mentioned above. 
As mentioned above, since the coordinates of the image 

data in the texture are allocated to each vertex of each model, 
in a manner similar to the case of the vertices of Such a 
model, the model to which the texture was adhered in the 
middle layer can be obtained by the interpolation of the tex 
ture coordinates Vt and Vt allocated to the vertices V and 
V, respectively. By such a process, the models in a range 
from the original model to the most approximated model can 
be smoothly continuously obtained. 
By the above processes, the discrete hierarchical approxi 

mated model can be obtained and the model of the middle 
layer can be also obtained. The approximated model 
obtained and stored as mentioned above is switched in 
accordance with the size, position, speed, and attention point 
of the viewer of the apparent model on the picture plane in 
the display apparatus 8 and is displayed in step S8. FIGS. 7A 
and 7B show examples of the approximated model derived 
by the embodiment. 

FIG. 12 schematically shows an example of the pro 
cessing results according to the embodiment. In this 
example, the original model is a sphere comprising 182 
vertices, 360 planes, and 279 texture coordinates. An image 
of the earth is adhered as a texture to the sphere. It is 
approximated for the original model by reducing every 60% 
in comparison of the number of vertices. FIG. 13 shows a 
wire frame state of a model when the texture of the same 
approximated model is not adhered. In FIG. 12, since the 
image is consistently held, it is difficult to know a degree of 
approximation, in the approximated State before the texture 
image is adhered as shown in FIG. 13, the progress of the 
approximation can be clearly seen. 
As specifically shown in FIG. 13, by using the present 

invention, even if the number of vertices is reduced to 36% 
or 21.6% of the original model, the hierarchical approxi 
mated model can be obtained without losing the general 
shape which the original model has. 

Although the case where the texture image is adhered to 
the polygon model has been described above, the invention 
can be also obviously applied to the case where the texture 
image is not adhered. In this case, step S6 can be omitted in 
the flowchart shown in FIG. 1 mentioned above. 
As described above, according to the invention, when 

image data (texture) is adhered to geometric data Such as 
polygon data which is used in the CG, the model can be 
approximated to a desired degree of details while preventing 
the breakage of the texture shape or an apparent deteriora 
tion of the quality. 

According to the invention, therefore, there is an effect 
such that the geometric model which is used in the CG can 
be approximated in a state in which the texture is adhered. 
There is also an effect such that not only is the model 
approximated but also the breakage of the appearance of the 
texture in the approximation result can be suppressed. 
By using the geometric model approximated by the 

method based on the invention, in the drawing of the CG, 
there is an effect such that a request for drawing of at a high 
speed and at a high picture quality can both be satisfied. 

Further, according to the invention, an importance degree 
of each edge constructing the geometric model which is used 
for the CG can be evaluated by an evaluation value. There is 
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an effect Such that the geometric model can be approximated 
by preferentially removing the edge of a low evaluation 
value of the edge. 

According to the invention, the position of the vertex 
remaining after the edge was removed can be determined so 
as to Suppress a change in general shape. Thus, there is an 
effect such that a feeling of disorder upon looking when 
drawing by using the approximated model can be Sup 
pressed. 

According to the invention, figure data which is used in 
the CG can be approximated by a plurality of resolutions. 
There is an effect such that by using the figure data derived 
by the invention, both of the goals of drawing at a high speed 
and drawing with a high quality can be satisfied. 
The present invention is not limited to the foregoing 

embodiments but many modifications and variations are pos 
sible within the spirit and scope of the appended claims of 
the invention. 
What is claimed is: 
1. A method of approximating an image by decreasing an 

amount of image data used to create the image, wherein said 
image data defines a polygonal framework, said framework 
being composed of line segments drawn between Vertices, 
said method comprising: 

evaluating a degree of importance of each line segment of 
said framework; 

removing at least one unnecessary line segment from said 
framework which is identified based on said evaluation 
of said degree of importance of each line segment; and 

determining a position of a vertex after said unnecessary 
line segment is removed, 

wherein said framework is drawn on a display apparatus. 
2. The method of claim 1, wherein said image data defines 

a 3-dimensional polygonal framework. 
3. The method of claim 1, wherein said evaluating a 

degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

4. The method of claim 3, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a line segment a degree of importance in direct 
proportion to the amount of Volume change caused by 
removal of that line segment. 

5. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

6. The method of claim 5, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

7. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

8. The method of claim 7, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a degree of importance to a particular line segment 
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in direct proportion to said amount by which said area of 
said polygonal framework is changed by removal of that line 
Segment. 

9. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

10. The method of claim 9, wherein said evaluating a 
degree of importance of each line segment further comprises 
calculating a sum of results of an equation EXA for poly 
gons sided by said particular line segment, wherein “E” is 
length of that line segment, 'A' is an area of a polygon sided 
by said particular line segment. 

11. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of said line segments. 

12. The method of claim 11, wherein said evaluating a 
degree of importance of said line segments further comprises 
assigning a degree of importance to each line segment in 
direct proportion to a length of that line segment. 

13. The method of claim 1, wherein if two or more line 
segments are assigned an identical degree of importance, 
said method further comprises assigning a lowest degree of 
importance among said two or more line segments to that 
line segment of said two or more line segments with a short 
est length. 

14. The method of claim 1, further comprising repeating 
said steps of evaluating a degree of importance of each line 
segment; removing an unnecessary line segment; and deter 
mining a position of a vertex after said unnecessary line 
segment is removed. 

15. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 

16. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

17. The method of claim 16, further comprising specify 
ing one or more of said line segments as of high importance, 
wherein said evaluating a degree of importance of each line 
segment further comprises preventing said one or more high 
importance line segments from being designated as said 
unnecessary line segment. 

18. The method of claim 1, wherein said determining a 
position of a vertex after said unnecessary line segment is 
removed comprises positioning said vertex at said position 
Such that a total loss of area between a framework including 
said unnecessary line segment and a framework in which 
said unnecessary line segment is removed is minimized. 

19. The method of claim 1, wherein said determining a 
position of a vertex after said unnecessary line segment is 
removed comprises positioning a vertex at a position Such 
that a loss of area to said framework caused by removal of 
said unnecessary line segment is approximately equal for 
portions of said framework on opposite sides of said vertex. 

20. The method of claim 1, wherein said determining a 
position of a vertex after said unnecessary line segment is 
removed comprises positioning said vertex at a position cor 
responding to an end of said removed unnecessary line seg 
ment. 

21. The method of claim 1, further comprising, generating 
an intermediate configuration of said image data by decreas 
ing a length of said unnecessary line segment prior to said 
step of removing said unnecessary line segment. 
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22. The method of claim 1, further comprising, generating 

an intermediate polygonal framework between an original 
framework including said unnecessary line segment and a 
new framework with said unnecessary line segment 
removed. 

23. The method of claim 22, wherein said generating an 
intermediate framework comprises locating a vertex anat a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said step of 
determining a position of a vertex after said unnecessary line 
segment is removed. 

24. The method of claim 23, wherein said locating a ver 
tex at an intermediate position comprises using a linear inter 
polation on said vertex position in said original framework 
and said vertex position determined in said step of determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

25. The method of claim 1, further comprising reconfigur 
ing a texture applied to said framework to account for said 
removing of said unnecessary line segment. 

26. The method of claim 1, wherein said evaluation of a 
degree of importance of each line segment is based in part on 
an evaluation of the degree of importance of line segments 
contiguous to a particular line segment being evaluated. 

27. The method of claim 1, further comprising reconfigur 
ing said framework after said unnecessary line segment has 
been removed by placing a new vertex at said position iden 
tified in said step of determining a position of a vertex. 

28. The method of claim 27, wherein said reconfiguring 
comprises using said new vertex to replace a previous vertex 
located at an end of said unnecessary, removed line segment. 

29. The method of claim 1, wherein said evaluating a 
degree of said line segment is performed on the basis of a 
removal importance value of the line segment obtained from 
a change amount of said image data caused by the removing 
of said line segment and on the basis of an assigned impor 
tance value of the line segment assigned by a user. 

30. The method of claim 29, wherein said evaluating a 
degree of importance of the line segment decides that the 
degree of importance of said line segment is Small, if said 
removal importance value and said assigned importance 
value are both small. 

31. The method of claim 29, wherein said assigned impor 
tance value is a removing order of said line segments. 

32. The method of claim 17, wherein said specifying the 
at least one line segment as of high importance is performed 
by a user. 

33. The method of claim 17, wherein said specifying the 
at least one line segment as of high importance specifies a 
portion where more than two image data are adjacent. 

