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METHOD AND APPARATUS FOR REPRODUCING 
A SHAPE AND A PATTERN INA 
THREE-DIMENSIONAL SCENE 

TECHNICAL FIELD 

0001. The present invention relates to processing for 
reproducing a partial or entire three-dimensional Scene, in 
which a plurality of digitized Videos or animation appear, 
into a three-dimensional shape, and converting the three 
dimensional shape into a three-dimensional model to be 
displayed in computer graphics. 

BACKGROUND ART 

0002. In order to reproduce a three-dimensional shape by 
using a three-dimensional Scene that is a two-dimensional 
image, in which a three-dimensional object Such as a plu 
rality of Videos or animation appears, it is required to 
appropriately grasp the correspondence between a plurality 
of videos or between a plurality of frames (hereinafter, 
referred to as “between images”). 
0.003 FIG. 1 shows a flow chart of processing in a 
conventional method for reproducing a shape and a pattern 
in a three-dimensional Scene. In FIG. 1, when two-dimen 
Sional data Such as a plurality of VideoS or animation to be 
reproduced is given (Operation 101), the correspondence 
between images is investigated (Operation 102). According 
to a conventional method, obtaining the consistency of 
vertexes at coordinate positions of a three-dimensional 
shape is the mainstream; however, at this point, the consis 
tency or the like of each plane or Side, in particular, a pattern 
or an arbitrary point in each plane is not taken into consid 
eration. 

0004. Only a three-dimensional shape is reproduced 
based on the correspondence between vertexes (Operation 
103). Herein, a three-dimensional shape is reproduced only 
by using vertexes in accordance with triangulation or the 
like, and Sides or planes are not present. Then, a geometric 
model is applied (Operation 104), whereby a three-dimen 
Sional model having planes, Sides, or the like is reproduced. 
Finally, texture is attached to each plane of the three 
dimensional model to reproduce a pattern (Operation 105), 
whereby reproduction of the three-dimensional shape is 
completed. The reproduced three-dimensional model is out 
put in accordance with a data format of computer graphics 
to be used (Operation 106), whereby the three-dimensional 
model can be used as a vector value. 

0005. In order to enhance the precision of reproduction of 
a three-dimensional shape in investigation of the correspon 
dence between images and reproduction of a three-dimen 
Sional shape, an appropriate model has been conventionally 
utilized often. For example, JP 9 (1997)-69170 A discloses 
a method for generating a three-dimensional model, in 
particular, by applying a plane model containing texture 
pattern information to a three-dimensional shape, and 
attaching the plane model to each Surface of a three 
dimensional model, So as to reproduce a three-dimensional 
shape. 

0006. However, according to the above-mentioned 
method, a depth and the like in a three-dimensional model 
are not taken into consideration when texture model pattern 
information to be modeled as a plane model is obtained. This 
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causes a shift between the depth and the pattern image, 
resulting in an unnatural three-dimensional model. Further, 
in the case where an error is caused in obtaining a three 
dimensional shape, a portion, which can be approximated 
merely by being attached to a three-dimensional model as a 
plane model, is also excluded as inappropriate texture pat 
tern information, So that Such a portion will not be attached 
to a three-dimensional model. 

DISCLOSURE OF INVENTION 

0007. The present invention overcomes the above-men 
tioned problem, and its object is to provide a method and 
apparatus for realizing processing in which a three-dimen 
Sional model is considered from the beginning of the pro 
cessing in reproduction of a shape and a pattern in a 
three-dimensional Scene based on a plurality of images, and 
reproducing the Shape and the pattern with good precision. 
0008. In order to solve the above-mentioned problem, the 
method for reproducing a shape and a pattern in a three 
dimensional Scene of the present invention is a method for 
reproducing a shape and a pattern in a three-dimensional 
Scene forming a three-dimensional model used for computer 
graphics based on a plurality of images, including: capturing 
the plurality of images, Storing the captured images, Select 
ing a plurality of frames to which processing is applied from 
the Stored images, and extracting correspondence between 
the plurality of images, inputting the three-dimensional 
model to be a base, Storing the input three-dimensional 
model, Selecting the three-dimensional model that defines 
geometric properties of a target object in the images, and 
Specifying correspondence between the images and the 
three-dimensional model, deforming the three-dimensional 
model while Satisfying both the obtained correspondence 
between the images and the obtained correspondence 
between the images and the three-dimensional model; gen 
erating a pattern image to be attached to a Surface of the 
three-dimensional model, based on a shape of the final 
three-dimensional model obtained by the deforming, and the 
Specified correspondence between the final three-dimen 
Sional model and the images, and outputting the completed 
final three-dimensional model. 

0009. According to the above-mentioned structure, the 
shape of a three-dimensional model can be determined while 
the correspondence in a pattern is being considered, whereby 
a shape or the like in a three-dimensional Scene can be 
reproduced as a completed natural three-dimensional model 
in which a pattern shift or the like does not occur. 
0010 Further, in the method for reproducing a shape and 
a pattern in a three-dimensional Scene of the present inven 
tion, it is desirable that, in the extracting of the correspon 
dence between the plurality of images, a user can Specify the 
correspondence. The reason for this is that a user can freely 
add even correspondence which cannot be detected or is 
unlikely to be detected by a system, whereby a three 
dimensional model closer to a real one can be reproduced. 
0011 Further, in the method for reproducing a shape and 
a pattern in a three-dimensional Scene of the present inven 
tion, it is preferable that, in the extracting of the correspon 
dence between the plurality of images, the correspondence 
between the plurality of images is determined based on 
brightness of the images and information obtained by pro 
cessing the brightness. This is because merely extracting 
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correspondence as a pattern cannot Support a change in an 
image caused by the difference in exposure of a photograph 
or the like, the Strength of a light Source, and the like. 
0012 Next, in order to solve the above-mentioned prob 
lem, the method for reproducing a shape and a pattern in a 
three-dimensional Scene of the present invention is a method 
for reproducing a shape and a pattern in a three-dimensional 
Scene forming a three-dimensional model used for computer 
graphics based on a plurality of images, including: capturing 
the plurality of images, Storing the captured images, and 
Selecting a plurality of frames to which processing is applied 
from the Stored images, inputting the three-dimensional 
model to be a base, Storing the input three-dimensional 
model, Selecting the three-dimensional model that defines 
geometric properties of a target object in the images, and 
Specifying correspondence between the images and the 
three-dimensional model; deforming the three-dimensional 
model while investigating portions, between the images, 
which Satisfy the obtained correspondence between the 
images and the three-dimensional model; generating a pat 
tern image to be attached to a Surface of the three-dimen 
Sional model, based on a shape of the final three-dimensional 
model obtained by the deforming, and the Specified corre 
spondence between the final three-dimensional model and 
the images, and outputting the completed final three-dimen 
Sional model. 

