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Description

FIELD OF THE INVENTION

[0001] The present invention is related to an interactive
floating imaging device, that is, to an optical device that
allows interaction between floating real images and us-
ers.

BACKGROUND OF THE INVENTION

[0002] Recently, newly developed technology made it
possible for users (observers) to access images project-
ed into the air (hereafter referred to as ’floating images’,
including both two-dimensional and three-dimensional
images), and its practical application has also been pro-
gressing (see for instance Patent Reference No. 1, and
Non-Patent Reference No. 1). Methods for sensing user
access of floating images include the method of affixing
three-dimensional position sensing devices to the hand
of the user or to a pointing stick held by the user; another
method makes use of pairs of infrared emitters and de-
tectors placed in the vicinity of the floating image to sense
the position of the user’s hand by the interruption of the
infrared beams; still another method uses cameras af-
fixed to the floating imaging device or to the ceiling of the
room where it is located, viewing the user’s hand from
above, and detecting the access by image processing
performed on the camera images; and other methods.
Furthermore, a new optical device capable of projecting
floating images had been proposed, having a surface
across which the refracting of light rays can be observed,
and having the property that the image is formed with the
front and back sides reversed with respect to that surface.
By using the above-mentioned optical device with the
proper arrangement of the optical structure, it is known
that images can be formed in planar symmetric positions
with respect to the refracting surface, in other words, mir-
ror images can be formed as real images. In such case,
not only two-dimensional but three-dimensional images
can be formed, free from distortions.
[0003] The present inventor has proposed several op-
tical devices that form images through the reflection of
light on specular surfaces; one of them is an imaging
optical device (see Patent Reference No. 2) that reflects
light by a multiplicity of unit optical elements arranged
along the above-mentioned optical device plane, wherein
the unit optical elements consisting of at least one spec-
ular surface (micromirror) placed in a perpendicular or
nearly perpendicular position to that optical device plane.
The imaging optical device possesses a new image form-
ing capability, by transmitting light emitted from the object
to be projected (including both physical objects and im-
ages) placed to one side of the optical device plane, the
transmission being achieved by reflecting light at each
specular surfaces inside the unit optical elements, where-
by a real image of the object to be projected will be formed
on the opposite side of the optical device plane. Since

the paths of the light rays become bent due to being re-
flected by specular surfaces while passing through the
above-mentioned optical device plane, it can be said that
the optical device plane of the imaging optical device
functions as a refracting surface.
[0004] Further, the present inventor has indicated that
a simple system to form a floating image in air can be
constructed with the recently developed imaging optical
device using a dihedral corner reflector array (see Non-
Patent Reference No. 2).

Patent Reference No. 1: JP 2005-141102 A
Patent Reference No. 2: WO 2007/116639 A1
Non-Patent Reference No. 1: "3D floating vision",
(online),Pioneer Co., Ltd., (searched on Jan.12,
2007), <URL: http://www.pioneer-pcc.jp/corp/haru-
ka.html>
Non-Patent Reference No. 2: Satoshi Maekawa et
al.: "Transmissive Optical Imaging Device with Mi-
cromirror Array", Proc. of SPIE, vol. 6392, pp.
63920E-1 to 63920E-8