34. The method of claim 18, wherein when the shape of 
the portion that includes said unnecessary line segment is a 
concave or convex shape, said vertex is positioned where 
said total loss of area is minimized. 

35. The method of claim 19, wherein when the shape of 
the portion where said unnecessary line segment is a 
S-character shape, said vertex is arranged at a position where 
a loss of area between said original framework and said 
reconfigured framework is equal on both sides of said vertex. 

36. The method of claim 1, wherein said determining a 
position of said vertex determines the vertex at a position of 
one of the vertices of the removal line segment. 

37. The method of claim 1, further comprising, generating 
an intermediate configuration of said image data by decreas 
ing a length of said unnecessary line segment. 

38. The method of claim 1, further comprising, generating 
a framework at an intermediate layer between an original 
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framework which is the polygonal framework before said 
unnecessary line segment is removed and a reconfigured 
framework which is the polygonal framework after said 
unnecessary line segment is removed by determining a posi 
tion of vertices in the intermediate layer on the basis of the 
relation of the position of said vertices between said original 
framework and said reconfigured framework. 

39. The method of claim 38, said position of said vertices 
at said intermediate layer is determined by the interpolation 
of said position of said vertices in said original framework 
and said reconfigured framework. 

40. The method of claim 39, said interpolation is a linear 
interpolation. 

41. The method of claim 1, wherein said removing of said 
unnecessary line segment removes either one of two vertices 
constructing the unnecessary line segment; and wherein said 
determining of a position of said vertex determines the shift 
amount of the vertex which is constructing the unnecessary 
line segment and not removed on said removing of said 
unnecessary line segment. 

42. A method of approximating an image by decreasing an 
amount of image data used to create the image, wherein said 
image data defines a polygonal framework formed of poly 
gons to which textures or pictures are applied, said polygons 
of said framework being composed of line segments con 
nected between vertices, said method comprising: 

evaluating a degree of importance of each line segment of 
said framework; 

removing an unnecessary line segment identified by said 
step of evaluating a degree of importance of each line 
Segment, 

reconfiguring said framework to account for said removal 
of said line segment; and 

reconfiguring said textures or pictures applied to said 
framework to account for said removal of said line 
Segment, 

wherein said framework is drawn on a display apparatus. 
43. The method of claim 42, wherein said reconfiguring 

the textures or pictures applied to the framework is pre 
formed altering an association between a vertex of said 
unnecessary line segment and any of said textures or pic 
tures. 

44. The method of claim 42, wherein: 
said reconfiguring of said framework comprises replacing 
two vertices of said framework, between which said 
unnecessary, removed line segment had been 
connected, with a single new vertex; and 

said reconfiguring the textures or pictures applied to the 
framework comprises determining a new position on 
said textures or pictures corresponding to a position of 
said single new vertex in said framework. 

45. The method of claim 44, wherein said reconfiguring of 
said textures or pictures applied to the framework comprises 
determining said new position by interpolation between two 
points on the textures or pictures which correspond to the 
unnecessary line segment. 

46. The method of claim 45, wherein said interpolation is 
a linear interpolation. 

47. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment of said frame 
work further comprises preventing any line segment existing 
on an outline of any of said textures or pictures from being 
designated as said unnecessary line segment. 

48. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment of said frame 
work further comprises preventing any line segment, which 
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exists on an outline of any of said textures or pictures from 
being designated as said unnecessary line segment if a 
change in an area of said texture or picture resulting from 
removal of that line segment exceeds a predetermined value. 

49. The method of claim 48, wherein said area change 
amount after the line segment removal is obtained on the 
basis of a calculation of Sum of results of an equation 
(NE)xL at line segments corresponding to the boundary 
lines of the texture or picture existing before and after the 
line segment to be removed, wherein “E” is representing that 
line segment, "L' is a length of line segment corresponding 
to the boundary lines of the texture or picture, “N” is a 
normal vector of said line segments, “” is a inner product, 
and “x' is a product. 

50. The method of claim 42, wherein said image data 
defines a 3-dimensional polygonal framework. 

51. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

52. The method of claim 51, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a line segment a degree of importance in direct 
proportion to the amount of Volume change caused by 
removal of that line segment. 

53. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

54. The method of claim 53, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

55. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

56. The method of claim 55, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a degree of importance to a particular line segment 
in direct proportion to said amount by which said area of 
said polygonal framework is changed by removal of that line 
Segment. 

57. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

58. The method of claim 57, wherein said evaluating a 
degree of importance of each line segment further comprises 
calculating a sum of results of an equation EXA for poly 
gons sided by said particular line segment, wherein “E” is 
length of that line segment, 'A' is an area of a polygon sided 
by said particular line segment. 

59. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of said line segments. 

60. The method of claim 59, wherein said evaluating a 
degree of importance of said line segments further comprises 
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assigning a degree of importance to each line segment in 
direct proportion to a length of that line segment. 

61. The method of claim 42, wherein if two or more line 
segments are assigned an identical degree of importance, 
said method further comprises assigning a lowest degree of 
importance among said two or more line segments to that 
line segment of said two or more line segments with a short 
est length. 

62. The method of claim 42, further comprising repeating 
said steps of evaluating a degree of importance of each line 
segment; removing an unnecessary line segment; reconfigur 
ing said framework; and reconfiguring said textures or pic 
tures. 

63. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 

64. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

65. The method of claim 64, further comprising specify 
ing one or more of said line segments as of high importance, 
wherein said evaluating a degree of importance of each line 
segment further comprises preventing said one or more high 
importance line segments from being designated as said 
unnecessary line segment. 

66. The method of claim 42, wherein said reconfiguring 
said framework comprises positioning a vertex at a position 
Such that a total loss of area between a framework including 
said unnecessary line and a framework in which said unnec 
essary line segment is removed is minimized. 

67. The method of claim 42, wherein said reconfiguring 
said framework comprises positioning a vertex at a position 
Such that a loss of area to said framework caused by removal 
of said unnecessary line segment is approximately equal for 
portions of said framework on opposite sides of said vertex. 

68. The method of claim 42, wherein said reconfiguring 
said framework comprises positioning a new vertex at a 
position corresponding to an end of said removed unneces 
sary line segment. 

69. The method of claim 42, further comprising, generat 
ing an intermediate configuration of said image data by 
decreasing a length of said unnecessary line segment prior to 
said step of removing said unnecessary line segment. 

70. The method of claim 42, further comprising, generat 
ing an intermediate polygonal framework between an origi 
nal framework including said unnecessary line segment and 
a new framework with said unnecessary line segment 
removed. 

71. The method of claim 70, wherein said generating an 
intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said step of 
determining a position of a vertex after said unnecessary line 
segment is removed. 

72. The method of claim 71, wherein said locating a ver 
tex at an intermediate position comprises using a linear inter 
polation on said vertex position in said original framework 
and said vertex position determined in said step of determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

73. The method of claim 42, wherein said evaluating a 
degree of importance of each line segment is based in part on 
an evaluation of a degree of importance of line segments 
contiguous to a particular line segment being evaluated. 

74. The method of claim 42, wherein said reconfiguring 
said framework comprises using a new vertex to replace a 
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previous vertex located at an end of said unnecessary, 
removed line segment. 

75. The method of claim 42, wherein said reconfiguring 
said textures or pictures applied to said framework decides a 
new position of the corresponding point on said textures or 
pictures where an area change amount of said textures or 
pictures to be influenced by the approximation lies within a 
predetermined range. 

76. The apparatus method of claim 44, wherein said 
reconfiguring of said textures or pictures applied to the 
framework comprises determining said new position by 
interpolation between two points on the textures or pictures 
which correspond to the unnecessary line segment. 

77. An apparatus for use with a display device that 
approximates an image by decreasing an amount of image 
data used to create the image, wherein said image data 
defines a polygonal framework, said framework being com 
posed of line segments drawn between vertices, said device 
apparatus comprising: 

a memory unit for storing said image data; and 
a processor connected to said memory unit, wherein said 

processor is programmed to: 
(a) assign an importance value to each line segment of 

said framework; 
(b) remove from said framework that line segment hav 

ing a lowest importance value; and 
(c) reconfigure said framework to account for said 

removal of said line segment having said lowest 
importance value. 

78. The apparatus of claim 77, further comprising an input 
device inputting said image data to said processor for storage 
in said memory unit. 

