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Composite Image Generating System, Overlaying Condition Determining Method,

Image Processing Apparatus, and Image Processing Program

[Technical Field]

The present invention relates to the technical field of a composite image generating
system, an overlaying condition determining method, an image processing apparatus, and an
image processing program which overlays an image of at least one virtual object on an image

of the real world, generating a composite image of the real world and the virtual object, and

realizing augmented reality.

[Background Art]

A technique of overlaying an image of a virtual object on an image of the real world
(or, an object which exists in a real space) to provide an image in which it looks as if the
virtual object existed in the real world to augment a real world, is called “Augmented Reality”
(hereinaﬂer, referred to as “AR”). (For Example, please see Patent Document Nos. 1 to 3
mentioned below.)

In such augmented reality, so that a position and an orientation of a virtual object
(several virtual objects can be overlaid and each can have an individual position and
orientation) as a overlaid image, a distance from a camera for capturing an image (a distance
from a view point of viewer), and the like (hereinafter, referred to as “overlaying condition™)
do not become unnatural, it is necessary that an overlaying location, a position and an
orientation (attitude) of the object to be overlaid, and the like, a distance from a camera, and

the like (hereinafter, simply referred to as “condition”) is exactly grasped, and an overlaying
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condition of an image of the virtual object is determined in correspondence with this
condition.

From such point of view, in case of prior art, a technique called a marker tracking has
been widely used. In such a technique, a marker (or more than one) which is a predetermined
figure, and the like printed on a board, paper, and the like is located at a location, an object,
and the like for which a condition need to be grasped, a captured image is analyzed, and a
position, and an orientation of marker, a distance from a camera, and the like are
discriminated, so that a condition of place, object, and the like is grasped indirectly.

[Patent Document No. 1] Japanese patent Laid-open No. 2004-213673
[Patent Document No. 2] Japanese patent Laid-open No. 2004-534963

[Patent Document No. 3] Japanese patent Laid-open No. 2005-507109

[Disclosure of the Invention]
[Problem to be solved by the Invention]

However, in a case where an image in which a marker is placed is image-captured, a
marker which is originally unnecessary from the position of the viewer is naturally displayed
in a captured image, resulting in a problem.

Further, iﬁ a case where a location or an object at which a marker is placed is not seen
as an image, but is seen directly with the naked eye, such marker is also obstructive.

Further, in a case, where a marker might be a sellable item, like a playing card for
playing AR-games, visible markers can easily be copied.

The present invention has been accomplisﬁed in consideration of the above problems,
and it is an example of the object of the invention to provide a composite image generating
system, an overlaying condition determining method, an image processing apparatus, and an

image processing program which are capable of preventing a marker added to an
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image-captured place, an object, and the like from being obstructive and to create a marker

which cannot easily be copied.

[Means for solving the Problem]

In order to solve the above problem, an embodiment according to one aspect relates to
a composite image generating system, comprising a camera apparatus and an image
processing apparatus, for overlaying a virtual image which is an image of at least one virtual
object on a real image which is an image of the real world to generate a composite image of
the real world and the virtual object,

wherein at least one mark which at least reflects or radiates invisible light of
predetermined wavelength other than visible light is added in a space of the real world,

the camera apparatus comprises image capturing means for capturing the real image in
which an invisible-light image may be discriminating, and

the image processing apparatus, comprises:

mark discriminating means for discriminating at least one condition of a position of an
image of the mark in the captured real image, an orientation of the mar_k, and a distance from
the mark to the image capturing means, and

an overlaying condition determining means for determining, in correspondence with
the discriminated condition, an overlaying condition which is at least one of an overlaying
position which is a position of the image of the virtual object overlaid on the captured real
image in the real image, an orientation of the virtual object which the image of the virtual

object indicates, and a distance from a view point of viewer, of the image of the virtual object.

In accordance with this invention, a mark which at least reflects or radiates invisible

light is added in a space of the real world,
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a camera apparatus captures the real image in which an invisible-light image may be
discriminating, and

an image processing apparatus discriminates at least one condition of a position of the
mark image in a real image, an orientation of the at least one mark, and a distance from the
image capturing means to the mark, and determines at least one overlaying condition of the
image of the at least one virtual object to be overlaid on the real image, in correspondence

with the discriminated condition.

Accordingly, since a mark cannot be directly seen with the naked eye, it is possible to
prevent a real place, an object, and the like to which a mark is added, from being obstructive,
in a case where they are directly seen. In an embodiement, where the invisible-light image is
discriminating, since a mark cannot be directly seen with the naked eye, it is possible to
prevent a real location, an object, and the like to which a mark is added, from being
obstructive, in a case where they are directly seen. Further, a mark is not seen or only lighly
seen on a generated composite image, and it is possible to prevent a mark from being

obstructive on a composite image.

An embodiment according to another aspect relates to a composite image generating
system,

wherein the image capturing means of the camera apparatus captures the real image in
which a visible-light image and an invisible-light image may be discriminated from each
other, and

the image processing apparatus further comprises composite image generating means
for, based on the determined overlaying condition, generating the image of the virtual object,
overlaying the image of the virtual object on the captured real image, and generating the

composite image.
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In accordance with this aspect, a camera apparatus captures a real image in which a
visible-light image and an invisible-light image may be discriminated from each other, and

an image processing apparatus, based on the determined overlaying condition,
generates an image of a virtual object, overlaying the image of the virtual object on the real
image, and generates a composite image.

Accordingly, it is possible to constitute a system by one camera apparatus, so it is

possible to constitute a system inexpensively.

An embodiment according to another aspect relates to a composite image generating
system,

wherein the overlaying condition determining means determines the overlaying
position in such a way that the mark image is hidden by overlaying the image of the virtual
object or another virtual object on the captured real image. The virtual object and another

virtual object may be overlayed at a different overlaying conditions.