0013. According to the above-mentioned structure, the 
shape of a three-dimensional model can be determined while 
the correspondence in a pattern is being considered, whereby 
a shape or the like in a three-dimensional Scene can be 
reproduced as a completed natural three-dimensional model 
in which a pattern Shift or the like does not occur. 
0.014 Further, in the method for reproducing a shape and 
a pattern of the present invention, it is desirable that, in the 
deforming of the three-dimensional model and in the gen 
erating of a pattern image to a Surface of the three-dimen 
Sional model, a user can Specify a partial change in geomet 
ric properties of the three-dimensional model. The reason for 
this is that a three-dimensional Scene is reproduced as a 
three-dimensional model closer to a real one by finely 
adjusting application of a three-dimensional model. 
0.015 Further, in the method for reproducing a shape and 
a pattern in a three-dimensional Scene of the present inven 
tion, it is preferable that, in the deforming of the three 
dimensional model and in the generating of a pattern image 
to a Surface of the three-dimensional model, the three 
dimensional model can be replaced. This is because a 
reproduction precision can be enhanced by providing a 
chance to use a more appropriate three-dimensional model. 
0016. Next, in order to solve the above-mentioned prob 
lem, the apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene of the present invention is an 
apparatus for reproducing a shape and a pattern in a three 
dimensional Scene forming a three-dimensional model used 
for computer graphics based on a plurality of images, 
including: an image input part for capturing the plurality of 
images, an image Storing part for Storing the images cap 
tured from the image input part; an image Selecting part for 
Selecting a plurality of frames to which processing is applied 
from the imageS Stored in the image Storing part; an inter 
image correspondence obtaining part for extracting corre 
spondence between the plurality of images, a three-dimen 
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Sional model input part for inputting the three-dimensional 
model to be a base; a three-dimensional model Storing part 
for Storing the three-dimensional model input from the 
three-dimensional mode input part; a three-dimensional 
model Selecting part for Selecting the three-dimensional 
model that defines geometric properties of a target object in 
the images, an image-three-dimensional model correspon 
dence obtaining part for Specifying correspondence between 
the images and the three-dimensional model; a three-dimen 
Sional information reproducing part for deforming the three 
dimensional model while Satisfying both the correspondence 
between the images obtained in the inter-image correspon 
dence obtaining part and the correspondence between the 
images and the three-dimensional model obtained in the 
image-three-dimensional model correspondence obtaining 
part, a pattern image generating part for generating a pattern 
image to be attached to a Surface of the three-dimensional 
model, based on a shape of the final three-dimensional 
model obtained in the three-dimensional information repro 
ducing part, and the Specified correspondence between the 
final three-dimensional model and the images, and a gener 
ated model output part for outputting the completed final 
three-dimensional model. 

0017 According to the above-mentioned structure, the 
shape of a three-dimensional model can be determined while 
the correspondence in a pattern is being considered, whereby 
a shape or the like in a three-dimensional Scene can be 
reproduced as a completed natural three-dimensional model 
in which a pattern shift or the like does not occur. 
0018 Further, in the apparatus for reproducing a shape 
and a pattern in a three-dimensional Scene of the present 
invention, it is desirable that, in the inter-image correspon 
dence obtaining part, a user can Specify the correspondence. 
The reason for this is that a user can freely add even 
correspondence which cannot be detected or is unlikely to be 
detected by a System, whereby a three-dimensional model 
closer to a real one can be reproduced. 
0019 Further, in the apparatus for reproducing a shape 
and a pattern in a three-dimensional Scene of the present 
invention, it is preferable that, in the inter-image correspon 
dence obtaining part, the correspondence between the plu 
rality of images is determined based on brightness of the 
images and information obtained by processing the bright 
neSS. This is because merely extracting correspondence as a 
pattern cannot Support a change in an image caused by the 
difference in exposure of a photograph or the like, the 
Strength of a light Source, and the like. 

0020 Next, in order to solve the above-mentioned prob 
lem, the apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene of the present invention is an 
apparatus for reproducing a shape and a pattern in a three 
dimensional Scene forming a three-dimensional model used 
for computer graphics based on a plurality of images, 
including: an image input part for capturing the plurality of 
images; an image Storing part for Storing the images cap 
tured from the image input part; an image Selecting part for 
Selecting a plurality of frames to which processing is applied 
from the images Stored in the image Storing part; a three 
dimensional model input part for inputting the three-dimen 
Sional model to be a base; a three-dimensional model Storing 
part for Storing the three-dimensional model input from the 
three-dimensional mode input part; a three-dimensional 
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model Selecting part for Selecting the three-dimensional 
model that defines geometric properties of a target object in 
the images, an image-three-dimensional model correspon 
dence obtaining part for Specifying correspondence between 
the images and the three-dimensional model; a part for 
Simultaneously executing investigation of inter-image cor 
respondence and reproduction of three-dimensional infor 
mation for deforming the three-dimensional model while 
investigating portions, between the images, which Satisfy the 
correspondence between the images and the three-dimen 
Sional model obtained in the image- three-dimensional 
model correspondence obtaining part; a pattern image gen 
erating part for generating a pattern image to be attached to 
a Surface of the three-dimensional model, based on a shape 
of the final three-dimensional model obtained in the part for 
Simultaneously executing investigation of inter-image cor 
respondence and reproduction of three-dimensional infor 
mation, and the Specified correspondence between the final 
three-dimensional model and the images, and a generated 
model output part for outputting the completed final three 
dimensional model. 