79. The apparatus of claim 78, wherein said input device 
comprises a floppy disk drive. 

80. The apparatus of claim 78, wherein said input device 
comprises a magneto-optical disk drive. 

81. The apparatus of claim 77, further comprising a user 
input device for inputting data to said processor. 

82. The apparatus of claim 81, wherein said user input 
device comprises a keyboard. 

83. The apparatus of claim 77, wherein said processor is 
further programmed to reconfigure texture and pictures 
applied to said framework to account for removal of said line 
Segment. 

84. The apparatus of claim 77, said processor, in perform 
ing said reconfiguration of said framework, is programmed 
to replace two vertices of said framework, between which 
said removed line segment had been connected, with a single 
new Vertex. 

85. The apparatus of claim 77, wherein said image data 
defines a 3-dimensional polygonal framework. 

86. The apparatus of claim 77, said processor, in perform 
ing said assignment of importance values, is programmed to 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

87. The apparatus of claim 86, said processor, in perform 
ing said assignment of importance values, is programmed to 
assign a line segment an importance value in direct propor 
tion to the amount of Volume change caused by removal of 
that line segment. 

88. The apparatus of claim 77, said processor, in perform 
ing said assignment of importance values, is programmed to 
use a vector (E) which represents a particular line segment, 
an area (A) of a polygon within said polygonal framework, 
wherein said particular line segment is a side of said 
polygon, and a vector (N) normal to a plane of said polygon. 



US RE42,366 E 
21 

89. The apparatus of claim 88, 
wherein said processor assigns an importance value to 

each line segment by calculating an importance of a 
particular line segment by (NE)xA. 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

90. The apparatus of claim 77, said processor, in perform 
ing said assignment of importance values, is programmed to 
determine an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

91. The apparatus of claim 90, wherein said processor 
assigns an importance value to a particular line segment in 
direct proportion to said amount by which said area of said 
polygonal framework is changed by removal of that line 
Segment. 

92. The apparatus of claim 77, wherein said processor, in 
performing said assignment of importance values, assigns an 
importance value to each line segment based on a length of a 
particular line segment and an area of a polygon within said 
polygonal framework of which said particular line segment 
is a side. 

93. The apparatus of claim 77, wherein said processor 
assigns an importance value to each line segment by calcu 
lating a sum of results of an equation EXA for polygons 
sided by said particular line segment, wherein “E” is length 
of that line segment, 'A' is an area of a polygon sided by 
said particular line segment. 

94. The apparatus of claim 77, wherein said processor, in 
performing said assignment of importance values, is pro 
grammed to assign an importance value to each line segment 
based on a length of said line segments. 

95. The apparatus of claim 77, wherein said processor 
assigns an importance value to each line segment in direct 
proportion to a length of that line segment. 

96. The apparatus of claim 77, wherein if two or more line 
segments are assigned an identical degree of importance, 
said processor assigns a lowest degree of importance among 
said two or more line segments to that line segment of said 
two or more line segments with a shortest length. 

97. The apparatus of claim 77, wherein said processor is 
further programmed to repeat said assignment of an impor 
tance value to each line segment, said removal of that line 
segment with the lowest importance value; and said recon 
figuration said framework. 

98. The apparatus of claim 77, wherein said processor is 
programmed to assign an importance value to each line seg 
ment based on an amount by which an amount of said image 
data is changed by removal of a particular line segment. 

99. The apparatus of claim 77, wherein said processor is 
programmed to assign an importance value to each line seg 
ment based on importance values assigned by a user to one 
or more of said line segments. 

100. The apparatus of claim 77, wherein said processor is 
programmed to reconfigure said framework by positioning a 
new vertex at a position Such that a total loss of area between 
a framework including said line segment having said lowest 
importance value and a framework containing said new ver 
tex and in which said lowest-importance-value line segment 
is removed is minimized. 

101. The apparatus of claim 77, wherein said processor is 
programmed to reconfigure said framework by positioning a 
new vertex at a position Such that a loss of area to said 
framework caused by removal of said lowest-importance 
value line segment is approximately equal for portions of 
said framework on opposite sides of said new vertex. 
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102. The apparatus of claim 77, wherein said processor is 

programmed to reconfigure said framework by positioning a 
Vertex at a position corresponding to an end of said removed 
lowest-importance-value line segment. 

103. The apparatus of claim 77, wherein said processor is 
programmed to generate an intermediate configuration of 
said image data by decreasing a length of said lowest 
importance-value line segment. 

104. The apparatus of claim 77, wherein said processor is 
programmed to reconfigure said framework by generating a 
new vertex to replace a previous vertex located at an end of 
said removed, lowest-importance-value line segment. 

105. A method of approximating an image by decreasing 
an amount of image data used to create the image, wherein 
said image data defines a polygonal framework, said frame 
work being composed of line segments drawn between 
Vertices, said method comprising: 

assigning an importance value to each line segment of 
said framework; 

removing from said framework that line segment having a 
lowest importance value; and 

reconfiguring said framework to account for said removal 
of said line segment having said lowest importance 
value, 

wherein said framework is drawn on a display apparatus. 
106. The method of claim 105, wherein said reconfiguring 

further comprises replacing two vertices of said framework, 
between which said removed line segment had been 
connected, with a single new vertex. 

107. The method of claim 105, wherein said image data 
defines a 3-dimensional polygonal framework. 

108. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

109. The method of claim 108, wherein said assigning an 
importance value to each line segment further comprises 
assigning a line segment an importance value in direct pro 
portion to the amount of Volume change caused by removal 
of that line segment. 

110. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed using a 
vector (E) which represents a particular line segment, an 
area (A) of a polygon within said polygonal framework, 
wherein said particular line segment is a side of said 
polygon, and a vector (N) normal to a plane of said polygon. 

111. The method of claim 110, 
wherein said assigning an importance value to each line 

segment further comprises calculating an importance of 
a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

112. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed based on 
an amount by which an area of said polygonal framework 
defined by said image data is changed by removal of a par 
ticular line segment. 

113. The method of claim 112, wherein said assigning an 
importance value to each line segment further comprises 
assigning an importance value to a particular line segment in 
direct proportion to said amount by which said area of said 
polygonal framework is changed by removal of that line 
Segment. 

114. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed based on 
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a length of a particular line segment and an area of a polygon 
within said polygonal framework of which said particular 
line segment is a side. 

115. The method of claim 114, wherein said assigning an 
importance value to each line segment further comprises cal 
culating a sum of results of an equation EXA for polygons 
sided by said particular line segment, wherein “E” is length 
of that line segment, 'A' is an area of a polygon sided by 
said particular line segment. 

116. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed based on 
a length of said line segments. 

117. The method of claim 116, wherein said assigning an 
importance value to each of said line segments further com 
prises assigning an importance value to each line segment in 
direct proportion to a length of that line segment. 

118. The method of claim 105, wherein if two or more line 
segments are assigned an identical degree of importance, 
said method further comprises assigning a lowest degree of 
importance among said two or more line segments to that 
line segment of said two or more line segments with a short 
est length. 

119. The method of claim 105, further comprising repeat 
ing said steps of assigning an importance value to each line 
segment; removing that line segment with the lowest impor 
tance value; and reconfiguring said framework. 

120. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed based on 
an amount by which an amount of said image data is 
changed by removal of a particular line segment. 

121. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed based on 
importance values assigned by a user to one or more of said 
line segments. 

122. The method of claim 121, further comprising speci 
fying one or more of said line segments as of high 
importance, wherein assigning an importance value to each 
line segment further comprises preventing said one or more 
high importance line segments from being removed. 

123. The method of claim 105, wherein said reconfiguring 
comprises positioning a new vertex at a position Such that a 
total loss of area between a framework including said line 
segment having said lowest importance value and a frame 
work comprising said new vertex and in which said lowest 
importance-value line segment is removed is minimized. 

124. The method of claim 105, wherein said reconfiguring 
comprises positioning a vertex at a position Such that a loss 
of area to said framework caused by removal of said lowest 
importance-value line segment is approximately equal for 
portions of said framework on opposite sides of said vertex. 

125. The method of claim 105, wherein said reconfiguring 
comprises positioning a vertex at a position corresponding to 
an end of said removed lowest-importance-value line seg 
ment. 

126. The method of claim 105, further comprising, gener 
ating an intermediate configuration of said image data by 
decreasing a length of said lowest-importance-value line 
segment prior to said step of removing said lowest 
importance-value line segment. 

127. The method of claim 105, further comprising, gener 
ating an intermediate polygonal framework between an 
original framework including said lowest-importance-value 
line segment and a new reconfigured framework with said 
lowest-importance-value line segment removed. 