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0005] Among the above-mentioned floating image in-
teraction methods, in case of using the method of three-
dimensional position sensors, it is necessary to attach a
sensor device to the users’ hand, or for the user to hold
the sensor or to hold a pointing device with attached sen-
sor; therefore for instance in case of persons just passing
by, or in general in case of users who cannot be expected
to be holding sensors, interaction with the above-men-
tioned floating images will not be possible; thus equipping
each user with sensors becomes a precondition, that
would cause inconvenience. On the other hand, in case
of using the method of sensing with infrared emitter and
detector pairs, sets of the sensors must be arranged all
around the floating images, thus detecting user access
in three dimensions would be practically infeasible.
[0006] Compared with the above-mentioned methods,
using the method of cameras is mostly free of such prob-
lems, and it can be said to be practically usable to some
extent. However, since it is necessary to place the cam-
era in a position where the floating image is visible without
interference from the user’s body or other objects, ex-
cluding such situations where the camera is allowed to
be visible by users, usually there will be physical con-
straints on the placement of the cameras. Furthermore,
in case of the methods having been proposed so far for
projecting floating images, it was unfeasible to project
distortion-free three-dimensional floating images over a
plane such the surface of a table, while keeping their
position constant with respect to vertical and horizontal
displacements of the viewpoint.
[0007] To address the above-mentioned problems, it
is possible to solve them by using the imaging optical
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device proposed by the present inventor (see the above
cited Patent Reference No. 2). The imaging optical sys-
tem (imaging optical device) disclosed in Patent Refer-
ence No. 2, by reflecting once each from the above-men-
tioned two mirror surfaces (hereafter called ’dihedral cor-
ner reflectors’) the light emitted by the object to be pro-
jected that is placed to one side of the above-mentioned
optical device plane, and therefore transmitting the light
through the optical device plane, causes the undistorted
real image of the object to be projected to be formed in
the space at the other side of the optical device plane,
achieving two-dimensional images for two-dimensional
objects to be projected, and three-dimensional images
for three-dimensional object to be projected, thus realiz-
ing a new way of imaging, and hereafter will be called
’dihedral corner reflector array’. This dihedral corner re-
flector array uses specular reflection, thus it is suitable
for observation from an acute angle with respect to the
optical device plane, and therefore it is capable of pre-
senting a floating image appearing above a flat surface.
It should be mentioned that the above-mentioned imag-
ing optical device possesses not only the floating image
forming mode due to operating as a dihedral corner re-
flector, but also the operating mode of transmitting light
directly through the optical device plane without reflec-
tion, or alternatively the single-reflection operational
mode, when the light is reflected only once while passing
through the optical device plane (see JP 2006-271191 A).
[0008] Therefore, the present invention sets out to re-
solve the above-mentioned problems by using the above-
mentioned imaging optical system, and also by making
use of those operating modes that are not necessary for
the forming of real images; whereby it succeeds in sim-
plifying the construction of the system, while at the same
time it can detect precisely access by the user, with the
device used for detecting access by the user to the real
image capable of being placed in a location hidden from
the user’s view, thus realizing a floating image interaction
device for ideal interaction between images and users,
as well as providing computer programs for the floating
image interaction device.

Means for Solving the Problems

[0009] The floating image interaction device according
to the present invention has the features defined in claim
1.
[0010] When a floating image interaction device is con-
structed according to the preceding paragraph, firstly the
imaging optical system forms a floating image of the ob-
ject to be projected (an object placed to one side of the
light ray refracting surface that might be either a physical
object or an image displayed on an imaging device, either
of which might be two-dimensional or three-dimensional)
by the light ray refracting surface bending the light having
been emitted by the object to be projected and thus form-
ing the floating image on the other side of the light ray
refracting surface. With the image forming method, by

