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(57) ABSTRACT 
The Stereoscopic CG image generating apparatus and a 
Stereoscopic TV apparatus, has a projection transformation 
Section which, based on three-dimensional Structural infor 
mation describing a three-dimensional shape of an object, 
generates a plurality of two-dimensional projection models 
as viewed from a plurality of Viewpoints, a distance infor 
mation extraction Section which generates a camera-to 
object distance information used for calculations in the 
projection transformation Section, and a camera parameter 
determining Section which, based on the output of the 
distance information extraction Section, the Screen size of a 
Stereoscopic image display device for displaying finally 
generated two-dimensional projection models, and a view 
er's viewing distance, determines camera parameters So that 
stereoscopic CG images will be brought within the viewer's 
binocular fusional range. According to the thus constructed 
Stereoscopic CG image generating apparatus and Stereo 
Scopic TV apparatus, proper camera parameters (focal 
length or field of view, camera spacing, and converging 
point) are determined based on the camera-to-object dis 
tance information, the magnitude of parallax of the gener 
ated Stereoscopic CG images on the display device (or in a 
window on the display screen), and the viewing distance, so 
that easy-to-view Stereoscopic CG images are automatically 
generated regardless of the display size, and by horizontally 
translating left-eye and right-eye images, binocular parallax 
of displayed imageS is automatically brought within the 
Viewer's binocular fusional range regardless of the size of a 
Stereoscopic display used. 
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STEREOSCOPIC CG IMAGE GENERATING 
APPARATUS AND STEREOSCOPC TV 

APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a stereoscopic CG 
image generating apparatus for making Stereoscopic Vision 
possible by Stereoscopically displaying two-dimensional 
images generated from three-dimensional Structural infor 
mation, and also relates to a Stereoscopic TV apparatus for 
displaying a stereoscopic image. 

0003 2. Related Art of the Invention 
0004. An example of a prior art stereoscopic image 
generating apparatus is shown in FIG. 10. According to this 
apparatus, three-dimensional Structural information, 
describing a three-dimensional shape of an object by a 
Surface model, is input (the object is approximated by a 
plurality of Small Surfaces called polygons, and the Struc 
tural information defines the three-dimensional positions of 
the vertices of each polygon and the faces and edges formed 
by the polygons), and the object defined by this information 
is arranged in a world coordinate System. Then, projection 
transformation Sections 1 and 2 calculate the two-dimen 
Sional positions of the object that would be projected on a 
film when photographed by an imaginary camera, and 
rendering Sections 3 and 4 determine the brightness and 
color (e.g., R, G, B values) of an image within each polygon 
on the basis of the material of the object, the type of the light 
Source used, and the three-dimensional positions. 
0005 For example, a geometric model of a polyhedron, 
such as the one shown in FIG. 11(a), is described by the 
three-dimensional coordinates of vertices V1 to V8 and the 
data structure (forming faces and edges) of the geometric 
model, as shown in FIG. 11(b), and the object described by 
this information is arranged in the World coordinate System 
as shown in FIG. 12(a). Then, an image (vertices) of the 
object projected on a screen 50, as viewed from viewpoint 
E of the camera, is calculated. Next, the positions on the 
Screen of the faces and edges formed by the vertices and 
their brightness and color are calculated to produce an image 
for output. At this time, in order to produce a Stereoscopic 
image, imageS as viewed from at least two viewpoints need 
to be calculated; therefore, camera parameters must be 
specified as shown in FIG. 12(b), that is, 2Wc which is the 
spacing between a plurality of cameras, CL and CR which 
are the positions of the camera Viewpoints, P which is the 
three-dimensional coordinates of the converging point of the 
cameras, and f which is the focal length of the cameras (or 
0 which is the field of view). 
0006 FIG. 18 shows an example of a prior art stereo 
Scopic TV apparatus for displaying a Stereoscopic image. 
0007. This apparatus comprises two CRTs with crossed 
polarizing filters attached to their respective display Sur 
faces, and a half-silvered mirror is used to combine the two 
display images. When Viewed by a viewer wearing glasses 
constructed from corresponding polarizing filters, the 
images are shown to the viewer's left eye and right eye, 
respectively. 
0008 However, in the above prior art stereoscopic CG 
generating apparatus, the plurality of camera parameters 
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have to be changed according to the viewing distance and 
Screen size, but in actuality, these parameters are adjusted by 
a CG operator, based on his experience, by viewing the 
generated Stereoscopic CG images and Setting the param 
eters So that an easy-to-view image can be presented to the 
viewer. There is therefore the problem that if stereoscopic 
CG images generated with improperly adjusted parameters 
are displayed on a Stereoscopic image display device, the 
binocular parallax of the Stereoscopic images (expressing, 
for example, the difference between the horizontal positions 
of the same vertices in the left and eight images in terms of 
view angle) often exceeds the allowable range of the viewer, 
resulting in unnatural Stereoscopic images that tend to 
increase eye Strain. 
0009. In view of the above problem of the prior art 
Stereoscopic CG image generating apparatus, it is an object 
of the present invention to provide a Stereoscopic image 
generating apparatus that can automatically generate natural 
and easy-to-view Stereoscopic imageS for a viewer regard 
less of the viewing distance and Screen size. 
0010. In the case of the prior art stereoscopic TV appa 
ratus, when the same Stereoscopic image Signal is input, if 
the Screen size is different, the binocular parallax of dis 
played images is also different. FIG. 19 explains this; that is, 
binocular parallax AS on a Small display Screen (a) increases 
to AL on a large display Screen (b). If this binocular parallax 
becomes too large, the viewer will have difficulty in achiev 
ing Stereoscopic vision, thus increasing eye Strain. 
0011. Difficulty in achieving stereoscopic vision means 
that, if binocular parallax AN becomes large, and the dis 
tance between the image display Screen and point P where 
the object is perceived for Stereoscopic viewing increases, as 
shown in FIG. 200a), there arises a conflict between the 
adjustment of the viewer's eye lenses and the distance 
perceived by stereoscopic vision, and (if P moves further 
closer) binocular stereoscopic vision cannot be achieved. In 
the case of FIG.20(b), in stereoscopic images an object at 
distance OO displayed with binocular parallax coinciding with 
the interpupillary distance of the viewer. If the binocular 
parallax AF becomes larger than that, the viewer will be 
unable to achieve binocular Stereoscopic vision. 
0012 For recent computer graphic terminals, multisync 
monitors are widespread that can be Switched between 
multiple resolution modes. The resolution (display fre 
quency) can be Switched over a wide range, for example, 
from a low resolution mode of 640x400-pixel Screen gen 
erally used for personal computers to a high resolution mode 
of 2000x1000-pixel for workstations. If one multisync dis 
play is used to Switch between these image Signals, the 
displayed size of an image consisting of the same number of 
dots varies according to the resolution of the image Signal 
because the display screen size is the same. FIG. 19 shows 
this; that is, part (c) shows a display of a low-resolution 
image Signal, and part (d) shows a display of a high 
resolution image signal. In part (d), the displayed image is 
Small, while in part (c), binocular parallax AS is larger than 
At. 

0013 When stereoscopic CG images or the like are 
displayed on Such a display, binocular parallax of displayed 
images varies greatly according to the image resolution, in 
Some cases making it difficult for the view to achieve 
Stereoscopic vision and thus tending to increase eye Strain. 
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0.014 Currently, there are three types of broadcast video 
signals, EDTV, EDTV, and NTSC. These signal formats 
differ not only in resolution but also in Screen aspect ratio, 
and hence, there arise differences in display size. Further 
more, in Some display methods, the size can be changed as 
in a windowing environment. Accordingly, binocular paral 
lax of displayed images varies greatly, in Some cases making 
it difficult for the view to achieve stereoscopic vision and 
tending to increase eye Strain. 

0.015 The present invention is also intended to resolve 
the above-outlined problems involved in Stereoscopic pre 
Sentation of natural images, and it is also an object of the 
invention to make it possible to produce easy-to-view, 
natural-looking Stereoscopic images by automatically 
adjusting the amount of binocular parallax according to the 
Screen (window) size even when the same Stereoscopic 
image Signal is input. 

SUMMARY OF THE INVENTION 

0016. According to the present invention, the fusional 
range computing means commutes the binocular fusional 
range of the viewer viewing the Screen of the Stereoscopic 
image display device for displaying the Stereoscopic image 
of the object, on the basis of the pre-entered parameters 
consisting at least of the size of the Screen and the viewing 
distance between the Screen and the viewer, and the camera 
parameter calculating means calculates the conditions for 
camera parameters, based on the binocular fusional range 
and on the object-to-camera distance generated by the 
distance information extraction Section, So that the object in 
its entirety can be brought within the viewer's binocular 
fusional range; then, using the camera parameter determin 
ing Section, the CG operator determines the camera param 
eters based on the output of the camera parameter calculat 
ing means, and based on three-dimensional Structural 
information describing a three-dimensional shape of an 
object, using the thus determined camera parameters, the 
projection transformation Section generates the plurality of 
two-dimensional projection imageS as viewed from the 
plurality of cameras. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a first embodiment of the present invention; 
0.018 FIG. 2 is a diagram showing the relationship 
between an object and camera positions in a CG Space 
(world coordinate System) according to the present inven 
tion; 

0.019 FIG. 3 is a diagram showing a viewer space 
(defining the Space where Stereoscopic images are viewed) 
according to the present invention; 
0020 FIG. 4 is a diagram showing a stereoscopic image 
parallel shooting method according to the present invention; 

0021 FIG. 5(a) is a diagram showing an example of a 
display produced on a display Section in an operation Section 
according to the first embodiment, and 

0022 FIG. 5(b) is a diagram showing an operation panel 
of the operation Section; 
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0023 FIG. 6 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a Second embodiment of the present invention; 
0024 FIG. 7 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a third embodiment of the present invention; 
0025 FIG. 8(a) is a diagram showing the concept of near 
clipping and far clipping (independently for left and right 
cameras), and 
0026 FIG. 8(b) is a diagram showing the concept of near 
clipping and far clipping (common to left and right cameras) 
according to the third embodiment; 
0027 FIG. 9 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a fourth embodiment of the present invention; 
0028 FIG. 10 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
the prior art; 
0029 FIG. 11(a) is a diagram showing an example of a 
geometric model for explaining three-dimensional Structural 
information, and 
0030 FIG. 11(b) is a diagram showing data structure of 
the geometric model; 
0031 FIG. 12(a) is a diagram showing a world coordi 
nate System and projection transformation, and 
0032 FIG. 12(b) is a diagram showing camera param 
eters, 