128. The method of claim 127, wherein said generating an 
intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
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framework and a new vertex position determined in said step 
of reconfiguring. 

129. The method of claim 128, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said new vertex position determined in said step of 
reconfiguring. 

130. The method of claim 105, further comprising recon 
figuring a texture applied to said framework to account for 
said removing of said lowest-importance-value line seg 
ment. 

131. The method of claim 105, wherein said assigning an 
importance value to each line segment is done in accordance 
with an assigned importance value of line segments contigu 
ous to a particular line segment being evaluated. 

132. The method of claim 105, wherein said reconfiguring 
comprises using a new vertex to replace a previous vertex 
located at an end of said removed, lowest-importance-value 
line segment. 

133. The method of claim 105, wherein said assigning an 
importance value to each line segment comprises deciding 
that the degree of importance of said line segment is Small as 
said change amount of said Volume is Small. 

134. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed on the 
basis of a vector which is representing said line segment, an 
area of a plane of said image data which is composed by at 
least one of said vertices of said line segment, and a normal 
vector at said plane. 

135. The method of claim 105, wherein said assigning an 
importance value to each line segment is performed on the 
basis of a change amount of area of the image specified by 
said image data when said line segment is removed. 

136. The method of claim 135, wherein said assigning an 
importance value to each line segment comprises deciding 
that the degree of importance of said line segment is Small as 
said change amount of said area is Small. 

137. The method of claim 105, wherein said assigning an 
importance value to each line segment comprises deciding 
that the degree of importance of said line segment is Small as 
said length of said line segment is short. 

138. The method of claim 105, wherein when two or more 
edges are assigned an identical degree of importance, a 
shortest line segment of said line segments receiving an 
identical degree of importance is said unnecessary edge. 

139. The method of claim 105, further comprising repeat 
ing the step of said evaluating a degree of importance of the 
line segment, the step of said removing said unnecessary line 
segment, and the step of said determining said position of 
said vertex after said unnecessary line segment is removed. 

140. The method of claim 105, wherein said evaluating a 
degree of said line segment is performed on the basis of a 
removal importance value of the line segment obtained from 
a change amount of said image data caused by the removing 
of said line segment and on the basis of an assigned impor 
tance value of the line segment assigned by a user. 

141. The method of claim 140, wherein said evaluating a 
degree of importance of the line segment decides that the 
degree of importance of said line segment is Small, if said 
removal importance value and said assigned importance 
value are both small. 

142. The method of claim 140, wherein said assigned 
importance value is a removing order of said line segments. 

143. The method of claim 105, further comprising speci 
fying at least one said line segment as of high importance, 
wherein said evaluating a degree of importance of said at 
least one line segment further comprises preventing said at 
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least one high importance line segment from being desig 
nated as said unnecessary line segment. 

144. The method of claim 143, wherein said specifying 
the at least one line segment as of high importance is per 
formed by a user. 

145. The method of claim 143, wherein said specifying 
the at least one line segment as of high importance specifies 
a portion where more than two image data are adjacent. 

146. The method of claim 105, wherein said vertex is 
decided at a position where a total loss of area between the 
original framework which is the framework before line seg 
ment removing and the reconfigured framework which is the 
framework after said line segment removing is minimized. 

147. The method of claim 146, wherein when the shape of 
the portion where said removal line segment is a concave or 
convex shape, said vertex is decided at a position where a 
total loss of area between said original framework and said 
reconfigured framework is minimized. 

148. The method of claim 105, wherein said vertex is 
decided at a position where a loss of area between the origi 
nal framework which is the framework before line segment 
removing and the reconfigured framework which is the 
framework after line segment removing is equal on both 
sides of said vertex. 

149. The method of claim 148, wherein when the shape of 
the portion where said removal line segment is a S-character 
shape, said vertex is arranged at a position where a loss of 
area between said original framework and said reconfigured 
framework is equal on both sides of said vertex. 

150. The method of claim 105, wherein said determining a 
position of said vertex determines the vertex at a position of 
one of the vertices of the removal line segment. 

151. The method of claim 105, further comprising, gener 
ating an intermediate configuration of said image data by 
decreasing a length of said unnecessary line segment. 

152. The method of claim 105, further comprising, gener 
ating an framework at intermediate layer between said origi 
nal framework which is the framework before line segment 
removing and said reconfigured framework which is the 
framework after line segment removing by determining a 
position of vertices in the intermediate layer on the basis of 
the relation of vertices position between said original frame 
work and said reconfigured framework. 

153. The method of claim 105, further comprising recon 
figuring a texture applied to said framework to account for 
said removing of said unnecessary line segment. 

154. The method of claim 105, wherein said evaluation of 
degree of importance of the line segment is performed on the 
basis of an evaluation value of said line segment and evalua 
tion values of peripheral line segments. 

155. The method of claim 105, wherein said removing of 
unnecessary line segment removes either one or two vertices 
constructing the unnecessary line segment; and 

said determining of a position of vertex determines 
amount of shift the vertex which is constructing the 
unnecessary line segment and not removed on said 
removing of unnecessary line segment. 

156. An apparatus for approximating an image by 
decreasing an amount of image data used to create the 
image, wherein said image data defines a polygonal 
framework, said framework being composed of line seg 
ments drawn between vertices, said apparatus comprising: 

a memory unit configured to store said image data, and 
a processing apparatus for configured to: 

evaluating evaluate a degree of importance of each 
line segment of said framework; 

removing remove at least one unnecessary line seg 
ment from said framework which is identified based 
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on said evaluation of said degree of importance of 
each line segment; and 

determining determine a position of a vertex after said 
unnecessary line segment is removed. 

157. The apparatus of claim 156, wherein said image data 
defines a 3-dimensional polygonal framework. 

158. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

159. The apparatus of claim 158, wherein said evaluating 
a degree of importance of each line segment further com 
prises assigning a line segment a degree of importance in 
direct proportion to the amount of Volume change caused by 
removal of that line segment. 

160. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

161. The apparatus of claim 160, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

162. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

163. The apparatus of claim 162, wherein said evaluating 
a degree of importance of each line segment further com 
prises assigning a degree of importance to a particular line 
segment in direct proportion to said amount by which said 
area of said polygonal framework is changed by removal of 
that line segment. 

164. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

165. The apparatus of claim 164, wherein said evaluating 
a degree of importance of each line segment further com 
prises calculating a sum of results of an equation EXA for 
polygons sided by said particular line segment, wherein 
“E” is length of that line segment, 'A' is an area of a poly 
gon sided by said particular line segment. 

166. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
based on a length of said line segments. 

167. The apparatus of claim 166, wherein said evaluating 
a degree of importance of said line segments further com 
prises assigning a degree of importance to each line segment 
in direct proportion to a length of that line segment. 

168. The apparatus of claim 156, wherein if two or more 
line segments are assigned an identical degree of 
importance, said processing apparatus assigns a lowest 
degree of importance among said two or more line segments 
to that line segment of said two or more line segments with a 
shortest length. 

169. The apparatus of claim 156, wherein said processing 
apparatus repeats said evaluating a degree of importance of 
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each line segment, said removing an unnecessary line seg 
ment; and said determining a position of a vertex after said 
unnecessary line segment is removed. 

170. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 

171. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

172. The apparatus of claim 171, said processing appara 
tus specifies one or more of said line segments as of high 
importance, wherein said evaluating a degree of importance 
of each line segment further comprises preventing said one 
or more high importance line segments from being desig 
nated as said unnecessary line segment. 

173. The apparatus of claim 156, wherein said determin 
ing a position of a vertex after said unnecessary line segment 
is removed comprises positioning said vertex at said position 
Such that a total loss of area between a framework including 
said unnecessary line segment and a framework in which 
said unnecessary line segment is removed is minimized. 

174. The apparatus of claim 156, wherein said determin 
ing a position of a vertex after said unnecessary line segment 
is removed comprises positioning a vertex at a position Such 
that a loss of area to said framework caused by removal of 
said unnecessary line segment is approximately equal for 
portions of said framework on opposite sides of said vertex. 

175. The apparatus of claim 156, wherein said determin 
ing a position of a vertex after said unnecessary line segment 
is removed comprises positioning said vertex at a position 
corresponding to an end of said removed unnecessary line 
Segment. 

176. The apparatus of claim 156, said processing appara 
tus generates an intermediate configuration of said image 
data by decreasing a length of said unnecessary line segment 
prior to said step of removing said unnecessary line segment. 