In accordance with this invention, a mark is not seen on a generated composite image,
and it is possible to prevent a mark from being obstructive on a composite image. Also, the

user is unable to extract a hidden code from the camera image in order to copy a mark.

An embodiment according to another aspect relates to a composite image generating
system,

wherein the image processing apparatus further comprises mark image erasing means
for specifying an area which the at least one mark image occupies in the captured real image,
and based on the an image outside the area, complementing the image of the real world in the

area, to erase the mark image in the real image.
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In accordance with this invention, a mark is not seen on a generated composite image,
and it is possible to prevent a mark from being obstructive on a composite image. Also, the

user is unable to extract a hidden code from the camera image in order to copy a mark.

An embodiment according to another aspect relates to a composite image generating
system,

wherein the composite image generating system further comprises mark hiding means,
which may switch between erasing the mark image in the real image, complementing the
image of the real world in the area of the mark from informations outside the mark area and

overlaying a virtual object or another virtual object over the real image of the mark.

In accordance with this embodiment, it is ensured, that the mark image is not
obstructive and can never be identified by the user, even when the at least one mark’s image
in the real image constitutes a very big part of the image and it is difficult to erase it using

information from the surrounding.

An embodiment according to another aspect relates to an overlaying condition
determining method in a composite image generating system for overlaying at least one
virtual image which is an image of at least one virtual object on a real image which is an
image of the real world to generate a composite image of the real world and the virtual object,

wherein at least one mark which at least reflects or radiates invisible light of
predetermined wavelength other than visible light is added in a space of the real world,

the camera apparatus captures the real image in which an invisible-light image may be

discriminating, and
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the image processing apparatus discriminates at least one condition of a position of
image of the mark in the captured real image, a orientation of the mark, and a distance from
the mark to the image capturing means, and

determines, in correspondence with the at least one discriminated condition, an
overlaying condition which is at least one of an overlaying position which is a position of the
image of the virtual object overlaid on the captured real image in the real image, an
orientation of the virtual object which the image of the virtual object indicates, and a distance

from a view point of the viewer, of the image of the virtual object.

An embodiment according to another aspect relates to an image processing apparatus
for overlaying a virtual image which is an image of at least one virtual object on a real image
which is an image of the real world to generate a composite image of the real world and the
virtual object,

wherein at least one mark which at least reflects or radiates invisible light of
predetermined wavelength other than visible light is added in a space of the real world,

the image processing apparatus comprises:

acquiring means for acquiring the real image in which an invisible-light image may be
discriminating, and which has been image-captured by a camera apparatus,

mark discriminating means for discriminating at least one condition of a position of the
image of at least one mark in the acquired real image, an orientation of the mark, and a
distance from the mark to the image capturing means, and

overlaying condition determining means for determining, in correspondence with the
discriminated condition, at least one overlaying condition which is at least one of an
overlaying position which is a position of the image of the virtual object overlaid on the

captured real image in the real image, an orientation of the virtual object which the image of
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the virtual object indicates, and a distance from a view point of viewer, of the image of the

virtual object.

An embodiment according to another aspect relates to an image processing program
executed by a computer included in an image-processing apparatus for overlaying a virtual
image which is an image of at least one virtual object on a real image which is an image of the
real world to generate a composite image of the real world and the virtual object,

wherein a mark which at least reflects or radiates invisible light of predetermined
wavelength other than visible light is added in a space of the real world, and

the image processing program causes the computer to function as:

acquiring means for acquiring the real image in which an invisible-light image may be
discriminating, and which has been image-captured by a camera apparatus,

mark discriminating means for discriminating at least one condition of a position of
image of the at least one mark in the acquired real image, an orientation of the mark, and a
distance from the mark, to the image capturing means, and

overlaying condition determining means for determining, in correspondence with the
discriminated condition, an overlaying condition which is at least one of an overlaying
position which is a position of the image of the virtual object overlaid on the acquired real
image in the real image, an orientation of the virtual object which the image of the virtual

object indicates, and a distance from a view point of viewer, of the image of the virtual object.

[Advantageous Effect of the Invention]
In accordance with aspects of the invention, since a mark cannot be directly seen with
the naked eye, it is possible to prevent a real place, an object, and the like to which a mark is

added, from being obstructive, in a case where they are directly seen. In addition, it is not
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easy for users of the system to easily copy a mark, which may be a sellable item, since

copy-machines and standard-printers are not prepared to scan non-visible marks.

[Brief Explanation of the Drawings]

Fig. 1 is a view which shows an example of outlined structure of AR system SI
according to a first embodiment.

Fig. 2 is a view showing an example of schematic structure of PC 2 according to the
first embodiment.

Fig. 3 is a view of example of software structure and data flow of program for AR
system according to the first embodiment.

Figs. 4A and 4B are views of example of generating an AR image data 105, and Fig.
4A is a view in which a marker M is hidden by a virtual object, and Fig. 4B is a view in which
a marker M is erased.

Fig. 5 is a flow chart which shows an example of processing carried out by a system
control unit 25 of the PC 2 according to the first embodiment.

Fig. 6 is a view showing an example of outline of structure of AR system S2
according to a second embodiment.
Fig. 7 is a view showing an example of software structure of program for AR
system, and data flow, according to the second embodiment.
Fig. 8 is a flow-chart showing an example of process of system control unit 25 of

PC 2 according to the second embodiment.

[Description of exemplary embodiments of the invention]
Referring now to the drawings, embodiments of the invention will be described in

detail. The embodiments mentioned below are embodiments in which the invention is applied

to an AR system.
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1. First Embodiment]
[1.1 Outline of Structure and Function of AR System]

First, an outline of the structure and function of the AR system S1 according to a first
embodiment will be described with reference to Fig. 1.