0033 FIG. 13 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a fifth embodiment of the present invention; 
0034 FIG. 14 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to a sixth embodi 
ment of the present invention; 
0035 FIG. 15 is a diagram showing the operation of a 
parallax calculation Section according to the present inven 
tion; 
0036 FIG. 16 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to a Seventh embodi 
ment of the present invention; 
0037 FIG. 17 is a diagram showing a time-multiplexed 
Stereoscopic image Signal according to the Seventh embodi 
ment of the present invention; 
0038 FIG. 18 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to the prior art; 
0039 FIG. 19 is a diagram showing relationships 
between binocular parallax and display image size and 
image resolution; 
0040 FIG. 20 is a diagram showing a viewer's binocular 
fusional range; 
0041 FIG. 21 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to an eighth embodi 
ment of the present invention; and 
0042 FIG. 22 is a diagram showing the relationship 
between Viewing angle of display Screen and binocular 
fusional limits. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043 (Embodiment 1) 
0044 FIG. 1 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a first embodiment of the present invention. In FIG. 1, 
reference numerals 1 and 2 are projection transformation 
Sections and 3 and 4 are rendering Sections, these Sections 
are the Same as those used in the prior art Stereoscopic CG 
generating apparatus. The present embodiment differs from 
the prior art Stereoscopic CG image generating apparatus in 
that a distance information extraction Section 5, a fusional 
range verification Section 11, a camera parameter determin 
ing Section 6, and an operation Section 12 are added. The 
fusional range verification Section 11 includes a fusional 
range calculating means and a camera parameter calculating 
CS. 

004.5 The operation of the stereoscopic CC image gen 
erating apparatus of the present embodiment will be 
described below. First, three-dimensional structural infor 
mation, describing a three-dimensional shape of an object by 
a Surface model, is input to the projection transformation 
Sections 1 and 2 as well as to the distance information 
extraction Section 5. While checking the output images 
produced on a stereoscopic image display device (not 
shown) connected to the rendering Sections 3 and 4, a CG 
operator arranges the object and an imaginary camera (at 
midpoint between left and right cameras) at appropriate 
positions in the World coordinate System as he desires, thus 
determining its direction. The left and right cameras are 
arranged at positions of -We and +We, respectively, along 
the X-axis with the imaginary camera position V at its origin 
(see FIG. 2). It is assumed here that the camera parameters 
at this time (the camera spacing We, the focal length f, and 
the distance dx to the converging point to be described later 
with reference to FIG. 3) are preset as initial values. (The 
camera spacing We used here refers to half the distance 
between the left and right cameras. The same applies here 
inafter unless otherwise Stated.) 
0046) Next, the distance information extraction section 5 
extracts from the object a point nearest to the imaginary 
camera (near point N) and a point farthest from the imagi 
nary camera (far point F). The x, y coordinates of these 
points are calculated, and defined as N(XN, YN, ZN) and 
F(XF, YF, ZF), respectively (see FIG. 2). If these two points 
both fall within the binocular fusional range of the viewer, 
a good Stereoscopic CG image is obtained. In this case, the 
far point and near point may be determined comprehensively 
by calculating the average of the distances from the imagi 
nary camera and left and right cameras, etc. 

0047 Based on the three-dimensional coordinates of the 
near point N and far point F, and on the viewer's viewing 
distance ds and the Screen size M of the Stereoscopic image 
display device on which Stereoscopic CG images are dis 
played for viewing (ds and M are parameters entered in 
advance), the fusional range verification Section 11 calcu 
lates an effective range (where the viewer can achieve 
binocular fusing) of the camera parameters (camera spacing 
We, camera focal length f, and distance dx from camera 
converging point to imaginary camera position V). Viewer 
space parameters are defined as shown in FIG. 3. 
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0048 Mathematical expressions for the calculations are 
give below. 
0049. Near Point Condition: Mathematical 1) 

0050 Far Point Condition: Mathematical 2 

2. d, -tan-i > - d {(6)}+2AS 

(or 2W. > - A (0)}+2As) 
where 

+ WC) + ( WC) + (6) = WWN C NW." c) + y N 

+ (x + Wee - (x - Wa)". yw W C. yw W C. 

t + WC) + ( WC) + (B) WWF C w." c) + y F 

+ (x + Wa)"e - (x - We'e yF F C. yF F C. 

0051 where 2xAS indicates the phase difference between 
left and right images on the Stereoscopic image display 
screen; usually, 2XAS is set equal to the viewer's interpu 
pillary distance (about 60 mm). Further, D- and D+ repre 
Sent binocular parallaxes at the nearest point and the farthest 
point, respectively, within the range where the viewer can 
achieve binocular fusion. 

0.052 The focal length f and the field of view, 0, of a 
camera have a unique relationship with each other as 
expressed by Mathematical 3); 
0053) Mathematical 3 

tan: = - an5 = 3. 

0054 therefore, either may be used to define the param 
eter. Also, dx can be automatically determined by the camera 
position and the three-dimensional position of a point to 
which the camera is directed. The fusional range verification 
Section 11 calculates every possible combination of the 
camera spacing We, camera focal length f, and distance dx 
from camera converging point P to imaginary camera posi 
tion V, that satisfies both of the above expressions. 
0055. In Mathematical 1, D+ and D- indicate the limit 
values inside which the viewer can achieve binocular fusion. 
These values depend on the size of the image display Screen 
presented to the viewer. The fusional range verification 
Section 11 Stores in advance the values of the binocular 
fusional range corresponding to the image display Screen, 
and based on them, evaluates the viewer's fusional range. 
0056 Next, the camera parameter determining section 6 
determines which of the camera parameter combinations 
calculated by the fusional range verification Section 11 is to 
be used. 
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0057 For example, one of the following methods is used. 
0.058 (1) While checking the output images by oper 
ating the operation Section 12, the CG operator tries 
various camera parameter combinations calculated by 
the fusional range verification Section 11 and Selects 
one that he thinks gives the best result. 

0059 (2) The CG operator first determines one of the 
camera parameters, We, f, and dx, then, changes the 
remaining two parameters, by operating the operation 
Section 12, arbitrarily within parameter combinations 
presented from the fusional range verification Section 
11 (combinations of the two parameters that satisfy the 
expressions of Mathematical 1 and Mathematical 2), 
and while checking the output images, determines the 
combination that he thinks give the best result. 

0060 (3) The CG operator first determines two of the 
camera parameters, We, f, and dx, then, changes the 
remaining one parameter, by operating the operation 
Section 12, arbitrarily within the parameter range pre 
Sented from the fusional range verification Section 11 
(the range of the one parameter that satisfies the expres 
sions of Mathematical 1 and Mathematical 2), and 
while checking the output images, determines one that 
he thinks gives the best result. 

0061 The methods of (1) to (3) will be described in 
further detail below. 

0062) In the case of (1), a region (effective region) 
defining combinations of parameters, We, f, and dx, where 
the viewer can achieve binocular fusion, is displayed, along 
with a pointer 13 indicating the current combination of Wc, 
f, and dx, on a display Section arranged on the operation 
section 12, as shown in FIG. 5(a). 
0.063. The CG operator changes the position of the 
pointer by using a three-dimensional mouse or the like. At 
this time, the values of Wc, f, and dx change as the pointer 
position changes, but the pointer cannot be moved outside 
the effective region. The parameters at the coordinate posi 
tion pointed to by the pointer are output to the camera 
parameter determining Section 6, and Stereoscopic images to 
be output are calculated by the projection transformation 
Sections 1 and 2 and the rendering Sections 3 and 4. By 
Viewing the image produced on the Stereoscopic image 
display device, the CG operator adjusts the position of the 
pointer as he desires. In this way, control is performed So 
that the output Stereoscopic CG images are always produced 
within the viewer's binocular fusional range. 
0064. In the case of (2) and (3), as shown in FIG. 5(b), 
a control panel 12a is provided which comprises three 
volume controls 14, 15, and 16 for adjusting the respective 
parameters, and three lockbuttons 17, 18, and 19 for locking 
the respective parameters. It is assumed here that initially the 
lock buttons are not pressed ON. While viewing the output 
Stereoscopic CG image, first the CG operator Selects, for 
example, the focal length fout of the camera parameters and 
determines to set it to fo on the operation panel 12a (FIG. 
5(b)) by considering the field of view. The operator then sets 
the volume control 14 to fo and presses the lock button 17. 
The parameter f is thus locked to fo. When the parameter f 
is locked, the fusional range verification Section 11 calcu 
lates combinations of the remaining parameters We and dx 
which satisfy both Mathematical 1 and Mathematical 2. 
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0065 Next, the CG operator changes the parameters We 
and dx by operating the volume controls 15 and 16 while 
checking the output images. Here, provisions are made So 
that the parameters We and dx that the CG operator is going 
to Set can be changed only within the ranges of Wc and dx 
values that satisfy both Mathematical 1 and Mathematical 2. 
At this time, one or the other of the two parameters, We or 
dx, can be locked by the lock button 18 or 19. Then, only the 
remaining one parameter is changed while checking the 
output Stereoscopic CG imageS. In this way, the parameters 
can be determined one by one while constantly keeping the 
output Stereoscopic CG image within the viewer's binocular 
fusional range. 
0066. Using the camera parameters We, f, and dx deter 
mined in the above manner, the projection transformation 
Sections 1 and 2 calculate the two-dimensional positions of 
the object that would be projected on films when photo 
graphed by the right and left cameras, respectively, and the 
rendering Sections 3 and 4 determine the brightness and 
color of an image within each polygon on the basis of the 
material of the object, the type of the light Source used, and 
the three-dimensional positions. Finally, Stereoscopic CG 
imageS for the left and right eyes are output. 

0067. The present embodiment has been described by 
assuming the camera arrangement for converging shooting 
(in FIG. 2, the left and right cameras 7 and 8 are arranged 
both pointing in the direction of point P). Alternatively, the 
left and right cameras may be arranged in parallel to each 
other as shown in FIG. 4. In this case, the fusional range 
verification section 11 need not use the three-dimensional 
coordinate values of the far point of the object, but need only 
calculate combinations of Wc and f that satisfy the condition 
expressed by Mathematical 4. 