0021 According to the above-mentioned structure, the 
shape of a three-dimensional model can be determined while 
the correspondence in a pattern is being considered, whereby 
a shape or the like in a three-dimensional Scene can be 
reproduced as a completed natural three-dimensional model 
in which a pattern Shift or the like does not occur. 
0022. Further, in the apparatus for reproducing a shape 
and a pattern in a three-dimensional Scene of the present 
invention, it is desirable that, in the part for Simultaneously 
executing investigation of inter-image correspondence and 
reproduction of three-dimensional information, and in the 
pattern image generating part, a user can Specify a partial 
change in geometric properties of the three-dimensional 
model. The reason for this is that a three-dimensional Scene 
is reproduced as a three-dimensional model closer to a real 
one by finely adjusting application of a three-dimensional 
model. 

0023. Further, in the apparatus for reproducing a shape 
and a pattern in a three-dimensional Scene of the present 
invention, it is preferable that, in the part for Simultaneously 
executing investigation of inter-image correspondence and 
reproduction of three-dimensional information, and in the 
pattern image generating part, the three-dimensional model 
can be replaced. This is because a reproduction precision can 
be enhanced by providing a chance to use a more appropriate 
three-dimensional model. 

0024. Next, in order to solve the above-mentioned prob 
lem, the computer-readable recording medium Storing a 
program to be executed by a computer of the present 
invention is a computer-readable recording medium Storing 
a program to be executed by a computer for creating a 
three-dimensional model used for computer graphics based 
on a plurality of images, the program including: capturing 
the plurality of images, Storing the captured images, Select 
ing a plurality of frames to which processing is applied from 
the Stored images, extracting correspondence between the 
plurality of images, inputting the three-dimensional model 
to be a base; Storing the input three-dimensional model; 
Selecting the three-dimensional model that defines geomet 
ric properties of a target object in the images, specifying 
correspondence between the images and the three-dimen 
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Sional model; deforming the three-dimensional model while 
Satisfying both the obtained correspondence between the 
images and the obtained correspondence between the images 
and the three-dimensional model; generating a pattern image 
to be attached to a Surface of the three-dimensional model, 
based on a shape of the final three-dimensional model 
obtained by the deforming, and the Specified correspondence 
between the final three-dimensional model and the images, 
and outputting the completed final three-dimensional model. 
0025. According to the above-mentioned structure, the 
shape of a three-dimensional model can be determined while 
the correspondence in a pattern is being considered by 
loading the program onto a computer for execution, whereby 
an apparatus for reproducing a shape and a pattern in a 
three-dimensional Scene can be realized, which is capable of 
reproducing a three-dimensional Scene as a completed natu 
ral three-dimensional model in which a pattern shift or the 
like does not occur. 

BRIEF DESCRIPTION OF DRAWINGS 

0026 FIG. 1 is a flow chart of processing in a conven 
tional method for reproducing a shape and a pattern in a 
three-dimensional Scene. 

0027 FIG. 2 is a block diagram of an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
Scene in Embodiment 1 of the present invention. 
0028 FIG. 3 illustrates an image selection instructing 
window in one example of the present invention. 
0029 FIG. 4 illustrates a three-dimensional model selec 
tion instructing window in one example of the present 
invention. 

0030 FIG. 5 illustrates the correspondence between 
images in one example of the present invention. 
0031 FIG. 6 illustrates the correspondence between the 
three-dimensional model and the image in one example of 
the present invention. 
0032 FIG. 7 illustrates the correspondence between the 
reproduced three-dimensional model and the image in one 
example of the present invention. 
0033 FIG. 8 illustrates the correspondence between the 
reproduced three-dimensional model and the image in one 
example of the present invention. 
0034 FIG. 9 illustrates a reproduced three-dimensional 
mode in one example of the present invention. 
0035 FIG. 10 is a block diagram of an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
Scene in Embodiment 2 of the present invention. 
0036 FIG. 11 is a flow chart of processing in an appa 
ratus for reproducing a shape and a pattern in a three 
dimensional Scene in Embodiment 1 of the present inven 
tion. 

0037 FIG. 12 illustrates recording media. 
BEST MODE FOR CARRYING OUT THE 

INVENTION 

(Embodiment 1) 
0038 Hereinafter, an apparatus for reproducing a shape 
and a pattern in a three-dimensional Scene in Embodiment 1 
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of the present invention will be described with reference to 
the drawings. FIG. 2 is a block diagram of an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
Scene in Embodiment 1 of the present invention. 
0039. In FIG. 2, reference numeral 201 denotes an image 
input part, 202 denotes an image Storing part, 203 denotes an 
image Selecting part, 204 denotes a three-dimensional model 
input part, 205 denotes a three-dimensional model Storing 
part, 206 denotes a three-dimensional model Selecting part, 
207 denotes an inter-image correspondence obtaining part, 
208 denotes an image-three-dimensional model correspon 
dence obtaining part, 209 denotes a three-dimensional infor 
mation reproducing part, 210 denotes a pattern image cre 
ating part, and 211 denotes a generated model output part, 
respectively. 

0040 First, in the image input part 201, a plurality of 
images to be used are captured in the image Storing part 202 
as a video image or a plurality of Still images by using an 
image input apparatus or the like. Next, in the image 
Selecting part 203, a user Selects a plurality of frames to 
which processing is applied. 