Fig. 1 is a view which shows an example of an outlined structure of the AR system S1
according to a first embodiment.

As shown in Fig. 1, an AR system S1 is arranged to include a visible-light/infrared
camera 1 as an example of camera apparatus, a PC (Personal Computer) 2 as an example of
image processing apparatus, and a display 3.

The visible-light/infrared camera 1 and the PC 2 are connected to each other by a
video cable or the like. The PC 2 and the display 3 are connected to each other by a display
cable or the like.

In the AR system S1 with such arrangement, as shown in Fig. 1, a marker M is located
in a space RS which exists really, an image which includes the marker M is captured by the
visible-light/infrared camera 1, and the PC 2 conducts an image analysis to discriminate a
position, and an attitude of the marker M, and a distance from a view point of user to the
marker M, and the like in the captured image (can be six degrees of freedom). Based on the
result of this discrimination, the PC 2 determines a position, and an attitude of a virtual object,
and a distance from a view point of the user to the virtual object, and the like, and based on
the determined information, generates an image of the virtual object, and overlays it on the
captured image to generate an image in which a real world is augmented by a virtual object.

The marker M is arranged, for example, by printing a predétermined figure, or the like
(an example of mark) on a surface of a seal, a board, or the like with an infrared ink. The
infrared ink has a property of, for example, reflecting near-infrared rays of wavelength of 0.7

to 2.5 micrometer (an example of invisible light). Therefore, while a printed figure or the like

10
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(hereinafter, referred to as “an infrared mark”) cannot be recognized with the naked eye, an
image thereof can be captured by the visible-light/infrared camera 1. The marker can also be a
combination of visible and invisible parts. For example a playingcard can have a visible
figure of a dragon printed on it and other invisible signs next to the dragon. A marker can be
placed on a planar or a non-planar surface.

It is possible to arrange one marker M, or a plurality of markers M. In a case where a
plurality of markers M are arranged in order to discriminate each of the markers M, it is
desirable to print infrared marks whose figures are different from each other. Further, the
marker M may be located or attached at a target place or on a target object, or may be leaned
by a stick or the like. In a case where it is desirable that a seal, a board, or the like of marker
M itself is not seen by a person, it is possible to, for example, directly print an infrared mark
at a target place or on a target object, or paint a predetermined figure with an
infrared-reflective paint.

The visible-light/infrared camera 1 is composed of, for example, an image-capturing
lens, a CCD (Charge Coupled Device Image Sensor) with a distribution of sensitivity from
visible light to infrared rays, a driver chip which digitizes a video signal from the CCD, and
outputs the video signal through a video cable, and the like, to image-capture an object or the
like in a space RS. A video signal thus obtained is supplied through a video cable to the PC 2.

Here, in order for the CCD to image-capture the marker M, the CCD needs to be
arranged to have a sensitivity overlapping with a reflective property of the infrared ink printed
on an infrared marker (in the embodiment, for example, so as to at least detect infrared rays
with a wavelength above 0.7 micrometer).

The display 3 is composed of, for example, a liquid crystal panel or the like, and is
arranged to display, on a screen, an image corresponding to a video signal supplied from the

PC 2 through a display cable. The display might also be a so called head mounted display.

11



WO 2009/118184 PCT/EP2009/002236

[1.2 Structure and Function of PC 2]

Referring now to Fig. 2, a structure and a function of the PC 2 will be described.

Fig. 2 is a view showing an example of a schematic structure of PC 2 according to the
first embodiment.

As shown in Fig. 2, the PC 2 includes an image input unit 21 to which a video signal
from the visible-light/infrared camera 1 is supplied, an image output unit 22 which outputs to
the display 3 a video signal corresponding to a generated image data, an operation unit 23 (for
example, a keyboard, a mouse, or the like) which receives an operation instruction from a user,
and outputs such instructed contents as a instruction signal to a system control unit 25, a
storage unit 24 (for example, a hard disc drive, or the like) as an example of storing means
which stores a variety of programs and data, or the like, and the system control unit 25 which
includes a CPU (Central Processing Unit), a ROM (Read Only Memory), a RAM (Random
Access Memory), and the like. The system control unit 25 and the respective units are
connected to each other through a system bus 26.

The storage unit 25 stores a marker figure data 102, a virtual object figure data 104,
and the like. The marker figure data 102 is a data indicative of the figure of the infrared mark
printed on a marker M or the combination of the infrared and the visible mark, and is
composed of, for example, a position of apex, a data of line segment, a data of surface, and
the like. The virtual object figure data 104 is a data indicative of a figure of at least one virtual
object displayed on a display in correspondence with the marker M, and in particular, is
composed of, for example, a position of apex, a data of line segments, a data of surfaces, a
data indicative of colors of each surface, and reflectivity of light, and the like. An example of
figure data, is data according to the VRML97-ISO 14772 standard.

The storage unit 25 stores a texture data indicative of a pattern or the like attached to a

surface of the virtual object as an image data, and a data indicative of relative coordinates, an

12
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attitude, and the like of virtual object in coordinates with the marker M set as a reference, as
required.

The storage unit 25 stores a program for the AR system.

In the embodiment, the system control unit 25 constitutes an example of mark
discriminating means, overlaying condition determining means, mark image erasing means,
composite image generating means, and the like. When the CPU reads and carries out a
variety of programs stored in the ROM and the storage unit 24, the system control unit 25
controls each portion of the PC 2 in a centralized fashion. Further, when a program for AR

system is read and carried out, the system control unit 25 is arranged to function as each of

the above means.

[1.3 Structure of Software of Program for AR System]

Referring now to Figs. 3 and 4, a structure of software of program for AR system
will be described.

Fig. 3 is a view showing an example of a software structure and a data flow of the
program for the AR system according to the first embodiment. Figs. 4A and 4B are views
showing an example of generating an AR image data 105.