177. The apparatus of claim 156, said processing appara 
tus generates an intermediate polygonal framework between 
an original framework including said unnecessary line seg 
ment and a new framework with said unnecessary line seg 
ment removed. 

178. The apparatus of claim 177, wherein said generating 
an intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said step of 
determining a position of a vertex after said unnecessary line 
segment is removed. 

179. The apparatus of claim 178, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said vertex position determined in said determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

180. The apparatus of claim 156, said processing appara 
tus reconfigures a texture applied to said framework to 
account for said removing of said unnecessary line segment. 

181. The apparatus of claim 156, wherein said evaluation 
of a degree of importance of each line segment is based in 
part on an evaluation of the degree of importance of line 
segments contiguous to a particular line segment being 
evaluated. 

182. The apparatus of claim 156, said processing appara 
tus reconfigures said framework after said unnecessary line 
segment has been removed by placing a new vertex at said 
position identified in said step of determining a position of a 
Vertex. 
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183. The apparatus of claim 182, wherein said reconfigur 

ing comprises using said new vertex to replace a previous 
Vertex located at an end of said unnecessary, removed line 
Segment. 

184. An apparatus for approximating an image by 
decreasing an amount of image data used to create the 
image, wherein said image data defines a polygonal frame 
work formed of polygons to which textures or pictures are 
applied, said polygons of said framework being composed of 
line segments connected between vertices, said apparatus 
comprising: 

a memory unit configured to store said image data, and 
a processing apparatus for configured to: 

evaluating evaluate a degree of importance of each 
line segment of said framework; 

removing remove an unnecessary line segment identi 
fied by said step of evaluating a degree of importance 
of each line segment; 

reconfiguring reconfigure said framework to account 
for said removal of said line segment; and 

reconfiguring reconfigure said textures or pictures 
applied to said framework to account for said 
removal of said line segment. 

185. The apparatus of claim 184, wherein said reconfigur 
ing the textures or pictures applied to the framework is pre 
formed altering an association between a vertex of said 
unnecessary line segment and any of said textures or pic 
tures. 

186. The apparatus of claim 184, wherein: 
said reconfiguring of said framework comprises replacing 
two vertices of said framework, between which said 
unnecessary, removed line segment had been 
connected, with a single new vertex; and 

said reconfiguring the textures or pictures applied to the 
framework comprises determining a new position on 
said textures or pictures corresponding to a position of 
said single new vertex in said framework. 

187. The apparatus of claim 186, wherein said interpola 
tion is a linear interpolation. 

188. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment of said frame 
work further comprises preventing any line segment existing 
on an outline of any of said textures or pictures from being 
designated as said unnecessary line segment. 

189. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment of said frame 
work further comprises preventing any line segment, which 
exists on an outline of any of said textures or pictures from 
being designated as said unnecessary line segment if a 
change in an area of said texture or picture resulting from 
removal of that line segment exceeds a predetermined value. 

190. The apparatus of claim 189, wherein said area 
change amount after the line segment removal is obtained on 
the basis of a calculation of Sum of results of an equation 
(NE)xL at line segments corresponding to the boundary 
lines of the texture or picture existing before and after the 
line segment to be removed, wherein “E” is representing that 
line segment, "L' is a length of line segment corresponding 
to the boundary lines of the texture or picture, “N” is a 
normal vector of said line segments, “” is a inner product, 
and “x' is a product. 

191. The apparatus of claim 184, wherein said image data 
defines a 3-dimensional polygonal framework. 

192. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 
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193. The apparatus of claim 192, wherein said evaluating 
a degree of importance of each line segment further com 
prises assigning a line segment a degree of importance in 
direct proportion to the amount of Volume change caused by 
removal of that line segment. 

194. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

195. The apparatus of claim 194, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

196. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

197. The apparatus of claim 196, wherein said evaluating 
a degree of importance of each line segment further com 
prises assigning a degree of importance to a particular line 
segment in direct proportion to said amount by which said 
area of said polygonal framework is changed by removal of 
that line segment. 

198. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

199. The apparatus of claim 198, wherein said evaluating 
a degree of importance of each line segment further com 
prises calculating a sum of results of an equation EXA for 
polygons sided by said particular line segment, wherein 
“E” is length of that line segment, “A” is an area of a poly 
gon sided by said particular line segment. 

200. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
based on a length of said line segments. 

201. The apparatus of claim 200, wherein said evaluating 
a degree of importance of said line segments further com 
prises assigning a degree of importance to each line segment 
in direct proportion to a length of that line segment. 

202. The apparatus of claim 184, wherein if two or more 
line segments are assigned an identical degree of 
importance, said processing apparatus assigns a lowest 
degree of importance among said two or more line segments 
to that line segment of said two or more line segments with a 
shortest length. 

203. The apparatus of claim 184, said processing appara 
tus repeats said steps of evaluating a degree of importance of 
each line segment; removing an unnecessary line segment; 
reconfiguring said framework; and reconfiguring said tex 
tures or pictures. 

204. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 

205. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

30 
206. The apparatus of claim 205, said processing appara 

tus specifies one or more of said line segments as of high 
importance, wherein said evaluating a degree of importance 
of each line segment further comprises preventing said one 
or more high importance line segments from being desig 
nated as said unnecessary line segment. 

207. The apparatus of claim 184, wherein said reconfigur 
ing said framework comprises positioning a vertex at a posi 
tion such that a total loss of area between a framework 
including said unnecessary line and a framework in which 
said unnecessary line segment is removed is minimized. 

208. The apparatus of claim 184, wherein said reconfigur 
ing said framework comprises positioning a vertex at a posi 
tion Such that a loss of area to said framework caused by 
removal of said unnecessary line segment is approximately 
equal for portions of said framework on opposite sides of 
said vertex. 

209. The apparatus of claim 184, wherein said reconfigur 
ing said framework comprises positioning a new vertex at a 
position corresponding to an end of said removed unneces 
sary line segment. 

210. The apparatus of claim 184, said processing appara 
tus generates an intermediate configuration of said image 
data by decreasing a length of said unnecessary line segment 
prior to said step of removing said unnecessary line segment. 

211. The apparatus of claim 184, said processing appara 
tus generates an intermediate polygonal framework between 
an original framework including said unnecessary line seg 
ment and a new framework with said unnecessary line seg 
ment removed. 

212. The apparatus of claim 211, wherein said generating 
an intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said step of 
determining a position of a vertex after said unnecessary line 
segment is removed. 

213. The apparatus of claim 212, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said vertex position determined in said determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

214. The apparatus of claim 184, wherein said evaluating 
a degree of importance of each line segment is based in part 
on an evaluation of a degree of importance of line segments 
contiguous to a particular line segment being evaluated. 

215. The apparatus of claim 184, wherein said reconfigur 
ing said framework comprises using a new vertex to replace 
a previous vertex located at an end of said unnecessary, 
removed line segment. 

216. A medium for storing image data for approximating 
an image by decreasing an amount of said image data used to 
create the image, wherein said image data defines a polygo 
nal framework, said framework being composed of line seg 
ments drawn between vertices, said medium comprising: 

a memory unit for storing configured to store said image 
data, wherein said image data stored onto said memory 
unit are generated by a processor that: 
evaluating evaluates a degree of importance of each 
line segment of said framework; 

removing removes at least one unnecessary line seg 
ment from said framework which is identified based 
on said evaluation of said degree of importance of 
each line segment; and 

determining determines a position of a vertex after 
said unnecessary line segment is removed. 

217. The medium of claim 216, wherein said image data 
defines a 3-dimensional polygonal framework. 
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218. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

219. The medium of claim 218, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a line segment a degree of importance in direct 
proportion to the amount of Volume change caused by 
removal of that line segment. 

220. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

221. The medium of claim 220, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

222. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

223. The medium of claim 222, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a degree of importance to a particular line segment 
in direct proportion to said amount by which said area of 
said polygonal framework is changed by removal of that line 
Segment. 

224. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

225. The medium of claim 224, wherein said evaluating a 
degree of importance of each line segment further comprises 
calculating a sum of results of an equation EXA for poly 
gons sided by said particular line segment, wherein “E” is 
length of that line segment, 'A' is an area of a polygon sided 
by said particular line segment. 

226. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of said line segments. 

227. The medium of claim 226, wherein said evaluating a 
degree of importance of said line segments further comprises 
assigning a degree of importance to each line segment in 
direct proportion to a length of that line segment. 

228. The medium of claim 216, wherein if two or more 
line segments are assigned an identical degree of 
importance, a lowest degree of importance among said two 
or more line segments is assigned to that line segment of said 
two or more line segments with a shortest length. 