0041. On the other hand, in the three-dimensional model 
input part 204, a three-dimensional model of an object 
assumed as a target is input, and Stored in the three 
dimensional model storing part 205. Next, in the three 
dimensional model Selecting part 206, the user Selects a 
three-dimensional model that best fits the object in the target 
image from a model group Stored in the three-dimensional 
model Storing part 205. 
0042. In the inter-image correspondence obtaining part 
207, the user Specifies portions corresponding to each other 
between a plurality of images, and in the image-three 
dimensional model correspondence obtaining part 208, the 
user also specifies portions corresponding to each other 
between each image and the three-dimensional model. For 
example, this corresponds to that the user Specifies the 
identical position determined based on a pattern, fine-adjusts 
the positions of Vertexes in accordance with the three 
dimensional model, and the like. 

0043. When each correspondence is determined, in the 
three-dimensional information reproducing part 209, the 
three-dimensional model is deformed So as to Satisfy the 
correspondence. Then, the final shape of the three-dimen 
Sional model is established, and the final correspondence 
between the three-dimensional model and each image is also 
established. 

0044 Finally, in the pattern image generating part 210, a 
pattern image to be attached to each Surface of the three 
dimensional model is generated based on the final corre 
spondence between the three-dimensional model and each 
image, and in the generated model output part 211, the 
pattern image is converted into a data format of a three 
dimensional model display System to be output. 
0.045 Next, an example of the apparatus for reproducing 
a shape and a pattern in a three-dimensional Scene in 
Embodiment 1 will be described with reference to the 
drawings. 

0046. In FIG. 2, in the image input part 201, an image is 
input by using a Video camera, a CCD camera, or the like. 
In this case, a Video image may be or may not be decom 
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posed into frames. However, in the case where an image is 
Selected in the image Selecting part 203, it is required to 
Specify a target frame. Therefore, it is required to provide a 
function capable of Specifying a frame in accordance with 
user's instruction. Such a function may be equal to a 
frame-advance display function of a commercially available 
Video deck. 

0047 FIG. 3 illustrates an image selection specifying 
window. In the case where there are a plurality of video 
images and the like, the use of Such an interface is useful for 
a user to Select a Video image while browsing through them. 
0048. Further, as a three-dimensional model that 
expresses a target object, a rectangular Solid, a cone, a 
cylinder, a Sphere, and the like are prepared. The three 
dimensional model is not limited thereto. A composite of 
these shapes may be used. 
0049 Further, a three-dimensional model is all expressed 
in a polygon format. Thus, in the same way as in a data 
format in conventional computer graphics, a mode is 
expressed by three-dimensional coordinates in a three-di 
mensional model coordinate System. 
0050 For selection of a three-dimensional model, a 
model selection instructing window as shown in FIG. 4 
should be prepared. The reason for this is to enable a user to 
Select the most appropriate model while browsing through 
the three-dimensional models. 

0051. Further, geometric properties of a three-dimen 
Sional model are expressed by using a model variation rule. 
For example, in accordance with a variation rule in which 
regarding a rectangular Solid, each plane can be moved only 
in a direction vertical to the counter plane, regarding a 
cylinder, two respective bottom planes can be moved only in 
a direction vertical to the counter bottom plane, regarding a 
cone, a unique Vertex that does not belong to the bottom 
plane can be moved only in a direction vertical to the bottom 
plane, and the like, deformation can be expressed while 
maintaining geometric properties of a three-dimensional 
model. 

0052 Next, the correspondence between images will be 
described with reference to FIG. 5. As shown in FIG. 5, in 
the case of Selecting two images of a building Seen at 
different angles as processing target frames, the correspon 
dence therebetween can be determined when a user Specifies 
the identical portion of two images, using a mouse or the 
like. For example, in FIG. 5, a white X mark is put in the 
vicinity of the center of two images, respectively. The 
correspondence between two images is established by the X 
mark. The correspondence can easily be specified by an 
interface Such as a mouse. More Specifically, the correspon 
dence is composed of an identifier of one image, image 
coordinates of the corresponding portion on one image, an 
identifier of the other image, and image coordinates of the 
corresponding portion on the other image. At least one 
correspondence should be specified for reproduction of one 
object. A plurality of correspondences may be specified. 

0053. Further, based on the correspondence between the 
image and the three-dimensional model, it is made clear 
where the three-dimensional model is positioned on each 
frame. Considering the case where a three-dimensional 
model is applied to an image exhibiting a simple rectangular 
Solid as shown in FIG. 6, a three-dimensional model is 
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expressed by a wire frame, and the three-dimensional model 
is deformed So that vertexes correspond to an outline of the 
object in the target image by dragging a mouse or the like. 
Finally, as shown in FIG. 6, the outline of the target object 
in the image should correspond to the wire frame. 
0054) Next, a method for determining a three-dimen 
Sional model that Satisfies both the inter-image correspon 
dence and the correspondence between the image and the 
three-dimensional model will be described in detail. As a 
three-dimensional model to be illustrated, a rectangular Solid 
similar to that in FIG. 6 will be considered. 