0068. Mathematical 4 

D 
ds tan-- -AS) -f - ( 

0069 (This setting is equivalent to setting dx at Co.) 
0070. In the present embodiment, the limits of the view 
er's binocular fusional range are given by Mathematical 1 
and Mathematical 2. Alternatively, D- and D+ in these 
expressions or depthwise distances corresponding to these 
parameters may be entered manually by the CG operator. 

0071. In the present embodiment, the camera parameters 
are determined based on one CG image data, but in the case 
of moving images also, the camera parameters can be 
determined in like manner by using CG image data at each 
of Successive time instants. Furthermore, if a camera param 
eter Sequence over a certain period is determined and Stored 
in advance, it is possible to play back the same Scene any 
number of times by using the Stereoscopic camera param 
eters having the same pattern of change. 

0072. As described above, according to the present 
embodiment, the camera-to-object distance information and 
the magnitude of parallax of generated Stereoscopic CG 
images on the display device are calculated from the size of 
the display device and the viewing distance, and by checking 
whether the CG images fall within the viewer's binocular 
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fusional range, proper camera parameters (focal length or 
field of view, camera spacing, and converging point) are 
determined. In this manner, easy-to-view Stereoscopic CG 
images can be obtained automatically. 

0073 (Embodiment 2) 
0.074 FIG. 6 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a second embodiment of the present invention. In FIG. 6, 
reference numerals 1 and 2 are projection transformation 
Sections, 3 and 4 are rendering Sections, and 6 is a camera 
parameter determining Section; these Sections are the same 
as those used in the Stereoscopic CG generating apparatus of 
the first embodiment. The present embodiment differs from 
the Stereoscopic CG image generating apparatus of the first 
embodiment in that the distance information extraction 
section 5 and fusional range verification section 11 in FIG. 
1 are replaced by a parallax map calculation Section 20 and 
a fusional region judging Section A21 which acts as a pixel 
count calculating means. 
0075. The operation of the stereoscopic CG image gen 
erating apparatus having the above configuration will be 
described below. 

0.076 The present embodiment is particularly effective in 
cases where, of the camera parameters We, f, and dx, at least 
one parameter, Specifically WC, is fixed by the CG operator 
and, when output without any adjustment, the entire Stereo 
Scopic CC images cannot be brought within the viewer's 
binocular fusional range. 
0077. Three-dimensional structural information, describ 
ing a three-dimensional shape of an object by a Surface 
model, is input to the projection transformation Sections 1 
and 2. As in the first embodiment, the CG operator, while 
checking the output imageS produced on the Stereoscopic 
image display device (not shown) connected to the rendering 
Sections 3 and 4, arranges the object and the imaginary 
camera (at midpoint between left and right cameras) at 
appropriate positions in the World coordinate System as he 
desires, thus determining its direction. The left and right 
cameras are arranged at positions of -We and +We, respec 
tively, along the X-axis with the imaginary camera position 
V at its origin (see FIG. 2). The camera parameters We, f, 
and dx used here are preset as initial values (at least one of 
these parameters is fixed). 
0078. Using these preset parameters, the projection trans 
formation Sections 1 and 2 convert the three-dimensional 
Structural information into imageS projected on a two 
dimensional Screen, and the resulting images are fed to the 
rendering Sections 3 and 4 which then generate CG images. 
0079 From the outputs of the rendering sections 3 and 4 
and the three-dimensional Structural information, the paral 
lax map calculation Section 20 calculates the depth data of 
the left and right images at each point of the projection 
converted images, that is, a parallax map (an image showing 
the amount of depth at each pixel). For example, by using 
results of Z buffer processing, a popular technique used in 
CG, it is possible to obtain the amount of depth at each point 
on the Screen, and it is easy to construct a parallax map using 
this technique. In the case of imageS Such as wireframes that 
do not involve rendering, a parallax map is constructed using 
the outputs of the projection transformation Sections 1 and 2 
and the three-dimensional Structural information. 
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0080 Based on the parallax map, the fusional region 
judging Section A21 calculates the number of pixels (this is 
defined as the effective pixel count), or the number of 
Vertices of polygons, or the number of centerpoints of 
polygons, that are contained in a region on the Screen that 
lies within the binocular fusional range of the viewer view 
ing the Stereoscopic CG images (the fusional range is a range 
where the parallax takes a value between D- and D+, these 
values being dependent on the Screen size, and a database 
Storing these values is included in the fusional region 
judging Section A 21). 
0081. Next, while successively changing the camera 
parameters We, f, and dx, the fusional region judging Section 
A 21 calculates, based on the output of the parallax map 
calculation section 20, the effective pixel count for every 
possible combination of Wc, f, and dx within preset varia 
tion ranges, excluding, however, the parameter whose value 
is fixed. 

0082 Then, the camera parameter determining section 6 
computes the parameters We, f, and dx that provide the 
largest effective pixel count of all the combinations of the 
parameters We, f, and dx for which the effective pixel count 
has been calculated. The thus computed parameters, We, f, 
and dx, are Supplied to the projection transformation Sec 
tions 1 and 2. 

0083. At this time, rather than selecting the maximum 
value of the effective pixel count, a number of combinations 
that provide the effective pixel count close to the maximum 
value may be presented for Selection by the CG operator, and 
the Selected combination may be Supplied to the projection 
transformation Sections 1 and 2. 

0084. Furthermore, of the three parameters, one or more 
parameters may be fixed, and the camera parameter deter 
mining Section 6 may be made to present the combination of 
the remaining parameters that provides the largest effective 
pixel count, or to present a number of combinations of the 
remaining parameters that provide the effective pixel count 
close to the maximum value, for selection by the CG 
operator. 

0085. Using the parameters thus Supplied, the projection 
transformation Sections 1 and 2 and the rendering Sections 3 
and 4 compute final Stereoscopic CG imageS. In this way, the 
camera parameters can be automatically determined to 
maximize the image portion that falls within the viewer's 
binocular fusional range. 
0086). If the effective pixel count has a plurality of maxi 
mum values, Stereoscopic CG images are generated using 
the parameters for the respective cases, and the CG operator 
Selects the desired combination of the parameters by check 
ing the results on the Stereoscopic image display apparatus. 

0087 As described, according to the present embodi 
ment, even in cases where there are limitations on the 
camera parameters and the entire Stereoscopic CG images 
produced for final output cannot be brought within the 
Viewer's binocular fusional range, the camera parameters 
We, f, and dx can be automatically determined to maximize 
the image area that falls within the binocular fusional range. 

0088. In the second embodiment described above, the 
near point and far point of the object may be computed from 
the parallax map, and thereafter, based on these results, the 
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Stereoscopic camera parameters may be determined using 
the same method as described in the first embodiment. 

0089 (Embodiment 3) 
0090 FIG. 7 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a third embodiment of the present invention. In FIG. 7, 
reference numerals 1 and 2 are projection transformation 
Sections, 3 and 4 are rendering Sections, 6 is a camera 
parameter determining Section, and 20 is a parallax map 
calculation Section; these Sections are the same as those used 
in the Stereoscopic CG image generating apparatus of the 
Second embodiment. 

0.091 The differences from the stereoscopic CG image 
generating apparatus of the Second embodiment are that the 
fusional region judging Section A21 is replaced by a fusional 
region judging Section B 21" as a pixel count calculating 
means, and that a clipping value determining Section 22 as 
a specific image processing Section is added. 
0092. The operation of the stereoscopic CG image gen 
erating apparatus having the above configuration will be 
described below. First, the camera parameter determining 
Section 6 determines the camera parameters (We, dx, f) to 
Supply to the projection transformation Sections 1 and 2 in 
the same manner as described in the foregoing Second 
embodiment. 

0.093 While checking the output images produced on the 
Stereoscopic image display device connected to the render 
ing sections 3 and 4, the CG operator arranges the object and 
the imaginary camera at appropriate positions in the World 
coordinate System as he desires, thus determining its direc 
tion. 

0094. Using the thus set parameters, the projection trans 
formation Sections 1 and 2 convert the three-dimensional 
Structural information into imageS projected on a two 
dimensional Screen, and the resulting images are fed to the 
rendering Sections 3 and 4 which then generate CG images. 
0.095 From the outputs of the rendering sections 3 and 4 
and the three-dimensional Structural information, the paral 
lax map calculation Section 20 calculates a parallax map at 
each point of the projection-converted images. 

0.096 Based on this parallax map, the fusional region 
judging Section B 21" calculates the effective pixel count of 
the region on the Screen that lies within the binocular 
fusional range of the viewer viewing the Stereoscopic CG 
images, and while Successively changing the camera param 
eters We, f, and dx, calculates the effective pixel count on 
the basis of the output of the parallax map calculation 
Section 20. 

0097. The fusional region judging section B 21' has a 
database defining relationships between Screen size and 
fusional range, and calculates the effective pixel count by 
referencing this database. 
0.098 Next, the camera parameter determining section 6 
commutes the parameters We, f, and dx that provide the 
largest effective pixel count of all the combinations of the 
parameters We, f, and dx for which the effective pixel count 
has been calculated. The thus computed parameters, We, f, 
and dx, are Supplied to the projection transformation Sec 
tions 1 and 2. 
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0099. Using the parameters thus Supplied, the projection 
transformation Sections 1 and 2 and the rendering Sections 3 
and 4 compute final Sterecscopic CG images. Once the 
camera parameters have been determined, their values are 
fixed. 

0100 Here, consider the situation where the object is 
moved or the left and right cameras are moved while 
maintaining their positional relationship. If the cameras are 
moved toward the object, the distance to the object 
decreases, and the binocular parallax increases, eventually 
exceeding the viewer S binocular fusional range. The same 
applies for the far point. To address this problem, clipping is 
applied while holding the camera parameters fixed. 

0101. In conventional CG image processing, the render 
ing Sections 3 and 4 would apply clipping to a near object 
and a far object so that they would not be displayed. In the 
present embodiment, on the other hand, values defining Such 
clipping positions are determined for the rendering Sections 
3 and 4, as shown in FIG. 8(a), so that images outside the 
binocular fusional range will not be output. 

0102 That is, the fusional region judging section B 21 
calculates the limits (near limit and far limit) of the viewer's 
binocular fusional range. More Specifically, in the World 
coordinate system of FIG. 8(a), all points that satisfy 
Mathematical 1 and Mathematical 2 are computed. In FIG. 
8(a), the region consisting of Such points is defined as the 
shaded region. 