As shown in Fig. 3, a program for the AR system is arranged to include a capture
pro‘gram 51, a tracking program 52, a synchronization program 53, and a graphics-drawing
program 54.

The capturing program 51 is a program which causes the system control unit 25 to
distribute, to the tracking program 52 and the synchronization program 53, a captured image
data 101 (an example of the real image) of predetermined format converted from a video
signal by the image input unit 21. Distributing the captured image data to the synchronization

program is optional.

13
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The tracking program 52 is a program for causing the system control unit 25 to
function as overlaying condition determining means. Especially, the system control unit 25
conducts an image-analysis of the captured image data 101 by using the marker figure data
102, extracts an image of the infrared or infrared/visible combined mark of the marker M
from the captured image data 101, discriminates coordinates (an example of overlaying
position), and an attitude (for example, directions of X-axis, Y-axis, and Z-axis in coordinates
with the marker M being set as a reference) in an image of the mark, and a distance from a
view point of the user (an example of viewer), and supplies such information as a tracking
data to the synchronization program 53. The tracking data may be expressed as a 4x4 matrix.
The tracking data may additionaly contain image coordinates, which indicate the position of
the infrared mark in the image. Hereinafter, coordinates, an attitude, a distance from a view
point of user, of the marker M are referred to as “a marker condition” (an example of
condition).

The synchronization program 53 is a program for causing the system control unit 25 to
check a time stamp of captured image data 101 supplied from the capturing program 51, and a
time stamp of tracking data 103 supplied from the tracking program 52 (in the tracking
program 52, the same time stamp as a time stamp of data of captured and analyzed image is
added), and supply the captured image data 101 and the tracking data 103 whose time stamps
are the same as each other, in correspondence with each other, to the graphics-drawing
program 54. The synchronization program is optional and especially helpful, when the system
is running in a multithreaded (parallel) way, allowing the capture program to receive frames,
while the tracking program is still working. Without synchronization program, the captured
image data 101 is passed with the tracking data 103 from the tracking progrém to the
graphics-drawing program 54.

The graphics-drawing program 54 is a program for causing the system control unit 25

to function as an overlaying condition determining means, mark image erasing means, and

14
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composite image generating means. Especially, the system control unit 25 determines
coordinates and an attitude (for example, directions of X-axis, Y-axis, and Z-axis in
coordinates with a virtual object set as a reference) of a virtual object as an image data of the
virtual object to be overlaid and ‘displayed on the captured image data 101, and a distance
from a view point of user, in correspondence with a marker condition which a tracking data
indicates.

For example, the system control unit 25 determines coordinates of virtual object in
such a manner that the virtual object comes into contact with a marker M, and determines an
attitude in such a manner that an upper direction of the virtual object comes into alignment
with the normal of the marker M, and regards a distance from a view point of user to a virtual
object as a distance from a View point of user to the marker M.

At this time, in a case where it is predetermined that a marker M is hidden by a virtual
object (for example, in a case where the same coordinates as coordinates of marker M are
predetermined for the virtual object, or the like), the system control unit 25 determines
coordinates of a virtual object (or, an attitude, a distance from a view point of user) in such a
manner that the marker M is hidden. Thus, for example, as shown in Fig. 4A, an image VO of
virtual object is overlaid on an image of marker M (see Fig. 1). Hereinafter, coordinates, and
an attitude of virtual object, and a distance from view point of user are referred to as “an
overlaying condition”. Possible tools, known to the state of art to create a 2D-image of a
3D-virtual object in space, are 3d rendering engines, like OpenGL. The virtual object
overlaying the infrared marker could also be a 2D object overlayed using a 2D
rendering-engine. In case of a combined visible/invisible marker, only the invisible part could
be hidden. Different from Fig. 4A, there could also be more than on virtual objects. One
virtual object being used to hide the marker and being similar to a known background and the

other object being for example a piece of furniture or an animated character.
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In a case where a virtual object is not set to hide a marker M, the system control unit
25 may use a technique called an image restoring or in-painting, or the like, and erases an
image of marker M in such a manner that the marker M cannot be discriminated visually in a
captured image displayed by the captured image data 101. For example, if there is not a
marker M, a place or an object (its portion or entity) which has been hidden by the marker M
should be displayed in this area. Thus, it is thought that a line with equal light-intensity of
image (a line connecting pixels with the same light-intensity) around this area is extended and
drawn into an area of Marker M while the line maintains its direction. In other words, it is
thought that a pattern expressed by a place or an object in an image around an area of marker
M is also maintained in the area of marker M.

The system control unit 25 discriminates such direction for each pixel by conducting
an image analysis, and completely paints this area in accordance with the direction and based
on a data of pixel around an area of marker M. Thus, the system control unit 25 supplements
an image of place or object which should be displéyed in an area of marker M. Therefore, for
example, as shown in Fig. 4B, an image of marker M is erased. A broken line in the drawing
is shown to indicate a position of marker M for convenience, and this broken line does not
remain actually. The marker erasing means could also be combined with the tracking program
52, for efficiency. The system could also switch between using marker erasing means,
overlaying a virtual object or changing the appearance of the infrared marker by other means.
This could be especially helpful in case the marker-image occupies a certain area of the image
(for example more than 50 percent).

The system control unit 25, based on the virtual object data 104, generates an image
data of a virtual object in a determined overlaying-condition. Possible tools, known to the
state of art to create a 2D-image of, for example, a 3D-virtual object in space, are 3d
rendering engines, like OpenGL or DirectX. The system control unit 25 overlays this image

data of virtual object on the captured image data 101 in a determined position to generate a
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composite AR image data (an example of composite image) of real world and virtual object.
This AR image data is outputted, for example, as a frame data which constitutes a portion of a
motion picture.