0055. In this case, 8 vertexes can be expressed by (0, 0, 
0), (1,0,0), (0, h, 0), (1, h, 0), (0, 0, d), (1, 0, d), (0, h, d), 
and (1, h., d) in a three-dimensional coordinate System, 
respectively. Herein, h and d are variables, h represents a 
height, and d represents a depth. By determiningh and d, the 
shape of a target object can be determined as an entity of a 
rectangular Solid model. 
0056 Similarly, in the case of a regular n-angular prism, 
vertexes can be expressed by (cos (2 ti/n), Sin (2 ti/n), 0), 
(cos (2 ti/n), sin (2 ti/n), d) (i is an integer, i=0,..., n-1). 
In the case of a regular n-pyramid, Vertexes can be expressed 
by (cos (2.Li/n), sin (2 ti/n), 0) (i is an integer, i=0,..., n-1), 
(0, 0, d). In any case, if a variable d is determined, the shape 
of a target object can be determined as an entity of a 
three-dimensional model. Regarding the other three-dimen 
Sional models, parameters Similar to d and h are prepared, 
whereby the shape of a target object can be determined as an 
entity of a three-dimensional model. 
0057 The above-mentioned vertex has a vertex number 
for identifying each vertex. Each plane of a model can be 
expressed by a graph of vertex numbers. In a model of a 
rectangular Solid, if a vertex number is provided to each 
vertex as follows: 0:(0, 0, 0), 1:(1, 0, 0), 2:(0, h, 0), 3:(1, h, 
0), 4: (0, 0, d), 5:(1, 0, d), 6: 0, h., d), 7:(1, h, d), each plane 
is composed of four vertexes. Therefore, each plane can be 
expressed by being assigned a plane number as follows: 0: 
0-1-3-2, 1:4-5-7-6, 2:0-1-5-4, 3:2-3-7-6, 4:0-2-6-4, and 5:1- 
3-7-5. 

0.058. In order to specify the correspondence between 
each image and the three-dimensional model, it is required 
to project a three-dimensional model onto an image by 
perspective projection. Since there are a plurality of basic 
images, a frame number is provided to each image, and a 
variable representing the perspective projection process is 
determined while adjusting the above-mentioned variablesh 
and d, whereby a Solution Satisfying the correspondence 
between each image and the three-dimensional model can be 
obtained. 

0059 When the perspective projection process is 
expressed by a mathematical expression, vertexes (x, y, z) of 
a three-dimensional model are projected onto points (r, c) on 
an image as expressed by Equation 1. 
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0060. Where r and c are a row number and a column 
number of an image, respectively, A is a rotating matrix of 
3x3, and 0 is an origin vector representing movement on a 
Screen. Thus, a rotation matrix is expressed by three rotation 
angles and the order of the origin vector is 3; therefore, it is 
clear that r and c are composed of three variables. Further, 
f represents a focal length. 
0061 Further, in order to express the correspondence 
between images, it should be considered that coordinates on 
a three-dimensional model of the corresponding point are (X, 
y, z), and a projection position based on a projection 
equation represented by Equation 1 becomes a Specified 
coordinate. 

0062 More specifically, in the case where there are p 
correspondences, the q-th (q=0,...,p-1) correspondence is 
composed of the following elements. That is, the q-th 
correspondence is composed of coordinates (x, y, z) of an 
arbitrary point in a three-dimensional model coordinate 
System, a plane number S of a plane on which the point is 
present, one frame number I at which the point is 
observed, a projection position (r1, c) in the image, the 
other frame number i.e., cle at which the point is observed, 
and a projection position (r.2, c.2) in the image. Among 
them, (x, y, z) is an unknown number, so that one set of 
correspondence has three unknown numbers. 

0063. From the above-mentioned consideration, 
unknown numbers are as follows: shape parameterS h and d 
of a model or a shape parameter d of a model, a focal length 
f (i=0, . . . , n-1) of n frames, a rotating matrix 
A (i=0,..., n-1), an origin vector O (i=0,..., n-1), and 
correspondence coordinates of p correspondences (x, y, 
Z) (q=0,...,p-1). Thus, the number of unknown numbers 
becomes 2+7n+3p or 1+7n+3p. 

0064. In contrast, conditions to be given are as follows: 
Specifically, in the case where a model is composed of m 
vertexes, coordinates (ri, c) (i=0,..., n-1, j=0,..., m-1) 
of an image in which each vertex P=(x, y, z) (j=0,..., 
m-1) of a model is seen on an i-th frame, a plane number S. 
having a point (x, y, z) at which the correspondence is 
given with respect to a q-th (q=0,...,p-1) correspondence, 
one frame number 11, a projection position (r1, c.) on the 
frame, and the other frame number is and a projection 
position (r.2, c.2) on the frame. 
0065 Thus, assuming that a conversion equation in 
which the point (x, y, z) in a three-dimensional model 
coordinate System is projected to the i-th frame is expressed 
as F (x, y, z, f, A, O.) by using the focal length f, the 
rotating matrix A, and the origin vector O, Simultaneous 
Equations 2 hold. 

0067 Further, as restricting conditions, assuming that an 
equation of an S-th plane is expressed as S (x, y, z, S), 
Equation 3 holds. 

0068. By solving the above-mentioned equations, shape 
parameters of the three-dimensional model can be deter 
mined, and incidentally, a projection equation of a three 



US 2001/0005425 A1 

dimensional mode to an image frame, and coordinates of the 
corresponding point can be obtained. 
0069. The above-mentioned simultaneous equations can 
be Solved in the case where the number of these equations 
is equal to or larger than the number of variables. A Solution 
is not particularly limited. A general method of least Squares 
may be used, or various methods Such as maximum likeli 
hood estimation, Levenberg-Marquart method, and robust 
estimation may be used. 
0070 When the three-dimensional model is determined 
in the above-mentioned procedure, a pattern image is 
obtained based on the correspondence between the final 
three-dimensional model and the image. FIG. 9 shows an 
example of a generated pattern image in the case where the 
final three-dimensional model is determined as represented 
by white lines in FIGS. 7 and 8. 
0071. The pattern of a three-dimensional model is 
obtained by converting given image information to an image 
in the case where each plane of the three-dimensional model 
is observed from a front Side. In the case where an partial 
image is seen in a plurality of frames as shown in FIGS. 7 
and 8, a pattern image as shown in FIG. 9 should be 
generated as an overlapping image of each front Side of the 
frames. A conversion equation of Such image information 
can be derived from parameters representing a projection 
proceSS and projection geometry. 