0103) Next, a near clipping value, CLN, and a far clip 
ping value, CLF, are determined So that those points lying 
outside the shaded region will not be included in the final 
CG images output for display. (CLNR and CLNL are near 
clipping planes for the right camera and left camera, respec 
tively, and CLFR and CLFL are far clipping planes for the 
right camera and left camera, respectively.) only objects 
lying within the region bounded by the near clipping planes 
and far clipping planes are output from the rendering Section 
3 and 4. 

0104. In the above example, the clipping planes, CLNR, 
CLNL, CLFR, and CLFL, are set for the right and left 
cameras, respectively, but alternatively, a near clipping 
plane CLCN and a far clipping plane CLCF may be deter 
mined with respect to the imaginary camera (origin), as 
shown in FIG. 8(b) and these may be used common to the 
right and left cameras. 

0105. In the present embodiment, if there is an object 
lying in a region to be clipped away, Settings are made So 
that Such an object will not be included in the final images 
cutout for display. Alternatively, provisions may be made to 
gradually lower the contrast of the object or decrease the 
color intensity of the object as the object approaches a region 
to be clipped away. In this case, Since the object vanishes in 
a natural manner as it enters a region outside the viewer's 
binocular fusional range, unnaturalneSS can be greatly 
reduced in the Stereoscopic CG images output for display. 

0106 AS described above, according to the present 
embodiment, even when the camera parameters are fixed, by 
Setting Suitable clipping planes considering the viewer's 
binocular fusional range the final Stereoscopic CG images 
output for display can be brought within the viewer's 
binocular fusional range. 
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0107 (Embodiment 4) 
0108 FIG. 9 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a fourth embodiment of the present invention. In FIG. 9, 
reference numerals 1 and 2 are projection transformation 
Sections, 3 and 4 are rendering Sections, 6 is a camera 
parameter determining Section, 20 is a parallax map calcu 
lation Section, and 21" is a fusional region judging Section B; 
these Sections are the same as those used in the Stereoscopic 
CG image generating apparatus of the third embodiment. 

0109 The difference from the stereoscopic CG image 
generating apparatus of the third embodiment is that the 
clipping value determining Section 22 is replaced by a focus 
parameter determining Section 23 and a fog effect parameter 
determining Section 24, these parameters being controlled in 
accordance with the amount of binocular parallax of the 
object concerned. The focus parameter determining Section 
23 and the fog effect parameter determining Section 24 
together constitute a specific image processing Section. 

0110. The operation of the stereoscopic CG image gen 
erating apparatus having the above configuration will be 
described below. First, the camera parameter determining 
Section 6 determines the camera parameters (We, dx, f) for 
the projection transformation Sections 1 and 2 in the same 
manner as in the foregoing third embodiment. 
0111 While checking the output images produced on the 
Stereoscopic image display device connected to the render 
ing Sections 3 and 4, the CG operator arranges the object and 
the imaginary camera at appropriate positions in the World 
coordinate System as he desires, thus determining its direc 
tion. 

0112 After that, the projection transformation sections 1 
and 2 convert the three-dimensional Structural information 
into imageS projected on a two-dimensional Screen, and the 
resulting images are fed to the rendering Sections 3 and 4 
which then generate CG images. 

0113. Next, from the outputs of the rendering sections 3 
and 4 and the three-dimensional Structural information, the 
parallax map calculation Section 20 calculates a parallax 
map at each point of the projection-converted imageS. Based 
on the parallax map, the fusional region judging Section B 
211 calculates the effective pixel count of the region on the 
Screen that lies within the binocular fusional range of the 
Viewer viewing the Stereoscopic CG images, and while 
Successively changing the camera parameters We, f, and dx, 
calculates the effective pixel count on the basis of the output 
of the parallax map calculation Section 20. The fusional 
region judging Section B 21" has a database defining rela 
tionships between Screen size and fusional range, and cal 
culates the effective pixel count by referencing this database. 

0114) Next, the camera parameter determining section 6 
computes the parameters We, f, and dx that provides the 
largest effective pixel count of all the combinations of the 
parameters We, f, and dx for which the effective pixel count 
has been calculated. The thus computed parameters, We, f, 
and dx, are Supplied to the projection transformation Sec 
tions 1 and 2. 

0115 Using the parameters thus supplied, the projection 
transformation Sections 1 and 2 and the rendering Sections 3 
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and 4 compute final Stereoscopic CG images. Once the 
camera parameters have been determined, their values are 
fixed. 

0116. In some cases, the rendering sections 3 and 4 
introduce deliberate distortions, Such as defocusing or fog 
ging distant objects, to express the perspective effect when 
generating final CG images. 
0117 The focus parameter determining section 23 and 
the fog effect parameter determining Section 24 determine 
the degrees of defocusing and fogging on the basis of the 
parallax map and the viewer's binocular fusional range. 
0118 For example, based on the output of the fusional 
region judging Section B 21, the focus parameter determin 
ing Section 23 calculates those regions in the World coordi 
nate System where the viewer cannot achieve binocular 
fusion. More Specifically, three-dimensional coordinate 
positions that do not satisfy either Mathematical 1 or Math 
ematical 2 or both are calculated. 

0119 When rendering objects lying within such regions 
in the rendering Sections 3 and 4, the focus parameter 
determining Section 23 outputs Such a focus parameter as to 
give the output image a defocused and unclear appearance. 
0120) If this effect is applied gradually increasingly as the 
image nears a limit of the viewer's binocular fusional range, 
a more natural defocusing effect can be given to the image. 
0121 To achieve the defocusing effect, a camera out-of 
focus condition may be simulated using traditional CG 
techniques Such as ray tracing, or Spatial filtering (e.g., 
low-pass filtering) may be applied to the generated CG 
images. There is also a technique in which, while Succes 
Sively changing the position of the object by Small amounts 
according to the degree of defocusing, the same object is 
written a number of times to the same image memory, 
thereby blurring the edgeS. If the movement in changing the 
position of the object is made proportional to the distance 
from the camera focused plane, an out-of-focus effect can be 
achieved. (In the present embodiment, the movement should 
be made proportional to the distance from a limit of the 
viewer's binocular fusional range.) 
0122) In this way, defocusing is applied to objects for 
which the viewer cannot achieve binocular fusion. This has 
the effect of reducing the unnaturalneSS arising when bin 
ocular fusion cannot be achieved. 

0123. Similarly, based on the output of the fusional 
region judging Section B 21, the fog effect parameter 
determining Section 24 calculates those regions in the World 
coordinate System where the viewer cannot achieve binocu 
lar fusion (especially, Such regions where the far point 
condition expressed by Mathematical 2 does not hold). The 
fog effect parameter determining Section 24 controls the fog 
effect parameter So that an effect is given that makes these 
regions appear as if Shrouded in fog when the rendering 
Sections 3 and 4 render objects lying in these regions. 
0.124. If the fog is made to become thicker as the image 
nears a limit of the Viewer's binocular fusional range, the 
Scene described in the CG images can be made to look more 
natural with distant regions appearing as if hidden behind 
the fog. 
0.125. In this way, by applying the fog effect when the 
binocular parallax is So large that binocular fusion cannot be 
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achieved, as in the case of distant objects, the unnatural feel 
that the viewer may have due to an inability to achieve 
binocular fusion can be alleviated. 

0126. In a specific method of producing a fog effect in 
rendering objects, a fog coefficient f (0.0 to 1.0) that 
decreases with increasing distance, for example, is consid 
ered. Here, f=1 means no fog, and when f=0, the image 
appears completely washed out. 
0127. The degree of this effect can be defined by Math 
ematical 5, Mathematical 6, etc., where Z denotes the 
distance from the camera. 

0128 Mathematical 5 
f-(far-Z)/far-near 

0129 Mathematical 6) 
f-exp(-density x 2)" 

0130 Here, far and near respectively indicate the farthest 
point and the nearest point from the camera in the generated 
CG image, and density means the density of the fog. 
Rendering color is calculated by Mathematical 7. 
0131 Mathematical 7 

C=fxC+(1-f)xC 

0132 Here, Co is the color of the rendered object, and Cf 
is the color of the fog. The fog effect parameter determining 
Section 24 Sets the coefficient f=1 when the image is inside 
the viewer's binocular fusional range, and Smoothly changes 
f down to 0 as the image nears a limit of the binocular 
fusional range and exceeds the limit. 
0133. In this way, the rendering sections 3 and 4 generate 
imageS Such that distant objects outside the binocular 
fusional range appear as if Shrouded in fog, thereby reducing 
the unnaturalneSS arising when the binocular fusional range 
is exceeded. 

0134. As described above, according to the present 
embodiment, if objects are displayed having Such binocular 
parallax that binocular fusion cannot be achieved, Since 
fogging is applied to distant objects and defocusing is 
applied to near and distant objects, the ill effect is reduced 
and easy-to-view Stereoscopic CG images can be generated. 

0135) (Embodiment 5) 
0.136 FIG. 13 is a diagram showing the configuration of 
a Stereoscopic CG image generating apparatus according to 
a fifth embodiment of the present invention. In FIG. 13, 
reference numerals 1 and 2 are projection transformation 
Sections, 3 and 4 are rendering Sections, 6 is a camera 
parameter determining Section, 12 is an operation Section, 11 
is a fusional range verification Section, 5 is a distance 
information extraction Section and 127 is a CG image 
generating Section; these Sections are the same as those used 
in the first embodiment. The difference from the first 
embodiment is the addition of the following Sections: a 
window information management Section 128, a window 
information management control Section 129, a mouse con 
dition detection Section 130, a display Screen size/dot count 
detection section 131, a window size detection section 132, 
a window generation/deletion detection Section 133, a win 
dow display position detection Section 134, a window focus 
change detection Section 135, a Video Signal converting 
Section 136, a Stereoscopic display Section 137, a mouse 
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138, a pair of glasses with liquid-crystal shutters 139, and a 
Viewing distance measuring means 140. 
0.137 The operation of the stereoscopic CG image gen 
erating apparatus having the above configuration will be 
described below. 