using the above-mentioned micromirrors for the image
forming system, it becomes possible to achieve the bend-
ing of the light rays at the light ray refracting surface at
acute angles, and thus it becomes possible to observe
real images obliquely with respect to the light ray refract-
ing surface. Furthermore, inasmuch a real image is
formed of the object to be projected, while the real image
has no physical reality, nevertheless it can be observed
to appear floating in the air as a virtual object that exists
only visually, and the user can touch or point to the virtual
object with his hand or with a pointer. Therefore it be-
comes possible to detect the three-dimensional position,
or the three-dimensional position and shape, of the phys-
ical three-dimensional object, that is to say "user object"
in the present invention, that is the users’ hand, finger or
the pointer, by an user object detecting means, whereas
interaction (mutual action) of the real image and the user
(physical object) becomes easier than with the prior art.
It is necessary for the user object detecting means to be
able to detect at least the position of the user object that
is the hand or the pointer held by the user, but it is desir-
able to be able to detect both the position and the shape
of the user object. It should be noted that the user object
detecting means of the present invention can be config-
ured in such a manner, that it becomes possible to detect
the position of the real image together with the above-
mentioned object. In that case, the user object detecting
means can detect the mutual position of both the real
image and the part of the user object in its vicinity, where-
by such information might be used advantageously for
the mutual action of the user (physical object) and the
image. However, it should be noted that usually by taking
account of the properties of the imaging optical system,
and of the position of the object to be projected, it will be
feasible to calculate the position of the real image, thus
it is not necessarily required to actually measure the po-
sition of the real image.
[0011] Regarding the above-mentioned floating image
interaction device of the present invention, in order to
realize the interaction between the floating real image of
the object to be projected and the user, whereas the in-
formation related to the position or the position and shape
of the physical object is detected by the user object de-
tecting means, it is necessary to further incorporate the
real image modifying means, to make use of the above-
mentioned information for modifying the real image. In
other words, the real image modifying means operates
by modifying the position and shape of the object to be
projected in order to follow the position and shape of the
user object in relation with the real image. For instance,
assuming that the user object is the finger, and the user
action is pushing the real image with the finger, by moving
also the real image in such a way that the relative posi-
tions of the finger and the real image are preserved, it
becomes possible to express situations like the real im-
age having no physical existence being pushed with the
finger, or the real image becoming attached to the finger.
Alternately, if the finger moves in a way to pinch the real
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image, by recognizing the position and shape of the fin-
ger, thereafter the real image might be moved in a way
so the relative position of the finger and the real image
is kept constant, expressing a situation as if the real im-
age had actually been caught. In order to modify the real
image in the above-mentioned manner, it is advanta-
geous to physically move the object to be projected in
cases when it is a physical object, or to modify the image
content when the object to be projected is a displayed
image. To achieve this in a case when the object to be
projected is a physical object, one possible method in-
volves using the information given by the user object de-
tecting means that determines its position, and making
use of a program and moving structure capable of moving
the object to be projected, thus realizing the real image
modifying means. On the other hand, in case the object
to be projected is an image, as an example it is possible
to use the information given by the user object detecting
means that determines its position, and by a program
that moves the image, or by a program and a moving
means capable of moving the display showing the image,
the real image modifying means might be realized. In
particular, when the object to be projected is a three-
dimensional image, the three-dimensional image might
be moved in three dimensions by an appropriate pro-
gram; while in case the object to be projected is a two-
dimensional image, one possibility involves moving the
display of the image in a three-dimensional manner; thus
realizing the three-dimensional movement of the real im-
age.
[0012] Furthermore, besides modifying the real image
according to the position or shape of the user object, it
is also possible to realize the interaction of the floating
image and the user by acting on the user’s hand or other
such objects in such a way as if they have actually
touched the real image. For instance, when the user’s
hand or an object held by the user reaches the real image,
if it is feasible to have a reaction force work upon the
hand or user object, it becomes possible to achieve a
highly realistic feeling of presence. Furthermore, even
without a precise reproduction of the reaction force, pro-
viding any tactile stimulus upon reaching the real image
will contribute to enhancing the feeling of its presence.
Furthermore, upon stroking the real image, by providing
an appropriate vibration stimulus, it becomes possible to
make its surface texture being felt. In order to realize the
above-mentioned effects, the floating image interaction
device of the present invention might preferably be
equipped also with a user object actuator device, with
the user object actuator device providing physical action
to the user object using to the position information or the
position and shape information obtained by the user ob-
ject detecting means. In other words, the user object ac-
tuator device exerts physical force upon the user’s hand
or another user object whenever it is detected in the vi-
cinity of the real image, according to the position and
shape of the real image. In order to realize this, as an
example the above-mentioned user object actuator de-