A program for AR system may be acquired, for example, through a network from a
server apparatus or the like, or may be recorded in a recorded medium such as a CD (Compact

Disc), a ROM, or the like, and then read by a drive apparatus or the like.

[1.4 Operation of AR System]

Referring now to Fig. 5, an operation of the AR system S1 will be described.

Fig. 5 is a flow chart which shows an example of processing carried out by the
system control unit 25 of the PC 2 according to the first embodiment.

First, the visible-light/infrared camera 1 starts to capture an image by an operation
of user or the like. When the visible-light/infrared camera 1 captures a marker M, it captures a
visible-light/infrared image which includes an image of infrared mark M, and outputs a video
signal to the PC 2.

In the PC 2, the image input unit 21 converts the inputted video signal to a captured
image data 101, and outputs the captured image data 101 to the system control unit 25.

As shown in Fig. 5, in a case where the captured image data 101 is supplied from the
image input unit 21, the system control unit 25 conducts an analysis of the captured image
data 101, discriminates a mark condition, and generates the result as a tracking data 103 (step
S1).

Then, the system control unit 25 synchronizes the captured image data 101 with the
tracking data 103 (step S2). Step S2 is optional and not always necessary. Especially, the
system control unit 25 monitors the supply of the captured image data 101, and the generation
of the tracking data 103. When there are the captured image data 101 and the tracking data

103 whose time stamps indicate the same time, the system control unit 25 stores these data in
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a RAM or the storage unit 24 in such a manner that they are in correspondence with each
other.

When the system control unit 25 recognizes the synchronized captured image data 101
and tracking data 103, it determines an overlaying condition of virtual object based on the
tracking data 103 or the like (step S3). At this time, in a case where a marker M should be
hidden by a virtual object, the system control unit 25 determines coordinates or the like of the
virtual object or another virtual object in such a manner that the marker M is hidden by the
virtual object.

The system control unit 25, based on the captured image data 101, generates an image
data of virtual object which is a determined overlaying-condition (step S4).

The system control unit 25 judges whether a marker M should be hidden by a virtual
object (step S5). At this time, in a case where the marker M should be hidden by the virtual
object (step S5, YES), the system control unit 25 proceeds to a step S7.

On the other hand, in a case where the marker M should not be hidden by the virtual
object (step S5, NO), the system control unit 25 may completely paint an area of marker M in
an image of the captured image data 101 to erase the marker M from an image by using an
method or the like mentioned above (step S6), and proceeds to a step S7. This process may
also take place during tracking, when analyzing the image in step S1.

At step S7, the system control unit 25 overlays an image data of virtual object on the
captured image data 101 to generate an AR image data, and sores the AR image data in a
RAM or the storage unit 24 (step S7).

The generated AR image data is converted to a video signal by the image output unit
22, which is in turn outputted to the display 3. The display 3 displays an image corresponding
to the supplied video signal on a screen. Thus, for example, an image shown in Fig. 4A or Fig.

4B is displayed on the screen.
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As explained above, in accordance with the embodiment, a marker M on which an
infrared mark which reflects infrared rays of a predetermined wavelength is printed, is
arranged in a space of real world. The visible-light /infrared camera 1 captures an image in
which an infrared image and an image of visible are combinedand outputs a video signal
corresponding to the image. The system control unit 25 in the PC 2 discriminates coordinates,
and an attitude of image of marker M, and a distance from a view point of user, in the
captured image data 101 corresponding to the video signal, and determines coordinates, and
an attitude of virtual object as an image data of virtual object to be overlaid on the captured
image data 101, and a distance from a view point of user, in correspondence with a condition
of discriminated marker M.

Therefore, an infrared mark printed on a marker M cannot be directly seen by the
naked eye. Accordingly, when a place, an object, or the like on which a marker M is located is
directly seen, it is possible to prevent them from being obstructive.

The visible-light/infrared camera 1 captures an image in which a visible-light image
can be visually discriminated in addition to an infrared image, and the system control unit 25
of the PC 2 generates an image data of virtual object based on a determined
overlaying-condition, and overlays the image data of virtual object on the image data 101 to
generate the AR image data 105. Accordingly, it is possible to construct a system with a
standard camera, so it is possible to construct a system inexpensively, as compared with an
AR system S2 according to a second embodiment described later.

Since the system control unit 25 of the PC 2 determines coordinates or the like of
virtual object in such a way that an image of marker M is hidden by an image of the virtual
object, an infrared mark cannot be seen on a display screen of the display 3. Accordingly, it is
also possible to prevent the marker M from being obstructive on a screen.

The system control unit 25 of the PC 2 specifies an area which an image of marker M

occupies in a image of captured image data 101, and complements an image of real world in
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the specified area based on an image around the specified area to erase the marker M.
Accordingly, an infrared mark cannot be seen on a display screen of the display 3, so it is also

possible to prevent the marker M from being obstructive on a screen.

[1.5 Example of Application of AR System]

The visible-light/infrared camera 1 and the display 3 of the AR system S1 can be
applied to, for example, a notebook-size PC (personal computer) which contains a camera
capable of capturing an infrared image, a cellular phone which contains a camera, or the like.
At his time, discrimination of marker condition, determination of overlaying condition, and
generation of image data of virtual object and AR image data may be carried out at a side of
notebook-size personal computer or cellular phone (a notebook-size personal computer or a
cellular phone includes a structure of PC 2). Or, for example, it is also possible that a captured
image data or the like is transferred to a server apparatus by using wired or wireless
communication means, and a side of the server apparatus carries our proccessing, and
transmits a generated AR image data to a side of notebook-size personal computer or cellular
phone. (the server apparatus includes a structure of the personal computer PC2.)