0.138. In the present embodiment, multiple kinds of ste 
reoScopic images are displayed simultaneously in different 
windows of different sizes on a computer Screen in a 
windowing environment which has recently become a pre 
dominant operating environment. On the other hand, in the 
first to fourth embodiments, the image display size was the 
Screen size of the display device itself. 
0.139. It is assumed here that, as shown in the stereo 
scopic display section 137 of FIG. 13, there are different 
windows, A, B, and C, on the same Screen, each showing a 
different Stereoscopic image. 
0140 Existing Stereoscopic display techniques can be 
used to display Stereoscopic imageS. In the present embodi 
ment, the So-called time-multiplexing Stereoscopic image 
display technique is used in which Stereoscopic images 
converted by the Video Signal converting Section 136 into 
Video signals are input to the Stereoscopic display Section 
137 and the viewer views the Stereoscopic images through 
the liquid-crystal shutter glasses 139. More specifically, the 
Video signal converting Section 136 Supplies the R and L 
Video signals alternately, that is, first R, then L, then R, then 
L., and So on, in time multiplexing for display on the 
Stereoscopic display Section 137, when the right-eye image 
is displayed, the right-eye glass of the liquid-crystal shutter 
glasses 139 admits light and the left-eye glass blockS light, 
and when the left-eye image is displayed, the situation is 
reversed. In this way, the right-eye and-left-eye images can 
be presented independently to the right eye and left eye of 
the viewer. Any other existing Stereoscopic image display 
technique (Such as using polarizers or lenticular lenses) may 
be employed. Usually, the viewer is allowed to resize the 
windows A, B, and C as he desires by using the mouse 138. 
0141 When the display screen size of stereoscopic 
images changes as a result of a change in window Size, the 
Viewer's binocular fusional range also changes. FIG. 22 
shows the relationship between the Screen size (viewing 
angle) for displaying Stereoscopic images and the maximum 
fusional parallax (expressed in angles, unit being arc min). 
It is shown that the allowable binocular fusional range 
changes as the display Screen size changes. A larger Screen 
Size provides a larger fusional range. Accordingly, when the 
window Size is reduced while the window is displaying the 
Same Stereoscopic image, the resulting parallax may exceed 
the binocular fusional range; therefore, the sizes of all the 
windows must be monitored constantly, and the camera 
parameters must always be determined accordingly. More 
Specifically, information about the window operated by the 
Viewer using the mouse is detected by the window infor 
mation management control Section 129, and based on the 
detected information, the Screen sizes of all the windows 
currently displayed are Supplied to the fusional range veri 
fication Section 11. In operation, the windows currently 
displayed are managed by the window generation/deletion 
detection section 133, and the size of each individual win 
dow is determined by the window display position detection 
section 134, window size detection section 132, and display 
Screen size/dot count detection Section 131. More specifi 
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cally, the size of each window actually displayed (in inches, 
centimeters, etc.) is calculated from the display Screen size 
(in inches), the horizontal and vertical dot counts of the 
display (these can be computed by detecting Synchronization 
frequencies), and the size of the window (dot count), and the 
thus calculated window Size is Supplied to the fusional range 
Verification Section 11. The Screen size, for example, can be 
obtained by having the window information management 
section 128 control the video signal converting section 136 
and the number of dots displayed on the Stereoscopic display 
Section 137. 

0142. The remainder of the process is the same as that 
described in the first embodiment. That is, the distance 
information obtained from the three-dimensional Structural 
information is detected by the distance information extrac 
tion Section 5, and using this distance information and the 
distance, ds, between viewer and display Surface measured 
by the Viewing distance measuring means 140, the camera 
parameters are calculated by Mathematical 1 and Math 
ematical 2. The camera parameters are Supplied to the 
projection transformation Sections 1 and 2, and the right-eye 
and left-eye imageS, R and L, are calculated by the rendering 
Sections 3 and 4, respectively. This processing is performed 
Separately for each of the Stereoscopic display windows 
detected by the window information management Section 
128. 

0143 AS described above, in a display system having a 
windowing environment for displaying a plurality of Stereo 
Scopic images, the window information management Section 
128 Supervises the Size of each window, and the camera 
parameters are controlled, and hence the parallax is con 
trolled, So that the Stereoscopic image displayed in each 
window comes within the viewer's binocular fusional range. 
In this way, easy-to-view, natural-looking imageS can be 
presented. 

0144. In the fifth embodiment, using the output of the 
window focus change detection Section 135, the camera 
parameters may be changed only for the window Specified 
by the viewer's mouse operation So that only the Stereo 
Scopic image displayed in the viewer's attention window is 
controlled within the binocular fusional range. In this way, 
the operational efficiency of the present invention can be 
enhanced. 

0145. In any of the first to fourth embodiments, the 
Viewing distance between the viewer and the display Screen 
may be measured using the Viewing distance measuring 
means 140 shown in the fifth embodiment. 

0146 AS described so far, according to the present inven 
tion, the distance information between the camera and object 
and the magnitude of parallax of generated Stereoscopic CG 
images displayed on the display device are calculated from 
the display size and the viewing distance, and based on 
which proper camera parameters (focal length or field of 
View, camera Spacing, and converging point) are determined. 
In this way, easy-to-view Stereoscopic CG images can be 
obtained automatically. 

0147 The first to fifth embodiments have been described 
using binocular Stereoscopic images, but this is not restric 
tive. For multinocular Stereoscopic images also, if the same 
techniques as described above are applied to determine the 
camera parameters for all pairs of imageS presented to the 
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left and right eyes of the viewer, multinocular Stereoscopic 
CG images can be generated easily. 
0.148. In the first to fifth embodiments, the camera param 
eters have been determined So as to bring the Stereoscopic 
CG images within the viewer's binocular fusional range for 
the entire Screen generated. However, in the case of a Scene 
that forces the viewer to focus his attention on a particular 
object on the Screen, for example, other regions than the 
attention object may be set So that binocular fusion cannot 
be achieved for Such regions. In Such cases, the CG operator 
can easily Set Such regions on the output Screen that need not 
be brought within the viewer's binocular fusional range So 
that data from these regions are not used in determining the 
camera parameterS. 

0149. In the first to fifth embodiments, stereoscopic 
imageS for the left and right eyes are obtained by CG, but 
any of the embodiments is also applicable for real images 
shot by a Stereoscopic camera. In that case, the focal length 
f of the plurality of cameras, the camera spacing We, the 
camera-to-converging point distance dx (the distance from 
the point of interSection between the optic axes of the 
cameras to the centerpoint between the plurality of cameras) 
can be directly used as the camera parameters for the actual 
camera. In this case, however, the variable M in Mathemati 
cal 1 and Mathematical 2 is not the Screen size, but the ratio 
between the Size of the light-receiving Surface of the cam 
era's imaging device and the Size of the Screen where 
Stereoscopic images are actually displayed. 

0150. In the fourth embodiment, both the focus parameter 
determining Section 23 and the fog effect parameter deter 
mining Section 24 have been provided, but only one or other 
of the two may be provided. 
0151. In any of the first to fifth embodiments, the camera 
parameters have been determined So as to bring the Stereo 
Scopic CG images within the Viewer's binocular fusional 
range for the entire Screen generated, but this is not restric 
tive. Rather, provisions may be made So that the CG operator 
can Set Such regions on the output Screen that need not be 
brought within the viewer's binocular fusional range, and So 
that data from these regions are not used in determining the 
camera parameterS. 

0152. In any of the first to fifth embodiments, processing 
Sections, Such as the distance information extraction Section 
and the fusional range verification Section, have each been 
implemented using dedicated hardware, but instead, the 
Same functions may be implemented in Software using a 
computer. 

0153 (Embodiment 6) 
0154 FIG. 14 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to a sixth embodi 
ment of the present invention. In FIG. 14, A1 and A2 are 
CRTs, A3 and A4 are linear polarizers, A5 is a half-silvered 
mirror, A6 is a pair of glasses formed from polarizing filter, 
A7 is a viewer, A8 is a parallax calculation section, A9 is a 
resolution discrimination Section, A10 is an optimum par 
allax determining Section, A11 is a basic Synchronization 
timing generating Section, A12a and A12b are Synchroniza 
tion Sections, A13a and A13b are parallax control Sections, 
A14a and A14b are RGB separation sections, A15a and 
A15b are CRT driving sections, and A16 is a viewing 
distance measuring Section. 
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O155 The operation of the stereoscopic TV apparatus 
having the above configuration will be described below. 
First, a right-eye image signal is applied to the resolution 
discrimination Section A9, the Synchronization Section 
A12a, and the parallax calculation Section A8. 
0156 The resolution discrimination section A9 detects 
the horizontal and vertical frequencies of the input image 
Signal and discriminates the resolution of the input image. 
The basic Synchronization timing generating Section A11 
generates Synchronization timing data matching the detected 
horizontal and Vertical frequencies of the input image, and 
Supplies the data to the Synchronization Sections A12a and 
A12b, which are thus Synchronized to the input image Signal 
and generate Synchronization timing necessary for Subse 
quent processing. 
O157. From the right-eye and left-eye image signals, the 
parallax calculation Section A8 calculates depth information 
(this is defined as a parallax map) at each point of the input 
image. A variety of methods are proposed for parallax map 
calculation. A block matching method that involves corre 
lation computation will be described below. 
0158. In FIG. 15, consider left-eye and right-eye images 
each of NXM size. In the left-eye image, consider a block 
window of nxn pixels (3x3 pixels in the figure). The same 
image as shown in this block window is located in the 
right-eye image by using a window of the same size. At this 
time, the displacement between the left and right blockS is 
represented by a vector (AX, Ay), whose horizontal compo 
nent AX indicates the binocular parallax of the left-eye and 
right-eye images at the center coordinates of the block 
windows. 

0159. By horizontally shifting the block window position 
in the reference left-eye image in Sequence acroSS the entire 
Screen, and by finding the corresponding block position 
(representing the binocular parallax) in the right-eye image 
for each shifted block position, a parallax map (showing 
depthwise distance at each position on the Screen) can be 
obtained for the entire screen. The displacement between the 
left-eye and right-eye images at coordinates (x, y), that is, 
the binocular parallax (AX, Ay), can be expressed as 
0160 Mathematical 8 

AX=i, 

0161 for Min{Corr(i,j)} 
0162 where 
0163 Mathematical 9 
0164 Corr (i,j) 

Mathematical 9 

0.165. In Mathematical 9, X means taking the sum of the 
absolute values by varying the coordinates xk, yk within the 
block window of nxn. GR(xk, yk) and GL(xk, yk) represent 
luminance values at coordinates (xk, yk) in the right-eye and 
left-eye images, respectively. 
0166 In the binocular parallax AX, Ay, the component 
that directly indicates the depthwise position is AX. When 
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the value of the binocular parallax is positive, the right-eye 
image is positioned to the right and the left-eye image to the 
left of the reference image, and the object lies behind the 
depthwise position where binocular parallax is 0; on the 
other hand, when the value of the binocular parallax is 
negative, this means that the object is positioned in front of 
the depthwise position where binocular parallax is 0. 
0.167 From the parallax map obtained in the above 
manner, the parallax calculation Section A8 outputs, for 
example, the largest value (the binocular parallax of the 
farthest object). Instead of Simply extracting the maximum 
value of the binocular parallax, Spatial low-pass filtering 
may be applied, or a plurality of extraction regions may be 
preset and calculations may be made using a Statistical 
technique. 
0168 Next, the optimum parallax determining section 
A10 determines the amount of horizontal translation of the 
left-eye and right-eye images So that the viewer of the 
Stereoscopic TV can fuse the displayed Stereoscopic images. 
This translation amount is determined on the basis of the 
output of the resolution discrimination section A9 (the result 
obtained by judging the image resolution and aspect ratio 
based on the kind of input image signal detected), the image 
display size (in this case, CRT diagonal size expressed in 
inches), the output of the parallax calculation Section A8 (the 
parallax map), and the distance between viewer and display 
Surface measured by the Viewing distance measuring Section 
A16. 