0.072 Information regarding the three-dimensional 
model thus obtained is composed of coordinates of each 
vertex of the three-dimensional model, a graph of Vertexes 
forming Sides and planes, and a pattern image attached to 
each plane. Such information should be output in accor 
dance with the existing format such as VRML (Virtual 
Reality Modeling Language). 
0073. As described above, in Embodiment 1, the shape of 
a three-dimensional model can be determined while the 
correspondence of a pattern is also taken into consideration, 
and the shape and the like in a three-dimensional Scene can 
be reproduced as a natural three-dimensional model in 
which a shift and the like of a pattern does not occur in the 
completed three-dimensional model. 

Embodiment 2 

0.074 Embodiment 2 of the present invention will be 
described with reference to the drawings. 
0075 FIG. 10 is a block diagram of an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
scene in Embodiment 2 of the present invention. In FIG. 10, 
reference numeral 301 denotes an image input part, 302 
denotes an image Storing part, 303 denotes an image Select 
ing part, 304 denotes a three-dimensional model input part, 
305 denotes a three-dimensional model storing part, 306 
denotes a three-dimensional model selecting part, 307 
denotes an image-three-dimensional model correspon 
dence obtaining part, 308 denotes a part for Simultaneously 
executing investigation of inter-image correspondence and 
reproduction of three-dimensional information, 309 denotes 
a pattern image creating part, and 310 denotes a generated 
model output part, respectively. 

0076 FIG. 10 is different from FIG. 2 that is a block 
diagram of an apparatus for reproducing a shape and a 
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pattern in a three-dimensional Scene in Embodiment 1 of the 
present invention, mainly in a method for obtaining the 
correspondence between images and between the image and 
the three-dimensional model. 

0077. In FIG. 10, first, in the same way as in FIG. 2, in 
the image input part 301, a plurality of images to be used are 
captured in the image Storing part 302 as a Video image or 
a plurality of Still images by using an image input apparatus 
or the like. Next, in the image Selecting part 303, a user 
Selects a plurality of frames to which processing is applied. 

0078. On the other hand, in the three-dimensional model 
input part 304, a three-dimensional model of an object 
assumed as a target is input, and Stored in the three 
dimensional model storing part 305. Next, in the three 
dimensional model Selecting part 306, the user Selects a 
three-dimensional model that best fits the object in the target 
image from a model group Stored in the three-dimensional 
model storing part 305. 
0079. In the image-three-dimensional model correspon 
dence obtaining part 307, the user Specifies portions corre 
sponding to each other between the Selected respective 
images and the three-dimensional model. For example, this 
corresponds to that the user Specifies the identical position 
determined based on a pattern, fine-adjusts the position of a 
vertex in accordance with the three-dimensional model, and 
the like. 

0080 When the correspondence between each image and 
the three-dimensional model is determined, in the part for 
Simultaneously executing investigation of inter-image cor 
respondence and reproduction of three-dimensional infor 
mation 308, the three-dimensional model is deformed so as 
to Satisfy the correspondence between each image and the 
three-dimensional model while investigating portions cor 
responding to each other between the respective images. 
Then, the final shape of the three-dimensional model is 
established, and the final correspondence between the three 
dimensional model and the image is also established. 
0081 Finally, in the pattern image generating part 309, a 
pattern image to be attached to each Surface of the three 
dimensional model is generated based on the final corre 
spondence between the three-dimensional model and the 
image, and in the generated model output part 310, the 
pattern image is converted into a data format of a three 
dimensional model display System to be output. 

0082. As described above, regarding a method for deter 
mining a three-dimensional model in the case where inves 
tigation of the correspondence between the images and 
reproduction of three-dimensional information are Simulta 
neously executed, the correspondence shown in Embodi 
ment 1 is not used, but a condition that pattern information 
with respect to the identical portion in the three-dimensional 
model is equal between frames should be mathematically 
expressed and added to Simultaneous equations described in 
Embodiment 1. 

0083. For example, it is assumed that an arbitrary point 
(x, y, z) on a three-dimensional model can be expressed by 
a three-dimensional vector function C (x, y, z, a) on an i-th 
frame. Herein, at is a parameter vector that changes a color 
of a three-dimensional model to a color Seen in the i-th 
frame, which implies adjustment or the like in the case 
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where the brightness is changed by adjustment or the like of 
a camera diaphragm when each frame is shot. 
0084. In the case where a point (rc) in the i-th (0s is n 
1) frame is present on a plane S, coordinates (x, y, z) on the 
three-dimensional model can be obtained by solving Simul 
taneous Equations 4. 

(4) 

f () 
A | 

0085) Further, an image is projected onto a point (r, c) 
that satisfies Simultaneous Equations 5 in a j-th (zi, 
Osjsn-1) frame. 

y (5) 
i Jiz 

Ci X 
Jiz 

0.086 Where, it is assumed that a color in the i-th frame 
(r, c) is expressed by a vector I (r, c), a matching condition 
of the previous pattern can be expressed by I (r., c)=C(X, 
y, z, a.), I (r., c)=C(x, y, z, a). By Setting these equations 
with respect to all the points in a range contained in a 
three-dimensional model on a Screen, Simultaneous equa 
tions can be formulated. Then, by Solving these Simulta 
neous equations Simultaneously with Simultaneous Equa 
tions 2, the following unknown numbers of a three 
dimensional model and a projection can be obtained without 
determining the correspondence between the respective 
images. 

X. 