229. The medium of claim 216, further comprising repeat 
ing said evaluating a degree of importance of each line seg 
ment, said removing an unnecessary line segment; and said 
determining a position of a vertex after said unnecessary line 
segment is removed. 

230. The medium of claim 216, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 
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231. The medium of claim 216, wherein said evaluating a 

degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

232. The medium of claim 231, further comprising speci 
fying one or more of said line segments as of high 
importance, wherein said evaluating a degree of importance 
of each line segment further comprises preventing said one 
or more high importance line segments from being desig 
nated as said unnecessary line segment. 

233. The medium of claim 216, wherein said determining 
a position of a vertex after said unnecessary line segment is 
removed comprises positioning said vertex at said position 
Such that a total loss of area between a framework including 
said unnecessary line segment and a framework in which 
said unnecessary line segment is removed is minimized. 

234. The medium of claim 216, wherein said determining 
a position of a vertex after said unnecessary line segment is 
removed comprises positioning a vertex at a position Such 
that a loss of area to said framework caused by removal of 
said unnecessary line segment is approximately equal for 
portions of said framework on opposite sides of said vertex. 

235. The medium of claim 216, wherein said determining 
a position of a vertex after said unnecessary line segment is 
removed comprises positioning said vertex at a position cor 
responding to an end of said removed unnecessary line seg 
ment. 

236. The medium of claim 216, wherein an intermediate 
configuration of said image data is generated by decreasing a 
length of said unnecessary line segment prior to said remov 
ing said unnecessary line segment. 

237. The medium of claim 216, wherein an intermediate 
polygonal framework is generated between an original 
framework including said unnecessary line segment and a 
new framework with said unnecessary line segment 
removed. 

238. The medium of claim 237, wherein said generating 
an intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said deter 
mining a position of a vertex after said unnecessary line 
segment is removed. 

239. The medium of claim 238, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said vertex position determined in said determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

240. The medium of claim 216, further comprising recon 
figuring a texture applied to said framework to account for 
said removing of said unnecessary line segment. 

241. The medium of claim 216, wherein said evaluation of 
a degree of importance of each line segment is based in part 
on an evaluation of the degree of importance of line seg 
ments contiguous to a particular line segment being evalu 
ated. 

242. The medium of claim 216, further comprising recon 
figuring said framework after said unnecessary line segment 
has been removed by placing a new vertex at said position 
identified in said determining a position of a vertex. 

243. The medium of claim 242, wherein said reconfigur 
ing comprises using said new vertex to replace a previous 
Vertex located at an end of said unnecessary, removed line 
Segment. 

244. A medium for storing image data for approximating 
an image by decreasing an amount of image data used to 
create the image, wherein said image data defines a polygo 
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nal framework, said framework being composed of line seg 
ments drawn between vertices, said medium comprising: 

a memory unit for storing said image data, wherein said 
image data stored onto said memory unit are generated 
by a processor that: 
assigning assigns an importance value to each line 
segment of said framework; 

removing removes from said framework that line seg 
ment having a lowest importance value; and 

reconfiguring reconfigures said framework to account 
for said removal of said line segment having said 
lowest importance value. 

245. The medium of claim 244, wherein said reconfigur 
ing further comprises replacing two vertices of said 
framework, between which said removed line segment had 
been connected, with a single new vertex. 

246. The medium of claim 244, wherein said image data 
defines a 3-dimensional polygonal framework. 

247. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

248. The medium of claim 247, wherein said assigning an 
importance value to each line segment further comprises 
assigning a line segment an importance value in direct pro 
portion to the amount of Volume change caused by removal 
of that line segment. 

249. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed using a 
vector (E) which represents a particular line segment, an 
area (A) of a polygon within said polygonal framework, 
wherein said particular line segment is a side of said 
polygon, and a vector (N) normal to a plane of said polygon. 

250. The medium of claim 249, 
wherein said assigning an importance value to each line 

segment further comprises calculating an importance of 
a particular line segment by (NE)xA. 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

251. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed based on 
an amount by which an area of said polygonal framework 
defined by said image data is changed by removal of a par 
ticular line segment. 

252. The medium of claim 251, wherein said assigning an 
importance value to each line segment further comprises 
assigning an importance value to a particular line segment in 
direct proportion to said amount by which said area of said 
polygonal framework is changed by removal of that line 
Segment. 

253. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed based on 
a length of a particular line segment and an area of a polygon 
within said polygonal framework of which said particular 
line segment is a side. 

254. The medium of claim 252, wherein said assigning an 
importance value to each line segment further comprises cal 
culating a sum of results of an equation EXA for polygons 
sided by said particular line segment, wherein “E” is length 
of that line segment, 'A' is an area of a polygon sided by 
said particular line segment. 

255. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed based on 
a length of said line segments. 

256. The medium of claim 255, wherein said assigning an 
importance value to each of said line segments further com 
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prises assigning an importance value to each line segment in 
direct proportion to a length of that line segment. 

257. The medium of claim 244, wherein if two or more 
line segments are assigned an identical degree of 
importance, a lowest degree of importance is assigned 
among said two or more line segments to that line segment 
of said two or more line segments with a shortest length. 

258. The medium of claim 244, further comprising repeat 
ing said steps of assigning an importance value to each line 
segment; removing that line segment with the lowest impor 
tance value; and reconfiguring said framework. 

259. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed based on 
an amount by which an amount of said image data is 
changed by removal of a particular line segment. 

260. The medium of claim 244, wherein said assigning an 
importance value to each line segment is performed based on 
importance values assigned by a user to one or more of said 
line segments. 

261. The medium of claim 260, further comprising speci 
fying one or more of said line segments as of high 
importance, wherein assigning an importance value to each 
line segment further comprises preventing said one or more 
high importance line segments from being removed. 

262. The medium of claim 244, wherein said reconfigur 
ing comprises positioning a new vertex at a position Such 
that a total loss of area between a framework including said 
line segment having said lowest importance value and a 
framework comprising said new vertex and in which said 
lowest-importance-value line segment is removed is mini 
mized. 

263. The medium of claim 244, wherein said reconfigur 
ing comprises positioning a vertex at a position Such that a 
loss of area to said framework caused by removal of said 
lowest-importance-value line segment is approximately 
equal for portions of said framework on opposite sides of 
said vertex. 

264. The medium of claim 244, wherein said reconfigur 
ing comprises positioning a vertex at a position correspond 
ing to an end of said removed lowest-importance-value line 
Segment. 

265. The medium of claim 244, wherein an intermediate 
configuration of said image data is generated by decreasing a 
length of said lowest-importance-value line segment prior to 
said removing said lowest-importance-value line segment. 

266. The medium of claim 244, wherein an intermediate 
polygonal framework is generated between an original 
framework including said lowest-importance-value line seg 
ment and a new reconfigured framework with said lowest 
importance-value line segment removed. 

267. The medium of claim 266, wherein said generating 
an intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a new vertex position determined in said 
reconfiguring. 

268. The medium of claim 267, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said new vertex position determined in said recon 
figuring. 

269. The medium of claim 244, wherein a texture applied 
to said framework is reconfigured to account for said remov 
ing of said lowest-importance-value line segment. 

270. The medium of claim 244, wherein said assigning an 
importance value to each line segment is done in accordance 
with an assigned importance value of line segments contigu 
ous to a particular line segment being evaluated. 
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271. The medium of claim 244, wherein said reconfigur 
ing comprises using a new vertex to replace a previous ver 
tex located at an end of said removed, lowest-importance 
value line segment. 

272. A medium for storing image data for approximating 
an image by decreasing an amount of image data used to 
create the image, wherein said image data defines a polygo 
nal framework formed of polygons to which textures or pic 
tures are applied, said polygons of said framework being 
composed of line segments connected between vertices, said 
medium comprising: 

a memory unit for storing said image data, wherein said 
image data stored onto said memory unit are generated 
by a processor for: 
evaluating a degree of importance of each line segment 

of said framework; 
removing an unnecessary line segment identified by 

said evaluating a degree of importance of each line 
Segment, 

reconfiguring said framework to account for said 
removal of said line segment; and 

reconfiguring said textures or pictures applied to said 
framework to account for said removal of said line 
Segment. 

273. The medium of claim 272, wherein said reconfigur 
ing the textures or pictures applied to the framework is pre 
formed altering an association between a vertex of said 
unnecessary line segment and any of said textures or pic 
tures. 