0169. The optimum parallax determining section A10 has 
a database defining relationships between display Screen size 
and viewer's fusional limits, and by referencing this data 
base, determines the amount of horizontal translation So that 
the viewer can achieve binocular fusion. 

0170 The method of determining this will be described 
in further detail. Denoting the largest binocular parallax 
output from the parallax calculation Section A8 by A (dots), 
the horizontal dot count of the input image Signal detected 
by the resolution discrimination section A9 by DH, the 
horizontal length of the display CRTS A1 and A2 by L, and 
the viewer's viewing distance measured by the viewing 
distance measuring Section A16 by ds, the largest parallax 
Dm on the screen is given by Mathematical 10). 
0171 Mathematical 10 

0172 The left-eye and right-eye images are translated 
horizontally So that Dm becomes almost equal to the View 
er's binocular parallel condition or provides a Smaller angle 
than this. For example, to make the maximum value of the 
binocular parallax coincide with the viewer's binocular 
parallel condition, the amount of horizontal translation, Dc, 
is given by Mathematical 11). 
0173 Mathematical 11 

Dc=D-We 

0.174. Here, we is the interpupillary distance of the 
Viewer, which, in practice, is adjusted by shifting the left-eye 
and right-eye images in opposite directions horizontally by 
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Dc/2. The amount of translation, Dc, may be adjusted, as 
necessary, based on the result derived from the above 
equation. 

0175) Further, in Mathematical 10, if the smallest bin 
ocular parallax (the largest parallax when displaying the 
object in the foreground on the Screen) is set as A, then the 
optimum parallax determining Section A10 determines the 
amount of horizontal translation of the Screen So that Dm 
becomes Smaller than the viewer's largest fusional parallax 
(which varies depending on the Screen size). 
0176 Based on the thus obtained amount of horizontal 
translation, Dc, the parallax control sections A13a and A13b 
move the right-eye and left-eye images in opposite direc 
tions horizontally by Dc/2. Then, the image Signals are 
separated by the RGB separation sections A14a and A14b 
into the R, G, and B signals, which are supplied to the CRTS 
A1 and A2 via the CRT driving sections A15a and A15b. 
The images displayed on the CRTS A1 and A2 are linearly 
polarized by the respective polarizers A3 and A4 oriented at 
right angles to each other, and the polarized images are 
combined by the half-silvered mirror A5. By wearing the 
polarizing glasses A6 with their planes of linear polarization 
oriented in directions corresponding to the polarizers A3 and 
A4, the viewer A7 can view the left-eye image with his left 
eye and the right-eye image with his right eye, thus achiev 
ing Stereoscopic vision. 
0177 As described above, according to the present 
embodiment, by discriminating the kind of input image 
Signal and computing the size of the display Screen, the 
Viewer can alwayS View natural-looking Stereoscopic images 
displayed with optimum binocular parallax. 

0178 (Embodiment 7) 
0179 FIG. 16 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to a Seventh embodi 
ment of the present invention. In FIG. 16, A1 is a CRT, A18 
is a pair of liquid-crystal shutter glasses, A7 is a viewer, A8 
is a parallax calculation Section, A9 is a resolution discrimi 
nation Section, A10 is an optimum parallax determining 
Section, A11 is a basic Synchronization timing generating 
Section, A12 is a Synchronization Section, A13 is a parallax 
control section, A14 is an RGB separation section, A75 is a 
CRT driving Section, A16 is a viewing distance measuring 
Section, and A17 is a liquid-crystal Shutter Switching pulse 
generating Section. 
0180. This configuration is an adaptation of the stereo 
scopic TV apparatus of the sixth embodiment for use with a 
field Sequential Stereoscopic image Signal. 

0181. The operation of the stereoscopic TV apparatus 
having the above configuration will be described below. The 
basic operation is the same as the Sixth embodiment, but 
Since the left-eye and right-eye images are time-multiplexed 
on one Stereoscopic image Signal and are input alternately 
with each other, as shown in FIG. 17, the following pro 
cessing becomes necessary. 
0182 That is, the liquid-crystal shutter Switching pulse 
generating Section A17 outputs the liquid-crystal shutter 
control signal shown in FIG. 17, in response to which the 
left-eye Shutter in the liquid-crystal Shutter glasses A18 is 
opened to admit light when the right-eye shutter is closed to 
block light, and Vice versa. 
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0183 First, the right-eye image signal is input to the 
resolution discrimination Section A9, the Synchronization 
Section A12, and the parallax calculation Section A8. The 
resolution discrimination section A9 detects the horizontal 
and Vertical frequencies of the input image Signal and 
discriminates the resolution of the input image. The basic 
Synchronization timing generating Section A11 outputs Syn 
chronization timing data matching the detected horizontal 
and Vertical frequencies of the input image, and the Syn 
chronization Section A12 is Synchronized to the timing of the 
image Signal. 

0.184 The parallax calculation section A8 calculates the 
parallax map of the input image from the right-eye and 
left-eye image Signals input alternately by time multiplex 
ing. The calculation of the parallax map can be made in 
exactly the same manner as in the Sixth embodiment. 
0185. Then, the parallax calculation section A8 outputs, 
for example, the binocular parallax of the most distant object 
among the binocular parallaxes obtained at the respective 
points of the image. At this time, in calculating the binocular 
parallaxes, Spatial low-pass filtering may be applied, or a 
plurality of extraction regions may be preset and calcula 
tions may be made using a Statistical technique. 

0186 Next, based on the output of the resolution dis 
crimination Section A9, the image display size, the output of 
the parallax calculation Section A8, and the distance between 
Viewer and display Surface, the optimum parallax determin 
ing Section A10 determines the amount of horizontal trans 
lation of the left-eye and right-eye images so that the 
Stereoscopic images displayed can be fused with both eyes. 

0187. The method of determining the translation amount 
is exactly the same as that described in the Sixth embodi 
ment. That is, denoting the largest binocular parallax output 
from the parallax calculation section A8 by A (dots), the 
horizontal dot count of the input image Signal detected by 
the resolution discrimination section A9 by DH, the hori 
Zontal length of the display CRT A1 by L, and the viewer's 
Viewing distance measured by the Viewing distance measur 
ing Section A16 by ds, the largest parallax Dm on the Screen 
is given by Mathematical 10). To make the maximum value 
of the binocular parallax coincide with the viewer's binocu 
lar parallel condition, the amount of horizontal translation, 
Dc, is given by Mathematical 11). However, the amount of 
translation, Dc, may be adjusted, as necessary, based on the 
result derived from this equation. 

0188 Further, in Mathematical 10, if the smallest bin 
ocular parallax (the largest parallax when displaying the 
object in the foreground on the Screen) is set as A, then the 
optimum parallax determining Section A10 determines the 
amount of horizontal translation of the Screen So that Dm 
becomes Smaller than the viewer's largest fusional parallax 
(which varies depending on the Screen size). 
0189 Based on the thus obtained amount of horizontal 
translation, Dc, the parallax control Section A13 move the 
right-eye and left-eye images in opposite directions hori 
Zontally by Dc/2. At this time, Since the left-eye and right 
eye signals are input as a time-multiplexed Stereoscopic 
image Signal, the Screen display is Switched between the 
left-eye and right-eye imageS. Therefore, the amount of 
horizontal translation of the image is Switched from +Dc/2 
to -Dc/2 or vice versa between fields. 
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0190. The image signal is then separated by the RGB 
Separation Section A14 into the R, G, and B Signals, which 
are supplied to the CRTA1 via the CRT driving section A15. 
The Stereoscopic images displayed on the CRT A1, alter 
nating between the left-eye and right-eye images, are pre 
Sented independently to the respective eyes of the viewer 
wearing the liquid-crystal shutter glasses A18. 
0191 AS described above, according to the present 
embodiment, even when the input image Signal is a time 
multiplexed Stereoscopic image Signal, the viewer can 
alwayS View natural-looking Stereoscopic images displayed 
with optimum binocular parallax. 

0192 (Embodiment 8) 
0193 FIG. 21 is a diagram showing the configuration of 
a Stereoscopic TV apparatus according to an eighth embodi 
ment of the present invention. In FIG. 21, A1 and A2 are 
CRTs, A3 and A4 are linear polarizers, A5 is a half-silvered 
mirror, A6 is a pair of glasses formed from polarizing filter, 
A7 is a viewer, A8 is a parallax calculation section, A9 is a 
resolution discrimination Section, A10 is an optimum par 
allax determining Section, A11 is a basic Synchronization 
timing generating Section, A12a and A12b are Synchroniza 
tion Sections, A13a and A13b are parallax control Sections, 
A14a and A14b are RGB separation sections, A15a and 
A15b are CRT driving sections, and A16 is a viewing 
distance measuring Section; these Sections are the same as 
those used in the sixth embodiment. 

0194 The difference from the sixth embodiment is the 
addition of the following Sections: a window information 
management Section A27, a window information manage 
ment control Section A26, a mouse condition detection 
Section A25, a window Size detection Section A22, a window 
generation/deletion detection Section A23, a window focus 
change detection Section A24, and a mouse A28. 
0.195 The operation of the stereoscopic TV apparatus 
having the above configuration will be described below. 