The display 3 of the AR system S1 can be applied to a head-mounted type of display
or the like. In this case, a display unit of the head-mounted type of display does not allow
visible light to pass, and is arranged to display an AR image in which an image of virtual
image is combined in an image of real world to be within a sight range of user to which a
head-mounted display is attached. In this case, a camera is attached to a head of user, or is
contained in a head-mounted display, and a capturing range of camera is set to be alignment

with a sight range of user.

In these cases, since a position and an orientation of camera or head-mounted display

change dynamically, it is desirable to perform a calibration (this stands for dynamic detecting
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of coordinates and an orientation of camera or head-mounted display in world coordinates

(coordinates of real space).

In another case, a see-trough head mounted display can be used.

[2. Second Embodiment]

Now, a second embodiment will be described. While a case in which a
standard-camera is used is described in the first embodiment mentioned above, a special
camera with the ability to capture not only one combined image, but to capture 2 images is to
be used in the second embodiment. A standard camera means a camera which has a chip (or
more than one chip) with photocells, which capture light in three or four different
wavelengths of the visible spectrum (for example red, green, blue or red, green, blue,
emerald), where also some none visible light is captured (if there is no IR-blocking filter). A
special camera chip, for example comparable to the one published in US application
20070145273 (where in our case the transparent pixels could include a filter blocking visible
light and the fourth pixel wavelength is used to create a separate image or a combined image,
where IR-pixels are known to be at certain positions), and the according electronics, could be
capable of producing a color image and a separate IR-image. This could improve the visibility
of the IR-marker to the system and improve the possibility to distinguish the IR-marker from

non-IR-parts of the real world.

[2.1 Outline of structure and operation of AR system]

First, referring to Fig. 6, an outline of structure and operation of AR system S2

according to a second embodiment will be described.
Fig. 6 is a view showing an example of outline of structure of AR system S2 according

to the second embodiment. In Fig. 6, the same reference characters are added to the same

constituent elements as in Fig. 1.
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As shown in Fig. 6, an AR system S2 is arranged to include a usual pixelarray 1la, an
infrared sensorarray 1b (which can be mixed on a chip with 1a or be on a separate chip), a PC
(Personal Computer) 2 as an example of image processing apparatus, and a display 3.

The usual sensorarray 1a is connected to the PC 2, and the infrared sensorarray 1b may
be independently connected to the PC 2, by the respective video cables, and the like or may
be connected by 1 cable.

The camera including the usual sensorarray la and the infrared sensorarray 1b is
arranged to include, for example, an image-capturing lens, at least one CCD or similar with a
sensitivity distribution in a frequency range of visible light and the infrared sensorarray
having a sensitivitiy mostly in the infrared light, no IR lens-filter or visible-light-cut-filter
which cuts an infrared-frequency component or visible light before reaching the chip, an
infrared LED (Light Emitting Diode) which radiates infraréd rays to an object to be
image-captured, and the like. The LED is in many cases not necessary. The CCD or .similar
provides a video signal or two separate videosignals, depending on the electronics. The usual
sensorarray 1a image-captures an object or the like in a space RS (an infrared mark printed on
a marker M is not captured). The infrared sensorarray 1b image-captures an object or the like
in a space RS (mainly an infrared mark printed on a marker M is image-captured). At least
one video signal thus obtained is arranged to be supplied through a video cable to the Pc 2.

A basic structure of the PC 2 and the display 3 are the same as in the first embodiment.
However, an image input unit 21 of the PC 2 is arranged to convert a video signal supplied
from the usual sensorarray la to a usual captured image data 101a mentioned later, while
converting a video signal supplied from the infrared sensorarray 1b to an infrared image data
101b mentioned later. As described before, the IR-image and the usual image, may be

combined in one video signal and could be split here.

[2.2 Software Structure of Program for AR system]
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Referring now to Fig. 7, a software structure of program for AR system will be
described.

Fig. 7 is a view showing an example of software structure of program for AR
system, and data flow, according to a second embodiment. In Fig. 7, the same reference
characters are added to the same constituent elements as in Fig. 3.

As shown in Fig. 7, a software structure of program for AR system is basically the
same as a software structure of program for AR system according to the first embodiment.

Here, a capture program 51 is a program for causing a system control unit 25 to
distribute a usual captured image data 10la (an example of visible-light image) and an
infrared image data 101 b (an example of invisible-light image) which have been converted
from a video signal by an image input unit 21, to a synchronization program 53 and a tracking
program 52. Specifically, the system control unit 25 supplies the usual captured image data
101a to the synchronization program 53, while supplying the infrared image data 101b to the
tracking program 52. The synchronization program is optional and the usual captured image
data 101a might be directly sent to the graphics-drawing program 54.

The tracking program 52, based on the infrared image data 101b, discriminates a
marker condition of marker M in an image of the data, and supplies this information as a
tracking data to the synchronization program 53, or directly to the graphics-drawing program
54. In some cases, for example if the tracking program 52 also utilizes information from the
real environment, image data 101a and 101b may be supplied to the tracking program 52.

The synchronization program 53 is a program for causing the system control unit 25 to
check a time stamp of usual captured image data 101a supplied from the capture program 51,
and a time stamp of tracking data 103 supplied from the tracking program 52, and correlate
the usual captured image data 101a and the tracking data 103 whose time stamps indicate the
same time (or nearly the same time), with each other, and supply them to a graphics-drawing

program 54.
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The graphics-drawing program 54 is a program for causing the system control unit 25
to determine an overlaying condition of virtual object as an image data of virtual object to be
overlaid and displayed on the usual captured image data 10la, generate an image data of
virtual object based on the overlaying condition, overlay the image data of virtual object on
the usual captured image data 101a, and generate an AR image data. Here, since an image of
marker M might be displayed in less contrast as in embodiement 1, for example because the
usual sensorarray filters out more IR-light, an image of the usual captured image data 101a,
the graphics-drawing program 54 may not need to be programmed to hide an image of marker
M with an image of the virtual object or another virtual object, or erase an image of marker M.
In case the usual sensorarray filters IR-light, as a usual camera in embodiment 1, the same
hiding or erasing means can be applied. The main advantage of embodiement 2 is, that the

tracking program 52 might function in a more stable fashion.