vice might need to be equipped with a program that ac-
tuates the user object actuator device according to the
information obtained from the user object detecting
means.
[0013] As an exemplary realization of the user object
actuator device, a structure with a mechanical link mech-
anism might be considered. One example of such a link
mechanism might use the position information or the po-
sition and shape information obtained by the user object
detecting means as haptic information, to provide a feel-
ing of touching the floating real image (for example, the
product ’PHANTOM’ of SensAble Technologies, URL:
http://www.sensable.com/products-haptic-devic-
es.htm). It should be noted that when a link mechanism
is used, the information of the angles at each link joint
might be measured, and used to obtain the position in-
formation of the end point of the link mechanism.
[0014] Furthermore, as still another example of a user
object actuator device, airflow devices, that is, devices
generating airflow movements, might be used, among
them devices that eject air jets from narrow nozzles point-
ing to the users’ hand, or air bazookas that eject vortex
rings; according to the information about the position or
position and shape of the user object as obtained from
the user object detecting means.
[0015] The imaging optical system used in the present
invention consists of a plurality of unit optical elements,
each having at least one specular surface, capable of
reflecting light, and placed perpendicularly or nearly per-
pendicularly to the optical device plane that is operating
as a refracting surface; whereby due to the effect of the
unit optical elements, upon an object to be projected be-
ing placed to one side of the optical device plane, its real
image will be formed at the opposite side of the optical
device plane.
[0016] It is advantageous to consider the above-men-
tioned unit optical elements as being realized by mirror
surfaces, using the internal walls of optical holes pene-
trating the optical device plane. However, such a unit
optical element is only a simplified image, and it does not
necessarily correspond to shapes defined by physical
boundaries, inasmuch as it is possible for example to
realize the above-mentioned unit optical elements not as
independent single units but also in a continuous shape.
In case of an floating image interaction device of such a
construction, firstly by using the imaging optical device,
the light emitted from the object to be projected will be
reflected at least once from the mirror surfaces of each
unit optical element while being transmitted through the
optical device plane, whereupon a floating image will be
formed at the opposite side of the optical device plane.
With such an imaging method, light rays are bent at acute
angles due to the reflection on specular surfaces while
passing through the optical device plane, thus observa-
tion becomes possible at oblique directions with respect
to the optical device plane.
[0017] The unit optical elements are realized as mutu-
ally perpendicular pairs of specular surfaces, functioning
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as dihedral corner reflectors, thus constituting a dihedral
corner reflector array. In such case, the light emitted by
the object to be projected is reflected once each by the
two specular surfaces of each dihedral corner reflector,
thus forming an image at the opposite side of the optical
device plane at a position that is planar symmetric to the
position of the object to be projected with respect to the
optical device plane. By using an imaging method with
such a dihedral corner reflector array, for a two-dimen-
sional object to be projected a two-dimensional real im-
age will be formed, while for a three-dimensional object
to be projected a three-dimensional real image will be
formed, in each case a distortion-free real image being
projected. We should note that when the object to be
projected is a three-dimensional object, it will be reversed
along the depth direction; however, to correct the depth
reversal, the three-dimensional object or the three-di-
mensional image which are the object to be projected
might be constructed in a depth reversed manner; or as
another method, two imaging optical devices might be
used and the light from the object to be projected might
be transmitted sequentially through the two imaging op-
tical devices; thus correcting the above-mentioned depth
reversal.
[0018] In case of such floating image interaction de-
vice, by the placement of the user object detecting means
to a fixed position relatively to the refracting surface, it is
possible to determine in advance the relative position of
the refracting surface and the user object detecting
means, thus it becomes easy to determine the position
of the user object. Furthermore, if the position of the ob-
ject to be projected is also determined in advance, the
position of the real image can be readily calculated by
making use of the optical properties of the imaging optical
system, therefore it becomes possible to determine the
relative position of the real image and the user object.
[0019] In particular, as an exemplary realization of the
user object detecting means, it might consist of at least
one camera and an image processing device, whereas
the image processing device analyses the image ob-
tained by the camera in order to detect the position or
the position and shape of the user object. As already
mentioned above, it is possible to record also the image
of the real image by the camera, and determine the rel-
ative position of the user object and the real image by
image processing using the image processing device.
Furthermore, concerning the cameras, by placing at least
two cameras into fixed positions, it is possible to perform
a triangulating calculation by the image processing de-
vice, thus determining the three-dimensional positions of
each point of the user object, and thus obtaining infor-
mation about the shape of the user object. In case the
real image is also being recorded, it is possible to deter-
mine the three-dimensional position and shape of the
user object and the real image. Furthermore, by using at
least 3 cameras, it is possible to achieve position and
shape detection with even higher precision. As for the
method for position detection with cameras, any suitable