0196. In the sixth and seventh embodiments, the image 
display size was the Screen size of the display apparatus 
itself regardless of the Synchronization frequency of the 
input Video signal. On the other hand, in the present embodi 
ment, multiple kinds of Stereoscopic images are displayed 
Simultaneously in different windows on a computer Screen in 
a windowing environment which has recently become a 
predominant operating environment. And parallax is con 
trolled in response to Such conditions that viewer changes 
the size of the window by using a mouse. 
0197) It is assumed here that a plurality of windows are 
displayed on the screen of each of the CRTS A1 and A2 of 
FIG. 21, and that Stereoscopic images are displayed in one 
of the windows. 

0198 Usually, the viewer is allowed to resize each win 
dow as he desires by using the mouse A28. When the size of 
the Stereoscopic images changes as a result of a change in 
window Size, not only the parallax of the displayed Stereo 
Scopic images but the viewer's binocular fusional range also 
changes. Therefore, the window Size must be monitored 
constantly, and the parallax must always be controlled 
accordingly. More Specifically, information about the win 
dow operated by the viewer using the mouse is detected by 
the window information management control Section A26. 
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0199 The window information management control sec 
tion A26 manages the currently displayed windows by the 
window generation/deletion detection Section A23, and the 
size of each individual window is detected by the window 
Size detection Section A22. Data representing the size of the 
applicable window is output to the optimum parallax deter 
mining Section A10. 
0200. The optimum parallax determining section A10 
obtains the horizontal and vertical dot counts of the display 
Screen and the size of each window (dot count) from the 
outputs of the resolution discrimination section A9 and the 
window Size detection Section A22, and based on the thus 
obtained information and on the information about the size 
of the entire image display area (CRT diagonal size in 
inches), calculates the size of each window actually dis 
played (in inches, centimeters, etc.). 
0201 The remainder of the process is the same as that 
described in the sixth embodiment. That is, from the right 
eye and left-eye image Signals, the parallax calculation 
Section A8 calculates depth information at each point of the 
input image, and outputs a maximum or minimum value, for 
example. 
0202 Next, the optimum parallax determining section 
A10 obtains the actual size of the display window from the 
output of the resolution discrimination section A9 (the result 
obtained by judging the image resolution and aspect ratio 
based on the kind of input image Signal detected), the entire 
image display size (in this case, CRT diagonal size 
expressed in inches), and the display window size (dot 
count) output from the window information management 
Section A27, and determines the amount of horizontal trans 
lation of the left-eye and right-eye images So that the viewer 
of the Stereoscopic TV can fuse the displayed Stereoscopic 
images. This translation amount is determined, by using 
Mathematical 10 and Mathematical 11, on the basis of the 
output of the parallax calculation Section AS (the parallax 
map) and the distance between viewer and display Surface 
measured by the viewing distance measuring Section A16. 
0203 Based on the thus obtained amount of horizontal 
translation, the parallax control Section A1a and A13b move 
the right-eye and left-eye images in opposite directions 
horizontally So that the displayed images will come within 
the viewer's binocular fusional range. Then, the image 
Signals are separated by the RGB Separation Sections A14a 
and A14b into the R, G, and B Signals, which are passed 
through the window information management control Sec 
tion A26 and are output to the CRTS A1 and A2, via the CRT 
driving sections A15a and A15b, for display in the desig 
nated window on the display Screen. 
0204. When processing the input image signals for dis 
play in a plurality of windows of different sizes, the amount 
of horizontal translation described above should be calcu 
lated independently for each window. Further, when there 
are different image Signals for display in different windows 
of respectively determined sizes, the processing should also 
be performed independently for each window. 
0205 When the viewer has changed the size of a window 
by using the mouse A28, the window Size detection Section 
A22 detects a change in the window size, upon which the 
optimum parallax determining Section A10 calculates the 
amount of horizontal translation of the left-eye and right-eye 
images, and the result is immediately reflected on the display 
SCCC. 
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0206 When displaying a plurality of stereoscopic images 
in a plurality of windows, provisions may be made So that 
the window Specified by the user using the mouse is detected 
as the viewer's attention window by using the window focus 
change detection Section A24, and the camera parameters are 
changed only for that window, thus controlling only the 
Stereoscopic image displayed in the viewer's attention win 
dow within the binocular fusional range. In this way, the 
operational efficiency of the present invention can be 
enhanced. 

0207 AS described above, in a display system having a 
windowing environment where there occur changes in win 
dow size, the Stereoscopic images displayed in each indi 
vidual window can be controlled within the viewer S bin 
ocular fusional range by monitoring the window Size using 
the window information management Section A27. 

0208. In the sixth, seventh, and eighth embodiments, the 
Viewing distance was measured using the viewing distance 
measuring Section A16, but alternatively, a fixed value may 
be used, Such as a recommended viewing distance obtained 
from the CRT size. 

0209. In the sixth, seventh, and eighth embodiments, the 
Viewing distance measuring Section A16 may be constructed 
to measure the viewing distances for a plurality of viewers 
and to output the average or weighted average of the 
measured valueS or the maximum or minimum value 
thereof, thus performing parallax control considering the 
viewing distances of all the viewers involved. Further, in an 
environment where a plurality of viewers are viewing dif 
ferent windows, if binocular parallax is controlled by inde 
pendently Setting a viewing distance for each window, 
optimum Stereoscopic images can be presented to each 
individual viewer. 

0210. In the sixth, seventh, and eighth embodiments, the 
optimum parallax determining Section A10 calculated the 
largest parallax Dm on the Screen by using the output of the 
parallax calculation Section A8, the output of the resolution 
discrimination section A9, the horizontal length L of the 
display CRTS A1 and A2, and the viewer's viewing distance 
dS measured by the viewing distance measuring Section A16. 
Depending on the kind of input image signal, however, the 
produced display may not use the entire area of the CRT 
Screen. To address this, the resolution discrimination Section 
A9 may be provided with a database defining relationships 
between the kind of input image signal (HDTV, NTSC, 
EDTV, computer-generated images, etc.) and display Screen 
size, and may be constructed to be able to correctly recog 
nize the magnitude of displayed binocular parallax accord 
ing to the kind of input image Signal. 

0211. In the sixth, seventh, and eighth embodiments, the 
parallax calculation Section A8 was described as outputting 
the maximum value of the binocular parallax, but instead, 
the minimum value may be used So that the parallax of the 
nearest object appearing floating above the Screen can be 
brought within the viewer's binocular fusional range. In this 
case, however, Since the magnitude of the allowable bin 
ocular parallax changes as a function of the viewing distance 
and Screen size, a database defining the values of allowable 
binocular parallaxes must be provided. 

0212. The sixth, seventh, and eighth embodiments have 
been described as using multisync monitors, but in the case 
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of a monitor Specifically designed for use with a fixed 
frequency image Signal, the resolution discrimination Sec 
tion need not be provided, and a fixed value may be used in 
the product Specification. 

0213 Further, typical screen sizes, such as % or /3 of the 
full Screen size, may be predefined by fixed values. 
0214. In the sixth, seventh, and eighth embodiments, the 
parallax control Section A13 may be constructed to operate 
whenever the amount of translation, Dc, is calculated, or to 
operate only at the Start of the apparatus operation and when 
there occurs a significant change in the binocular parallax of 
the input image. 

0215. In the sixth, seventh, and eighth embodiments, 
provisions may be made So that the viewer enters adjustment 
commands using pushbutton Switches or a remote controller 
only when he desires to adjust binocular parallax. 
0216) In the seventh embodiment, a time multiplexing 
System requiring the use of liquid-crystal shutters was used 
to produce a final Stereoscopic image display, but it will be 
recognized that any other Stereoscopic display method may 
be used, Such as a parallax barrier method and a lenticular 
lens method that does not require glasses. 
0217 AS is apparent from the descriptions So far given, 
Since Stereoscopic images are generated, or left-eye and 
right-eye images are automatically moved horizontally prior 
to image presentation, by considering the display Screen size 
of the Stereoscopic TV apparatus, the resolution (frequency) 
of the input image Signal, and the window size, the present 
invention has the advantage of being able to generate and 
present Stereoscopic images looking natural and easy to 
view for the viewer. 

What is claimed is: 
1. A Stereoscopic CG image generating apparatus com 

prising: 

a projection transformation Section for, based on three 
dimensional Structural information describing a three 
dimensional shape of an object, generating a plurality 
of two-dimensional projection imageS as viewed from 
a plurality of cameras, 

a distance information extraction Section for generating a 
distance between Said object and Said cameras, 

fusional range computing means for computing a binocu 
lar fusional range of a viewer viewing a Screen of a 
Stereoscopic image display device for displaying a 
Stereoscopic image of Said object, on the basis of 
pre-entered parameters consisting at least of the size of 
Said Screen and a viewing distance between Said Screen 
and Said viewer; 

camera parameter calculating means for calculating con 
ditions for parameters of Said cameras, based on Said 
binocular fusional range and on the output of Said 
distance information extraction Section, So that Said 
object in its entirety can be brought within the binocu 
lar fusional range of Said viewer; and 

a camera parameter determining Section for a CG operator 
to determine Said camera parameters from an output of 
Said camera parameter calculating means, 
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whereby Said projection transformation Section generates 
Said plurality of two-dimensional projection images by 
using Said determined camera parameters. 

2. A Stereoscopic CG image generating apparatus accord 
ing to claim 1, wherein Said distance information extraction 
Section extracts from Said three-dimensional Structural infor 
mation the longest distance or shortest distance between said 
cameras and Said object. 

3. A Stereoscopic CG image generating apparatus accord 
ing to claim 2, wherein Said longest distance or shortest 
distance between Said cameras and Said object can be 
manually Set by Said CG operator as he desires. 

4. A Stereoscopic CG image generating apparatus accord 
ing to claim 2, wherein 

Said CG operator designates a specific region on a CG 
display Screen, and 

from the three-dimensional structural information within 
Said Specific region, Said distance information extrac 
tion Section extracts the longest distance or shortest 
distance between Said cameras and Said object. 