[2.3 Operation of AR System]

Referring now to Fig. 8, an operation of AR system S2 will be described.

Fig. 8 is a flow-chart showing an example of process of system control unit 25 of PC 2
according to the second embodiment.

First, a usual sensorarray 1a and an infrared sensorarray 1b start to capture an image by
an operation of user or the like. A usual sensorarray la cannot capture an infrared mark
printed on a marker M in high contrast, and does capture an image of place and an object to
be image-captured, and outputs a video signal to a PC 2. When an infrared sensorarray 1b
captures a marker M, the camera captures an infrared image including only an image of the
infrared mark M, and outputs a video signal to the PC. However, in a case where a marker M
is not within a range of image-capturing, the camera 1b captures an infrared image in which

no object exists, and outputs a video signal to the PC2.
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In the PC 2, the image input unit 21 converts a video signal supplied from the usual
sensorarray la, to the usual captured image data 101a, and converts a video signal supplied
from the infrared sensorarray 1b, to the infrared image data 101b, and outputs these data to
the system control unit 25.

In a case where the infrared image data 101b is supplied from the image input unit 21,
as shown in Fig. 8, the system control unit 25 conducts an analysis of the infrared image data
101b, discriminates a condition of mark, and generates its result as a tracking data 103 (step
S11).

Then, the system control unit 25 synchronizes the usual captured image data 101a and
the tracking data 103 with each other (step S12). This step may be optional.

When the system control unit 25 recognizes the synchronized usual captured image
data 101a and tracking data 103, it determines an overlaying condition of virtual object based
on the tracking data 103 or the like (step S13).

The system control unit 25, based on a virtual object figure data 104, generates an
image data of virtual object which forms a determined overlaying condition (step S14).

The system control unit 25 overlays an image data of virtual object on the usual
captured image data 101a to generate an AR image data, and stores the AR image data in a
RAM or the storage unit 24 (step S15).

The generated AR image data is converted to a video signal by the image output unit
22, and is outputted to the display 3. The display 3 displays an image corresponding to the
supplied video signal on a screen. A marker M is not displayed on the screen.

AS mentioned above, according to the embodiment, a marker M on which an infrared
mark, which reflects infrared rays of predetermined wavelength, has been printed or somehow
formed, is located in a space of the real world, and the usual sensorarray 1a captures an image
in which mostly a visible light is discriminative, and outputs a video signal corresponding to

the image. The infrared sensorarray 1b captures an image in which mostly infrared rays are
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discriminative, and outputs a video signal corresponding to the image. The system control
unit 25 of the PC 2 discriminates coordinates and an attitude, and a distance from a view point
of user, of image of marker M in the usual captured image data 101a corresponding to a video
signal from the infrared sensorarray 1b, and determines coordinates and an attitude, and a
distance from a view point of user, of virtual object as an image data of virtual object to be
overlaid on an image corresponding to a video signal from the infrared sensorarray 1b, in
correspondence with a condition of discriminated marker M. The system control unit 25,
based on the determined overlaying condition, generates an image data of virtual object, and
overlays the image data of virtual object on the usual captured image data 101a to generate an
AR image data 105. |

Accordingly, since an infrared mark printed on a marker M cannot be directly seen
with the naked eye, it is possible to prevent, a place, an object, or the like on which a marker
M is located, from being obstructive, in a case where they are directly seen. Further, an
infrared mark is not seen on a display screen of the display 3, so it is possible to prevent a
marker M from being obstructive on a screen.

Since an infrared mark printed on a mark M is not displayed on the usuval captured
image 101a, it might not be necessary to hide an image of marker M by an image of virtual
object, or erase an image of marker M. Therefore, it is possible to improve a degree of
freedom of determining an overlaying condition of virtual object, and it is possible to prevent
degradation of image quality of AR image data, and it is possible to simplify a process.

Since an object other than an infrared mark is not displayed in the infrared image data
101b, it is possible to discriminate a marker condition easily.

In each of the above embodiments, an infrared mark is printed on a marker M by an
infrared ink which reflects infrared rays of wavelength of 0.7 — 2.5 micrometer. However, for
example, it is possible to print by ink which reflects infrared rays of wavelength other than the

above, and it is also possible to print by ink which reflects an ultraviolet ink. In other words, it
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is sufficient to print by ink which cannot be recognized with the naked eye. In this case, it is
sufficient that a distribution of sensitivity of the visible-light/infrared sensorarray 1 and the
infrared sensorarray 1b is in correspondence with a property of reflectivity of ink. Other than
ink, and paint which reflects infrared réys or the like, it is possible to use, for example, ink or
paint or lamps, which itself radiate infrared rays or the like.

In the system control unit 25 of the PC 2 in each of the embodiments, coordinates, an
attitude, and a distance from a view point of user, of marker M has been determined as a
marker condition. However, it is possible to discriminate only one or two of these items.

In the system control unit 25 of the PC 2 in each of the embodiments, coordinates, an
attitude, and a distance from a view point of user, of virtual object has been determined as an
overlaying condition. However, it is possible to discriminate only one or two of these items.

In each of the embodiments, a moving image is displayed on the display 3 in real time.
However, for example,vit is possible to store it in a RAM or the storage unit 24 of the PC 2, or
the like, and then, display it later. Further, it is also possible to display a freeze-frame image.
Other than displaying an image by the display 3, for example, it is possible to print it by a
printer apparatus. Further, it is also possible to record an AR image data 105 in a recorded
medium such as a recordable DVD (Digital Versatile Disc), and then, utilize the data later.