274. The medium of claim 272, wherein: 
said reconfiguring of said framework comprises replacing 
two vertices of said framework, between which said 
unnecessary, removed line segment had been 
connected, with a single new vertex; and 

said reconfiguring the textures or pictures applied to the 
framework comprises determining a new position on 
said textures or pictures corresponding to a position of 
said single new vertex in said framework. 

275. The medium of claim 274, wherein said reconfigur 
ing of said textures or pictures applied to the framework 
comprises determining said new position by interpolation 
between two points on the textures or pictures which corre 
spond to the unnecessary line segment. 

276. The medium of claim 275, wherein said interpolation 
is a linear interpolation. 

277. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment of said frame 
work further comprises preventing any line segment existing 
on an outline of any of said textures or pictures from being 
designated as said unnecessary line segment. 

278. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment of said frame 
work further comprises preventing any line segment, which 
exists on an outline of any of said textures or pictures from 
being designated as said unnecessary line segment if a 
change in an area of said texture or picture resulting from 
removal of that line segment exceeds a predetermined value. 

279. The medium of claim 278, wherein said area change 
amount after the line segment removal is obtained on the 
basis of a calculation of Sum of results of an equation 
(NE)xL at line segments corresponding to the boundary 
lines of the texture or picture existing before and after the 
line segment to be removed, wherein “E” is representing that 
line segment, "L' is a length of line segment corresponding 
to the boundary lines of the texture or picture, “N” is a 
normal vector of said line segments, “” is a inner product, 
and “x' is a product. 
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280. The medium of claim 272, wherein said image data 

defines a 3-dimensional polygonal framework. 
281. The medium of claim 272, wherein said evaluating a 

degree of importance of each line segment is performed by 
evaluating an amount by which a Volume of the polygonal 
framework defined by the image data is changed by removal 
of a particular line segment. 

282. The medium of claim 281, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a line segment a degree of importance in direct 
proportion to the amount of Volume change caused by 
removal of that line segment. 

283. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
using a vector (E) which represents a particular line 
segment, an area (A) of a polygon within said polygonal 
framework wherein said particular line segment is a side of 
said polygon, and a vector (N) normal to a plane of said 
polygon. 

284. The medium of claim 283, 
wherein said evaluating a degree of importance of each 

line segment further comprises calculating an impor 
tance of a particular line segment by (NE)x A, 

wherein E is said vector representing a particular line 
segment, A is said area of a polygon sided by said par 
ticular line segment, and N is said normal vector. 

285. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
based on an amount by which an area of said polygonal 
framework defined by said image data is changed by 
removal of a particular line segment. 

286. The medium of claim 285, wherein said evaluating a 
degree of importance of each line segment further comprises 
assigning a degree of importance to a particular line segment 
in direct proportion to said amount by which said area of 
said polygonal framework is changed by removal of that line 
Segment. 

287. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of a particular line segment and an area of 
a polygon within said polygonal framework of which said 
particular line segment is a side. 

288. The medium of claim 287, wherein said evaluating a 
degree of importance of each line segment further comprises 
calculating a sum of results of an equation EXA for poly 
gons sided by said particular line segment, wherein “E” is 
length of that line segment, 'A' is an area of a polygon sided 
by said particular line segment. 

289. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
based on a length of said line segments. 

290. The medium of claim 289, wherein said evaluating a 
degree of importance of said line segments further comprises 
assigning a degree of importance to each line segment in 
direct proportion to a length of that line segment. 

291. The medium of claim 272, wherein if two or more 
line segments are assigned an identical degree of 
importance, a lowest degree of importance is assigned 
among said two or more line segments to that line segment 
of said two or more line segments with a shortest length. 

292. The medium of claim 272, further comprising repeat 
ing said steps of evaluating a degree of importance of each 
line segment; removing an unnecessary line segment; recon 
figuring said framework; and reconfiguring said textures or 
pictures. 

293. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
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based on an amount by which an amount of said image data 
is changed by removal of a particular line segment. 

294. The medium of claim 272, wherein said evaluating a 
degree of importance of each line segment is performed 
based on importance values assigned by a user to one or 
more of said line segments. 

295. The medium of claim 294, one or more of said line 
segments is specified as of high importance, wherein said 
evaluating a degree of importance of each line segment fur 
ther comprises preventing said one or more high importance 
line segments from being designated as said unnecessary 
line segment. 

296. The medium of claim 272, wherein said reconfigur 
ing said framework comprises positioning a vertex at a posi 
tion such that a total loss of area between a framework 
including said unnecessary line and a framework in which 
said unnecessary line segment is removed is minimized. 

297. The medium of claim 272, wherein said reconfigur 
ing said framework comprises positioning a vertex at a posi 
tion Such that a loss of area to said framework caused by 
removal of said unnecessary line segment is approximately 
equal for portions of said framework on opposite sides of 
said vertex. 

298. The medium of claim 272, wherein said reconfigur 
ing said framework comprises positioning a new vertex at a 
position corresponding to an end of said removed unneces 
sary line segment. 

299. The medium of claim 272, wherein an intermediate 
configuration of said image data is generated by decreasing a 
length of said unnecessary line segment prior to said remov 
ing said unnecessary line segment. 

300. The medium of claim 272, wherein an intermediate 
polygonal framework between an original framework is gen 
erated to include said unnecessary line segment and a new 
framework with said unnecessary line segment removed. 

301. The medium of claim 300, wherein said generating 
an intermediate framework comprises locating a vertex an a 
position intermediate to a vertex position in said original 
framework and a vertex position determined in said deter 
mining a position of a vertex after said unnecessary line 
segment is removed. 

302. The medium of claim 301, wherein said locating a 
Vertex at an intermediate position comprises using a linear 
interpolation on said vertex position in said original frame 
work and said vertex position determined in said determin 
ing a position of a vertex after said unnecessary line segment 
is removed. 

303. The medium of claim 272, werein wherein said 
evaluating a degree of importance of each line segment is 
based in part on an evaluation of a degree of importance of 
line segments contiguous to a particular line segment being 
evaluated. 

304. The medium of claim 272, wherein said reconfigur 
ing said framework comprises using a new vertex to replace 
a previous vertex located at an end of said unnecessary, 
removed line segment. 

305. A method of approximating an image by decreasing 
an amount of image data used to create the image, wherein 
said image data defines a polygonal framework, said frame 
work being composed of line segments drawn between 
vertices, said method comprising the steps of 

evaluating line segments of said framework, 
identifying at least one line segment from said framework 

which is identified based on said evaluation of the line 
Segments, 

integrating vertices connected by the identified line seg 
ment to an integrated vertex, a position of the inte 
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grated vertex being determined based on at least loca 
tion information of one of the vertices integrated to the 
integrated vertex, and 

assigning a weight which is considered in the evaluating 
step or the identifying step to reflect a user's intention 
in the approximated image, 

wherein said framework is drawn on a display apparatus. 
306. The method of claim 305, filrther comprising the 

steps of 
storing data relating to said integrated vertices, and 
using the stored data for forming a model finer than the 

approximated image. 
307. A method for creating data which comprises approxi 

mated image data formed by decreasing an amount of origi 
nal image data, wherein said approximated and Original 
image data define a polygonal framework, said framework 
being composed of line segments drawn between vertices, 
said method comprising the steps of 

causing a processor to form said approximated image 
data from said original image data, 

wherein the processor forms said approximated image 
data by executing the steps of 
evaluating line segments of said framework, 
identifying at least one line segment from said frame 
work which is identified based on said evaluation of 
the line segments, 

integrating vertices connected by the identified line seg 
ment to an integrated vertex, a position of the inte 
grated vertex being determined based on at least 
location information of one of the vertices integrated 
to the integrated vertex, and 

Storing said approximated image data. 
308. The method of claim 307, further comprising the step 

of storing data relating said vertices integrated to said inte 
grated vertex for use in forming a model finer than said 
approximated image data by using the stored data relating to 
said vertices. 

309. The method of claim 308, further comprising the step 
of assigning a weight which is considered in the evaluating 
step or the identifiving step to reflect a user's intention in the 
approximated image. 

310. A method of forming a finer model from the data 
created by the method of claim 308, wherein the finer model 
is formed by using said approximated image data and said 
data relating said vertices integrated to said new vertex. 