0.087 Specifically, the unknown numbers are shape 
parameterS h and d of a model or a shape parameter d of a 
model, a focal length f(i=0,..., n-1) of n frames, a rotating 
matrix A (i=0, . . . , n-1), and an origin vector O, 
(i=0,..., n-1). 
0088. In order to solve these simultaneous equations, it is 
required that, among the equations, the number of equations 
regarding a pattern matching condition is larger than n times 
of the order of ai. A Solution is not particularly limited. A 
general method of least Squares may be used, or various 
methods Such as maximum likelihood estimation, Leven 
berg-Marquart method and robust estimation may be used. 
0089. As described above, in Embodiment 2, in order to 
determined the shape of a three-dimensional model, the 
correspondence of a pattern is not required to be determined 
previously. A three-dimensional model is determined while 
considering the Shape of a three-dimensional model at a time 
of reproduction of the three-dimensional model. Thus, the 
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shape and the like in a three-dimensional Scene can be 
reproduced as a natural three-dimensional model in which a 
shift or the like of a pattern does not occur in the completed 
three-dimensional model. 

0090 Next, processing operations of a program of real 
izing an apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene in Embodiment 1 of the present 
invention will be described. FIG. 11 is a flow chart illus 
trating processing of a program for realizing an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
Scene in Embodiment 1 of the present invention. 
0091 Referring to FIG. 11, a plurality of target images 
are input (Operation 401). Thereafter, the correspondence 
between a plurality of images is investigated on one hand 
(Operation 402), and an appropriate three-dimensional 
model is applied So as to determine the correspondence 
between each image and the three-dimensional model on the 
other hand (Operation 403). When each correspondence is 
determined, the three-dimensional model is deformed while 
Satisfying the correspondence to reproduce three-dimen 
Sional information (Operation 404). Finally, a pattern image 
is attached to each Surface of a three-dimensional model 
based on each correspondence (Operation 405), and a three 
dimensional model is output (Operation 406). 
0092. Examples of a recording medium storing a program 
for realizing an apparatus for reproducing a shape and a 
pattern in a three-dimensional Scene in Embodiment 1 of the 
present invention include a storage apparatus 121 provided 
at the end of a communication line and a recording medium 
123 such as a hard disk and a RAM of a computer, as well 
as a portable recording medium 122 such as a CD-ROM 
122-1 and a floppy disk 122-2, as illustrated by examples of 
recording media in FIG. 12. In execution, the program is 
loaded and executed on a main memory. 
0093. Further, examples of a recording medium storing 
three-dimensional model data generated by an apparatus for 
reproducing a shape and a pattern in a three-dimensional 
Scene in Embodiment 1 of the present invention include a 
Storage apparatuS 121 provided at the end of a communica 
tion line and a recording medium 123 Such as a hard disk and 
a RAM of a computer, as well as a portable recording 
medium 122 such as a CD-ROM 122-1 and a floppy disk 
122-2, as illustrated by examples of recording media in FIG. 
12. For example, the recording medium is read by a com 
puter when an apparatus for reproducing a shape and a 
pattern in a three-dimensional Scene of the present invention 
is used. 

INDUSTRIAL APPLICABILITY 

0094. As described above, according to the method and 
apparatus for reproducing a shape and a pattern in a three 
dimensional Scene of the present invention, the shape of a 
three-dimensional model can be deformed while the consis 
tency of a pattern on the Surface of the three-dimensional 
model is being taken into consideration. Therefore, it 
becomes possible to reproduce a three-dimensional model 
that is close to an entity of a three-dimensional Scene. 

1. A method for reproducing a shape and a pattern in a 
three-dimensional Scene forming a three-dimensional model 
used for computer graphics based on a plurality of images, 
comprising: 

capturing the plurality of images, Storing the captured 
images, Selecting a plurality of frames to which pro 
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cessing is applied from the Stored images, and extract 
ing correspondence between the plurality of images, 

inputting the three-dimensional model to be a base, Stor 
ing the input three-dimensional model, Selecting the 
three-dimensional model that defines geometric prop 
erties of a target object in the images, and Specifying 
correspondence between the images and the three 
dimensional model; 

deforming the three-dimensional model while Satisfying 
both the obtained correspondence between the images 
and the obtained correspondence between the images 
and the three-dimensional model; 

generating a pattern image to be attached to a Surface of 
the three-dimensional model, based on a shape of the 
final three-dimensional model obtained by the deform 
ing, and the Specified correspondence between the final 
three-dimensional model and the images, and 

outputting the completed final three-dimensional model. 
2. A method for reproducing a shape and a pattern in a 

three-dimensional Scene according to claim 1, wherein, in 
the extracting of the correspondence between the plurality of 
images, a user can Specify the correspondence. 

3. A method for reproducing a shape and a pattern in a 
three-dimensional Scene according to claim 1, wherein, in 
the extracting of the correspondence between the plurality of 
images, the correspondence between the plurality of images 
is determined based on brightness of the images and infor 
mation obtained by processing the brightness. 

4. A method for reproducing a shape and a pattern in a 
three-dimensional Scene forming a three-dimensional model 
used for computer graphics based on a plurality of images, 
comprising: 

capturing the plurality of images, Storing the captured 
images, and Selecting a plurality of frames to which 
processing is applied from the Stored images, 

inputting the three-dimensional model to be a base, Stor 
ing the input three-dimensional model, Selecting the 
three-dimensional model that defines geometric prop 
erties of a target object in the images, and Specifying 
correspondence between the images and the three 
dimensional model; 

deforming the three-dimensional model while investigat 
ing portions, between the images, which Satisfy the 
obtained correspondence between the images and the 
three-dimensional model; 

generating a pattern image to be attached to a Surface of 
the three-dimensional model, based on a shape of the 
final three-dimensional model obtained by the deform 
ing, and the Specified correspondence between the final 
three-dimensional model and the images, and 

outputting the completed final three-dimensional model. 
5. A method for reproducing a shape and a pattern in a 

three-dimensional Scene according to claim 1, wherein, in 
the deforming of the three-dimensional model and in the 
generating of a pattern image to a Surface of the three 
dimensional model, a user can specify a partial change in 
geometric properties of the three-dimensional model. 

6. A method for reproducing a shape and a pattern in a 
three-dimensional Scene according to claim 4, wherein, in 
the deforming of the three-dimensional model and in the 
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generating of a pattern image to a Surface of the three 
dimensional model, a user can specify a partial change in 
geometric properties of the three-dimensional model. 