In each of the embodiments, an image captured by a camera is arranged to be outputted
to the PC 2 in real time. However, for example, it is possible that a captured image data or the
like is recorded in a recorded medium such as a recordable DVD, a memory card, and the like

at a camera side, and it is read by the PC 2 through a drive apparatus.

Explanation of Reference Characters
1: camera
la: usual sensorarray

1b: infrared sensorarray
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2: PC

21:
22:
23:
24:
25:
26:
51:
52:
53:
54:

M:

image input unit

image output unit
operation unit

storage unit

system control unit
system bus

capture program

tracking program
synchronization program
graphics-drawing program

marker

RS: real space

VO: virtual object

S1,

S2: AR system
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Claims

1. A composite image generating system, comprising a camera apparatus and an image
processing apparatus, for overlaying a virtual image which is an image of a virtual object on a
real image which is an image of the real world to generate a composite image of the real
world and the virtual object,

wherein at least one mark which at least reflects or radiates invisible light of a particular
wavelength other than visible light is added in a space of the real world,

the image generating system comprises image capturing means for capturing the real image in
which an invisible-light image may be discriminating, and

the image processing apparatus, comprises:

mark discriminating means for discriminating at least one condition of a position of image of
the mark in the captured real image, a orientation of the mark, and a distance from the mark to
the image capturing means, and

overlaying condition determining means for determining, in correspondence with the
discriminated condition, at least one overlaying condition which is at least one of an
overlaying position which is a position of the image of a virtual object overlaid on the
captured real image in the real image, an orientation of the virtual object which the image of
the virtual object indicates, and a distance from a view point of a viewer, of the image of the

virtual object.

2. A composite image generating system according to claimlwherein the image capturing
means of the camera apparatus captures the real image in which a visible-light image and an
invisible-light image may be discriminated from each other, and
the image processing apparatus further comprises composite image generating means for,

based on at least one determined overlaying condition, generating the image of at least one
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virtual object, overlaying the image of the virtual object on the captured real image, and

generating the composite image.

3. A composite image generating system according to claim 1 or 2,
wherein the overlaying condition determining means determines an overlaying
position in such a way that the mark image is hidden by overlaying the image of the virtual

object or another virtual object on the captured real image.

4, A composite image generating system according to claim 1, 2 or 3,

wherein the image processing apparatus further comprises mark image erasing means
for specifying an area which the mark image occupies in the captured real image, and based
on the an image outside the area, complementing the image of the real world in the area, to

erase the mark image in the real image

5. A composite image generating system according to claim 1 or 2 or 3 or 4,

Wherein the composite image generating system further comprises mark hiding means,
which may use on of or switch between erasing the mark image in the real image,
complementing the image of the real world in the area of the mark from informations outside
the mark area and overlaying a virtual object or another virtual object over the real image of

the mark and changing the mark image by image processing means.

6. An overlaying condition determining method in a composite image generating system
for overlaying at least one virtual image which is an image of at least one virtual object on a
real image which is an image of the real world to generate a composite image of the real

world and the virtual object,
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wherein at least one mark which at least reflects or radiates invisible light of predetermined
wavelength other than visible light is added in a space of the real world,

the camera apparatus captures the real image in which an invisible-light image may be
discriminating, and

the image processing apparatus discriminates at least one condition of a position of image of
the mark in the captured real image, a orientation of the mark, and a distance from the mark to
the image capturing means, and

determines, in correspondence with the at least one discriminated condition, at least one
overlaying condition which is at least one of an overlaying position which is a position of the
image of the at least one virtual object overlaid on the captured real image in the real image,
an orientation of the at least one virtual object which the image of the at least one virtual

object indicates, and a distance from a view point of a viewer, of the image of the at least one

virtual object.

7. An image processing apparatus for overlaying a virtual image which is an image of at least
one virtual object on a real image which is an image of the real world to generate a composite
image of the real world and the virtual object,

wherein at least one mark which at least reflects or radiates invisible light of predetermined
wavelength other than visible light is added in a space of the real world,

the image processing apparatus comprises;

acquiring means for acquiring the real image in which an invisible-light image may be
discriminating, and which has been image-captured by a camera apparatus,

mark discriminating means for discriminating at least one condition of a position of image of
at least one mark in the acquired real image, an orientation of the mark, and a distance from

the mark to the image capturing means, and
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overlaying condition determining means for determining, in correspondence with the
discriminated condition, at least one overlaying condition which is at least one of an
overlaying position which is a position of the image of at least onevirtual object overlaid on
the captured real image in the real image, an orientation of the virtual object which the image
of the virtual object indicates, and a distance from a view point of viewer, of the image of the

virtual object.

8. An image processing program executed by a computer included in an image-processing
apparatus for overlaying a virtual

image which is an image of at least one virtual object on a real image which is an image of the
real world to generate a composite image of the real world and the at least one virtual object,
wherein at least one mark which at least reflects or radiates invisible light of predetermined
wavelength other than visible light is added in a space of the real world, and

the image processing program causes the computer to function as:

acquiring means for acquiring the real image in which an invisible-light image may be
discriminating, and which has been image-captured by a camera apparatus,

mark discriminating means for discriminating at least one condition of a position of the image
of at least one mark in the acquired real image, an orientation of the mark, and a distance from
the mark, to the image capturing means, and

overlaying condition determining means for determining, in correspondence with the
discriminated condition, at least one overlaying condition which is at least one of an
overlaying position which is a position of the image of the virtual object overlaid on the
acquired real image in the real image, an orientation of the virtual object which the image of
the virtual object indicates, and a distance from a view point of a viewer, of the image of the

virtual object.
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