5. A Stereoscopic CG image generating apparatus com 
prising: 

a projection transformation Section for, based on three 
dimensional Structural information describing a three 
dimensional shape of an object, generating a plurality 
of two-dimensional projection imageS as viewed from 
a plurality of cameras, 

a rendering Section for generating a CG image from the 
output of Said projection transformation Section; 

a parallax map calculation Section for generating a dis 
tance image of an output image from the output of Said 
projection transformation Section or Said rendering 
Section and from Said three-dimensional Structural 
information; 

fusional range computing means for computing a binocu 
lar fusional range of a viewer viewing a Screen of a 
Stereoscopic image display device for displaying a 
Stereoscopic image of Said object, on the basis of 
pre-entered parameters consisting at least of the size of 
Said Screen and a viewing distance between Said Screen 
and Said viewer; 

pixel count calculating means for calculating, based on 
Said binocular fusional range and on the output of Said 
parallax map calculating means, the number of pixels 
or the number of vertices of polygons or the number of 
centerpoints of polygons in the Stereoscopic image 
lying within the binocular fusional range of Said 
Viewer; and 

a camera parameter determining Section for determining 
camera parameters, by using the output of Said pixel 
count calculating means, So that a region in the output 
image in which Said viewer can achieve binocular 
fusion becomes larger in area than a prescribed value; 

whereby Said projection transformation Section generates 
Said plurality of two-dimensional projection images by 
using Said determined camera parameters. 

6. A Stereoscopic CG image generating apparatus accord 
ing to claim 5, wherein 
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a CG operator designates a specific region on a display 
Screen, and 

Said pixel count calculating means calculates the number 
of pixels in a CG image lying within the binocular 
fusional range of Said viewer, on the basis of parallax 
information within Said Specific region, the Screen size 
of Said Stereoscopic image display device, and the 
Viewing distance between Said Screen and Said viewer. 

7. A Stereoscopic CG image generating apparatus accord 
ing to claim 6, wherein 

Said pixel count calculating means detects a region of a 
Subject in which Said viewer can achieve binocular 
fusion, and 

a specific image processing Section is included for apply 
ing Specific image processing to image portions outside 
the binocular fusible region detected by Said pixel 
count calculating means. 

8. A Stereoscopic CG image generating apparatus accord 
ing to claim 7, wherein Said Specific image processing 
Section includes a clipping value determining Section for 
determining the location of a clipping plane So that CG 
images lying in portions outside Said binocular fusible 
region will not be generated. 

9. A Stereoscopic CG image generating apparatus accord 
ing to claim 7, wherein Said Specific image processing 
Section includes a rendering Section for gradually changing 
an image contrast or transparency of the Subject over an area 
extending from a neighborhood of a binocular fusional limit 
of Said viewer into a region where the binocular fusion 
cannot be achieved. 

10. A Stereoscopic CG image generating apparatus 
according to claim 7, wherein Said Specific image processing 
Section includes a fog effect parameter determining Section 
for controlling the degree of a fog effect in Such a manner as 
to increase the fog effect as a binocular fusional limit of Said 
Viewer is exceeded. 

11. A Stereoscopic CG image generating apparatus 
according to claim 7, wherein Said Specific image processing 
Section includes a focus parameter determining Section for 
controlling the degree of a defocusing effect in Such a 
manner as to increase the defocusing effect as a binocular 
fusional limit of Said viewer is exceeded. 

12. For use in an windowing environment where one or 
more Stereoscopic CG images are displayed Simultaneously, 
a Stereoscopic CG image generating apparatus comprising: 

a projection transformation Section for, based on three 
dimensional Structural information describing a three 
dimensional shape of an object, generating a plurality 
of two-dimensional projection imageS as viewed from 
a plurality of cameras, 

a distance information extraction Section for generating a 
distance between Said object and Said cameras, 

a window information management Section for detecting 
the size of each individual window where a stereo 
Scopic image is displayed and information about a 
Video resolution or Synchronization frequency of a 
display Screen; 

a fusional range verification Section for calculating from 
the output of Said window information management 
Section the size of a window on a Stereoscopic image 
display device in which the two-dimensional projection 
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images of Said object are displayed as main images, and 
for calculating, from the size of Said window, the output 
of Said distance information extraction Section, and a 
Viewing distance of a viewer, camera parameters for 
each individual window in order to bring the Stereo 
Scopic CG images within a binocular fusional range of 
Said viewer; and 

a camera parameter determining Section for, by using the 
output of Said fusional range verification Section, deter 
mining camera parameters for Stereoscopic images to 
be displayed in each individual window; 

whereby Said projection transformation Section generates 
Said plurality of two-dimensional projection images by 
using Said determined camera parameters. 

13. A Stereoscopic CG image generating apparatus 
according to claim 12, wherein 

Said camera parameter determining Section changes, only 
when the viewer points Such window to be adjusted, 
only camera parameters of the Stereoscopic images 
corresponding to Said pointed widow. 

14. A Stereoscopic TV apparatus comprising: 

a parallax calculation Section for calculating binocular 
parallax from left-eye and right-eye images, and for 
calculating a maximum or minimum value of Said 
binocular parallax, 

a viewing distance measuring Section for measuring a 
Viewing distance of a Viewer, 

a resolution discrimination Section for discriminating the 
kind of an input image Signal by detecting a Synchro 
nization frequency of Said input image Signal; 

an optimum parallax determining Section for calculating 
the magnitude of binocular parallax of a displayed 
image from the output of Said parallax calculation 
Section, the output of Said viewing distance measuring 
Section, the output of Said resolution discrimination 
Section, and the Size of a display Screen, and for 
computing an amount of parallax change necessary to 
bring Said binocular parallax within a binocular 
fusional range of Said viewer; and 

a parallax control Section for, in accordance with the 
output of Said optimum parallax determining Section, 
translating the left-eye and right-eye images in hori 
Zontal directions So that Stereoscopic images will be 
displayed within the binocular fusional range of Said 
Viewer even if the Synchronization frequency of the 
input image frequency changes. 

15. In a System for Simultaneously displaying a plurality 
of Stereoscopic images in a windowing environment, a 
Stereoscopic TV apparatus comprising: 

a resolution discrimination Section for discriminating the 
kind of an input image Signal by detecting a Synchro 
nization frequency of Said input image Signal; 

a window information management Section for detecting 
the size of each individual window where a stereo 
Scopic image is displayed; 

a viewing distance measuring Section for measuring a 
Viewing distance of a viewer; 
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a parallax calculation Section for calculating binocular 
parallax from left-eye and right-eye images, and for 
calculating a maximum or minimum value of Said 
binocular parallax, 

an optimum parallax determining Section for calculating 
the actual size of each individual window from the 
output of Said resolution discrimination Section, the 
output of Said window information management Sec 
tion, and the Size of a display Screen, calculating the 
magnitude of binocular parallax of an image calculated 
from the size of said window, the output of said 
parallax calculation Section, and the output of Said 
Viewing distance measuring Section, and for computing 
an amount of parallax change necessary to bring Said 
binocular parallax within a binocular fusional range of 
Said viewer; and 

a parallax control Section for, in accordance with the 
output of Said optimum parallax determining Section, 
translating the left-eye and right-eye images in hori 
Zontal directions So that the Stereoscopic image dis 
played in each individual window will be brought 
within the binocular fusional range of Said viewer even 
if the size of each individual window or the synchro 
nization frequency of the input image frequency 
changes due to an operation by Said viewer. 

16. A Stereoscopic TV apparatus according to claim 14 
wherein Said viewing distance measuring Section outputs as 
Said viewing distance a recommended viewing distance for 
a Stereoscopic TV. 

17. A Stereoscopic TV apparatus according to claim 15, 
wherein Said viewing distance measuring Section outputs as 
Said viewing distance a recommended viewing distance for 
a Stereoscopic TV. 

18. A Stereoscopic TV apparatus according to claim 14 
wherein Said Viewing distance measuring Section measures 
Viewing distances of a plurality of viewers, and outputs as 
Said Viewing distance an average value or weighted average 
value of Said measured viewing distances or a maximum or 
minimum value thereof. 

19. A Stereoscopic TV apparatus according to claim 15, 
wherein Said Viewing distance measuring Section measures 
Viewing distances of a plurality of viewers, and outputs as 
Said Viewing distance an average value or weighted average 
value of Said measured viewing distances or a maximum or 
minimum value thereof. 

20. A Stereoscopic TV apparatus according to claim 14 
wherein Said parallax calculation Section outputs parallax as 
a predetermined fixed value. 

21. A Stereoscopic TV apparatus according to claim 15, 
wherein Said parallax calculation Section outputs parallax as 
a predetermined fixed value. 

22. A Stereoscopic TV apparatus according to claim 14 
wherein the output of Said resolution discrimination Section 
is Set as a fixed value by assuming that only one kind of 
image is input. 

23. A Stereoscopic TV apparatus according to claim 15, 
wherein the output of Said resolution discrimination Section 
is Set as a fixed value by assuming that only one kind of 
image is input. 

24. A Stereoscopic TV apparatus according to claim 14 
wherein Said resolution discrimination Section detects the 
kind of said input image signal among HDTV, EDTV and 
NTSC Signals and computer-generated image Signals of 
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various resolutions, and identifies the resolution and aspect 
ratio of the detected kind of input image Signal So that Said 
optimum parallax determining Section can recognize an 
image size which is viewed by an operator, on the display 
SCCC. 

25. A Stereoscopic TV apparatus according to claim 15, 
wherein Said resolution discrimination Section detects the 
kind of said input image signal among HDTV, EDTV and 
NTSC Signals and computer-generated image Signals of 
various resolutions, and identifies the resolution and aspect 
ratio of the detected kind of input image Signal So that Said 
optimum parallax determining Section can recognize an 
image size which is viewed by an operator, on the display 
SCCC. 

26. A Stereoscopic TV apparatus according to claim 14 
wherein Said parallax control Section translates the images in 
horizontal directions only when there occurs a significant 
change in the binocular parallax of the displayed images. 

27. A Stereoscopic TV apparatus according to claim 15, 
wherein Said parallax control Section translates the images in 
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horizontal directions only when there occurs a significant 
change in the binocular parallax of the displayed images. 

28. A Stereoscopic TV apparatus according to claim 14 
wherein Said parallax control Section translates the images in 
horizontal directions only when Said viewer desires to adjust 
the binocular parallax and inputs an instruction using an 
instruction means Such as a pushbutton Switch or a remote 
controller. 

29. A Stereoscopic TV apparatus according to claim 15, 
wherein Said parallax control Section translates the images in 
horizontal directions only when Said viewer desires to adjust 
the binocular parallax and inputs an instruction using an 
instruction means Such as a pushbutton Switch or a remote 
controller. 

30. A Stereoscopic TV apparatus according to claim 15, 
wherein Said parallax control Section translates the left-eye 
and right-eye images in horizontal directions only for a 
window designated by said viewer as a window for which 
Said viewer desires to adjust binocular parallax. 
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