311. A method of forming finer model from image data 
created by an approximated image data creation, wherein. 

(a) the image data created by said approximated image 
data creation comprising approximated image data 
formed by decreasing an amount of Original image 
data, wherein said original image data defines a 
polygonal framework, said framework being composed 
of line segments drawn between vertices, and 

(b) said approximated image data creation comprising: 
(b-1) forming said approximated image data from said 

Original image data, the step (b-1) being executed by 
a processor; wherein the step (b-1) of forming said 
approximated image data comprises: 
(b-1-1) evaluating line segments of said framework, 
(b-1-2) identifying at least one line segment from 

said framework which is identified based on said 
evaluation of each line segments, 

(b-1-3) integrating vertices connected by the identi 
fied at least one line segment to an integrated 
vertex, a position of the integrated vertex being 
determined based on at least location information 
of one of the vertices integrated to the integrated 
vertex, 
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(b-2) storing said approximated image data, and 
(b-3) storing additional data relating integration of 

said vertices to said integrated vertex for use in form 
ing a model finer than said approximated image 
data, 

said method comprising the steps of 
(c) forming the finer model by using said approximated 

image data and said additional data, the step (c) of 
forming the finer model comprises. 
(c-1) creating at least two vertices comprised in said 

finer model from said integrated vertex by using data 
included in said additional data. 

312. A forming method of claim 31 I, wherein 
said forming step (c) filrther comprising: 

(C-2) allotting a texture to a face created by said creat 
ing step (c-1) of said two vertices. 

313. A forming method of claim 31 I, wherein 
said finer model having one or more vertices and two or 

more faces than does said approximated image data. 
314. A forming method of claim 31 I, wherein 
said polygonal framework being represented using tri 

angle meshes. 
315. A forming method of claim 31 I, wherein 
said identifiving step (b-1-2) and said integrating step 

(b-1-3) are repeated in said approximated image data 
creation so that said approximated data have a desired 
resolution. 

316. A forming method of claim 31 I, wherein 
said additional data comprises information of integration 

relations of said integrated vertex and deleted vertices 
in said original image data. 

317. A forming method of claim 31 I, wherein 
in said creating step (c-1), 
One of said two vertices is created by modifying the 

position of said integrated vertex based on informa 
tion comprised in said additional data, and 

the other is created by modifiving the position of said 
integrated vertex based on information comprised in 
said additional data. 

318. A forming method of claim 31 I, wherein 
a plurality of said finer image data can be formed from 

said approximated image data, wherein 
One of the finer image data has resolution which is differ 

ent from resolution of another of the finer image data. 
319. A forming method of claim 31 I, wherein 
in said forming step (c), the creating step (c-1) for creat 

ing of said two vertices comprised in said finer model is 
repeated in order to be executed on a plurality of inte 
grated vertices of said approximated image data. 

320. A forming method of claim 31 1 wherein, in said inte 
grating step (b-1-3), two vertices connected by the identified 
line segment are integrated to a single integrated vertex. 

321. A forming method of claim 31 1 wherein, in said inte 
grating step (b-1-3), the integration is performed by remov 
ing one of said vertices from and keeping the other one of 
said vertices in the model of said approximated image data. 

322. A forming method of claim 31 1 wherein, in the evalu 
ating step (b-1-1), a numerical measure is used in the line 
segment evaluation. 

323. A forming method of claim 31 1 wherein, in the evalu 
ating step (b-1-1), a value relating normal of plane is used in 
the line segment evaluation. 

324. A forming method of claim 31 1 wherein, in the evalu 
ating step (b-1-1), a length of vector is used in each of the 
line segment evaluation. 
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325. A forming method of claim 31 1 wherein, the forming 

step (c) further comprising steps of 
(C-2) receiving said approximated image data stored in an 

external storing device for utilizing the approximated 
image data in the vertices creating step (c-1), and 

(C-3) displaying the formed finer model on a local display. 
326. A forming method of claim 31 1 wherein, the forming 

step (c) further comprising steps of 
(C-4) receiving said additional data stored in an external 

storing device for utilizing the additional data in the 
vertices creating step (c-1), and 

(C-5) displaying the formed finer model on a local display. 
327. A forming method of claim 31 1 wherein, the forming 

step (c) further comprising steps of 
(c-6) receiving said approximated image data and said 

additional data stored in an external storing device for 
utilizing the approximated image data and the addi 
tional data in the vertices creating step (c-1); 

(c-7) displaying the formed finer model on a local display. 
328. A forming method of claim 31 1 wherein, in said inte 

grating step (b-1-3), two vertices connected by the identified 
line segment are integrated to a single integrated vertex. 

329. A forming method of claim 31 1 wherein, in said inte 
grating step (b-1-3), the integration is performed by remov 
ing one of said vertices from and keeping the other one of 
said vertices in the model of said approximated image data. 

330. A forming method of claim 31 1 wherein, in the evalu 
ating step (b-1-1), a numerical measure is used in the line 
segment evaluation. 
33 1. A forming method of claim 31 1 wherein, in the evalu 

ating step (b-I-I), a value relating normal of plane is used in 
the line segment evaluation. 

332. A forming method of claim 31 1 wherein, in the evalu 
ating step (b-1-1), a length of vector is used in each of the 
line segment evaluation. 

333. A forming method of claim 31 1 wherein, the forming 
step (c) further comprising steps of 

(C-2) receiving said approximated image data stored in an 
external storing device for utilizing the approximated 
image data in the vertices creating step (c-1), and 

(C-3) displaying the formed finer model on a local display. 
334. A forming method of claim 31 1 wherein, the forming 

step (c) further comprising steps of 
(C-4) receiving said additional data stored in an external 

storing device for utilizing the additional data in the 
vertices creating step (c-1), and 

(C-5) displaying the formed finer model on a local display. 
335. A forming method of claim 31 1 wherein, the forming 

step (c) further comprising steps of 
(c-6) receiving said approximated image data and said 

additional data stored in an external storing device for 
utilizing the approximated image data and the addi 
tional data in the vertices creating step (c-1); 

(c-7) displaying the formed finer model on a local display. 
336. An apparatus of approximating an image by decreas 

ing an amount of image data used to create the image, 
wherein said image data defines a polygonal framework, 
said framework being composed of line segments drawn 
between vertices, said apparatus comprising a processor 
and storing instructions which when executed by the proces 
sor executes the steps of evaluating line segments of said 
framework, 

identifying at least one line segment from said framework 
which is identified based on said evaluation of line seg 
ment, 
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integrating vertices connected by the identified line seg 
ment to an integrated vertex, wherein a position of the 
integrated vertex is determined based on at least loca 
tion information of one of the vertices integrated to the 
integrated vertex, and 

assigning a weight which is considered in the evaluating 
step or the identifying step to reflect a user's intention 
in the approximated image. 

337. An apparatus for creating data which comprises 
approximated image data formed by decreasing an amount 
of Original image data, wherein said approximated and 
Original image data define a polygonal framework, said 
framework being composed of line segments drawn between 
vertices, said apparatus comprising a processor and storing 
instructions which when executed by the processor executes 
the steps of 

forming said approximated image data from said original 
image data, wherein the forming step comprises. 
evaluating each line segment of said framework, 
identifiving at least one line segment from said frame 
work which is identified based on said evaluation of 
each line segment, and 

integrating vertices connected by the identified line seg 
ment to an integrated vertex, wherein a position of 
the integrated vertex is determined based on at least 
location information of one of the vertices integrated 
to the integrated vertex, and 

Storing said approximated image data. 
338. An apparatus of forming finer model from image data 

created by an approximated image data creation, wherein. 
(a) the image data created by said approximated image 

data Creation Comprising approximated image data 
formed by decreasing an amount of Original image 
data, wherein said original image data defines a 
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polygonal framework, said framework being composed 
of line segments drawn between vertices, and 

(b) said approximated image data creation comprising: 
(b-1) forming said approximated image data from said 

Original image data, wherein the step (b-1) of form 
ing said approximated image data comprises. 
(b-1-1) evaluating line segments of said framework, 
(b-1-2) identifying at least one line segment from 

said framework which is identified based on said 
evaluation of line segments, 

(b-1-3) integrating vertices connected by the identi 
fied at least one line segment to an integrated 
vertex, wherein a position of the integrated vertex 
is determined based on at least location informa 
tion of One of the vertices integrated to the inte 
grated vertex, 

(b-2) storing said approximated image data, and 
(b-3) storing additional data relating integration of 

said vertices to said integrated vertex for use in form 
ing a model finer than said approximated image 
data, 

said apparatus comprising a processor, and instructions 
stored within memory of said apparatus which when 
executed perform the steps of 

(c) forming the finer model by using said approximated 
image data and said additional data, the step (c) of 
forming the finer model comprises. 
(c-1) creating at least two vertices comprised in said 

finer model from said integrated vertex by using data 
included in said additional data. 