7. A method for reproducing a shape and a pattern in a 
three-dimensional Scene according to claim 1, wherein, in 
the deforming of the three-dimensional model and in the 
generating of a pattern image to a Surface of the three 
dimensional model, the three-dimensional model can be 
replaced. 

8. A method for reproducing a shape and a pattern in a 
three-dimensional Scene according to claim 4, wherein, in 
the deforming of the three-dimensional model and in the 
generating of a pattern image to a Surface of the three 
dimensional model, the three-dimensional model can be 
replaced. 

9. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene forming a three-dimensional 
model used for computer graphics based on a plurality of 
images, comprising: 

an image input part for capturing the plurality of images, 
an image Storing part for Storing the images captured from 

the image input part; 
an image Selecting part for Selecting a plurality of frames 

to which processing is applied from the images Stored 
in the image Storing part, 

an inter-image correspondence obtaining part for extract 
ing correspondence between the plurality of images, 

a three-dimensional model input part for inputting the 
three-dimensional model to be a base, 

a three-dimensional model Storing part for Storing the 
three-dimensional model input from the three-dimen 
Sional mode input part; 

a three-dimensional model Selecting part for Selecting the 
three-dimensional model that defines geometric prop 
erties of a target object in the images, 

an image-three-dimensional model correspondence 
obtaining part for Specifying correspondence between 
the images and the three-dimensional model; 

a three-dimensional information reproducing part for 
deforming the three-dimensional model while Satisfy 
ing both the correspondence between the images 
obtained in the inter-image correspondence obtaining 
part and the correspondence between the images and 
the three-dimensional model obtained in the image 
three-dimensional model correspondence obtaining 
part, 

a pattern image generating part for generating a pattern 
image to be attached to a Surface of the three-dimen 
Sional model, based on a shape of the final three 
dimensional model obtained in the three-dimensional 
information reproducing part, and the Specified corre 
spondence between the final three-dimensional model 
and the images, and 

a generated model output part for outputting the com 
pleted final three-dimensional model. 

10. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 9, wherein, in 
the inter-image correspondence obtaining part, a user can 
Specify the correspondence. 
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11. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 9, wherein, in 
the inter-image correspondence obtaining part, the corre 
spondence between the plurality of images is determined 
based on brightness of the images and information obtained 
by processing the brightness. 

12. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene forming a three-dimensional 
model used for computer graphics based on a plurality of 
images, comprising: 

an image input part for capturing the plurality of images, 
an image Storing part for Storing the images captured from 

the image input part; 
an image Selecting part for Selecting a plurality of frames 

to which processing is applied from the images Stored 
in the image Storing part, 

a three-dimensional model input part for inputting the 
three-dimensional model to be a base, 

a three-dimensional model Storing part for Storing the 
three-dimensional model input from the three-dimen 
Sional mode input part; 

a three-dimensional model Selecting part for Selecting the 
three-dimensional model that defines geometric prop 
erties of a target object in the images, 

an image-three-dimensional model correspondence 
obtaining part for Specifying correspondence between 
the images and the three-dimensional model; 

a part for Simultaneously executing investigation of inter 
image correspondence and reproduction of three-di 
mensional information for deforming the three-dimen 
Sional model while investigating portions, between the 
images, which Satisfy the correspondence between the 
images and the three-dimensional model obtained in 
the image-three-dimensional model correspondence 
obtaining part; 

a pattern image generating part for generating a pattern 
image to be attached to a Surface of the three-dimen 
Sional model, based on a shape of the final three 
dimensional model obtained in the part for Simulta 
neously executing investigation of inter-image 
correspondence and reproduction of three-dimensional 
information, and the Specified correspondence between 
the final three-dimensional model and the images, and 

a generated model output part for outputting the com 
pleted final three-dimensional model. 

13. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 9, wherein, in 
the part for Simultaneously executing investigation of inter 
image correspondence and reproduction of three-dimen 
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Sional information, and in the pattern image generating part, 
a user can Specify a partial change in geometric properties of 
the three-dimensional model. 

14. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 12, wherein, in 
the part for Simultaneously executing investigation of inter 
image correspondence and reproduction of three-dimen 
Sional information, and in the pattern image generating part, 
a user can Specify a partial change in geometric properties of 
the three-dimensional model. 

15. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 9, wherein, in 
the part for Simultaneously executing investigation of inter 
image correspondence and reproduction of three-dimen 
Sional information, and in the pattern image generating part, 
the three-dimensional model can be replaced. 

16. An apparatus for reproducing a shape and a pattern in 
a three-dimensional Scene according to claim 12, wherein, in 
the part for Simultaneously executing investigation of inter 
image correspondence and reproduction of three-dimen 
Sional information, and in the pattern image generating part, 
the three-dimensional model can be replaced. 

17. A computer-readable recording medium Storing a 
program to be executed by a computer for creating a 
three-dimensional model used for computer graphics based 
on a plurality of images, the program comprising: 

capturing the plurality of images, 
Storing the captured images; 
Selecting a plurality of frames to which processing is 

applied from the Stored images, 
extracting correspondence between the plurality of 

images; 
inputting the three-dimensional model to be a base; 
Storing the input three-dimensional model; 
Selecting the three-dimensional model that defines geo 

metric properties of a target object in the images, 
Specifying correspondence between the images and the 

three-dimensional model; 
deforming the three-dimensional model while Satisfying 

both the obtained correspondence between the images 
and the obtained correspondence between the images 
and the three-dimensional model; 

generating a pattern image to be attached to a Surface of 
the three-dimensional model, based on a shape of the 
final three-dimensional model obtained by the deform 
ing, and the Specified correspondence between the final 
three-dimensional model and the images, and 

outputting the completed final three-dimensional model. 
k k k k k 


