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ence on the general shape and is removed. In a ?fth step, a 
neW vertex is determined from the loss of vertex by the edge 
removal. In a sixth step, a movement of texture coordinates 
and a removal of the texture after the edge removal are 
executed on the basis of the area change of the texture due to 
the edge removal by a predetermined evaluating ?inction. In 
a seventh step, by repeating the processes in the second to 
sixth steps, a polygon model approximated to a desired layer 
can be obtained. 
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COMPUTER ANIMATION GENERATOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
08/755,129, ?led on Nov. 25, 1996, now US. Pat. No. 5,963, 
668. 

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 
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 
appear at a distance and its size on the picture plane is small, 
as shown in the example, it is su?icient 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 
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 
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 satis?ed. For this 
purpose, it is desirable to reduce the data amount in a manner 
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. 
A method of obtaining a more realistic image by adhering 

a two-dimensional image to a plane of a model as a drawing 
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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, a long 
calculation time is necessary for approximation, and the 
approximation in which required characteristic points are 
considered is not executed. The approximation of ?gure 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 ?g 
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 ?gure 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 
?gure 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 ?gure 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 ?owchart 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 ?ow 
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 ?owchart. 

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 ?oppy 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 ?oppy 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 ?owchart 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 ?rst 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 ?oppy disk or an M0 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., identi?ed). 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 ?oppy disk inserted 
in the FDD 2, or an M0 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 ?oWchart 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). 

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 v1 and v2 is evaluated. 
With respect to the vertices v1 and v2 bounding the edge 
e(vl, v2), When sets of planes including them as vertices 
assume S(vl) and S(v2), a range ofi is set to S(vl)US(v2). 
That is, léiélO 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 a length of the vector 
E. 
The equation (1) is constructed by tWo terms. The ?rst 

term Vl- 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 speci?ed by the 
shape data of the polygon. The second term Sl- 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. Coe?icients a and b are multiplied to the tWo 
terms. The user can select Which one of the ?rst term VI. and 
the second term S,- is preferentially used by properly setting 
the values of the coe?icients. 
The ?rst term Vl- 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 ?at shape like a sheet 
of paper, When the edge e(vl and v2) is removed, the change 
amount by the term S,- is larger than that by the term Vi. In 
the polygon model constructed by planes in Which all of 
them have similar shapes and areas, for example, in the 






