method might be used. For instance, in case when match-
ing points in camera images are used for distance meas-
urement, the texture of the user’s hand or user object
approaching the real image might be used for finding
matching points; or markers might be placed into appro-
priate positions and used as matching points; or another
method involves projecting grid lines or stripe patterns
apart from the object to be projected and its real image
to be used as matching points. In addition, it is possible
to use distance imaging based on TOF (Time of Flight)
methods. In case of recording a distance image, only one
camera is needed to measure three-dimensional position
and shape information. Upon obtaining measurement in-
formation about the three-dimensional position and
shape of the user object, a shape recognition means is
used to identify the shape of the user object. The shape
recognition means can be realized by a shape recogni-
tion program and a computer to run that program. For
instance, if the user object is the fingers of a hand, it
becomes possible to recognize when the thumb and the
index finger touch each other (for instance, when they
are virtually grasping the real image). Next, the recogni-
tion result of the shape recognition means is fed to the
action recognition means, whereupon the action of the
user is recognized from the temporal sequence of con-
secutive shape changes. Therefore, as an example it is
possible to recognize a pinching action from the se-
quence of the thumb and the index finger moving to touch
each other. By using such a recognition result, it becomes
possible to recognize the intention of the user as to grasp
the floating image; whereas by recording the relative po-
sition of the real image and the user’s hand in the moment
of grasping, in case the subsequent movement is with
the hand still in the grasping position, by modifying the
real image in such a way as to preserve the relative po-
sition, it becomes possible to express such an effect as
if the user has actually grasped the real image.
[0020] If according to the preceding paragraphs, at
least one camera is incorporated into the user object de-
tecting means, by placing those camera or cameras to
the same side of the refracting surface of the imaging
optical system with the object to be projected, those cam-
eras will be located in a position hidden from the user,
thus contributing to the miniaturization of the device itself,
as well as to the improvement of its external appearance.
[0021] The recording of the image of the user object
with cameras is possible directly through the refracting
surface. In particular, when the above-mentioned imag-
ing optical system consisting of a plurality of unit optical
elements is used, with one example being the dihedral
corner reflector array, by locating those cameras on the
same side of the optical device plane serving as the re-
fracting surface like the object to be projected, along lo-
cations from where the user object can be recorded
through the refracting surface without even a single re-
flection on the specular surfaces of the unit optical ele-
ments, it becomes possible to record directly through the
refracting surface with those cameras the user (user ob-
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ject) approaching the real image. The above-mentioned
effect is possible due to the existence of multiple oper-
ating modes according to the number of reflections for
the imaging optical device. Whereas the unit optical el-
ements are formed as specular surfaces on the internal
walls of optical holes, depending on the viewing direction,
light passing through those optical holes without any re-
flections might be observed, the observation being equiv-
alent to viewing an object simply through a multiplicity of
holes.
[0022] Furthermore, it is possible to place a half-mirror
between the refracting surface and the object to be pro-
jected, and locate the camera in such a position where
it can record the real image formed by the imaging optical
system from the image of the object to be projected as
reflected by the half-mirror. The imaging optical system
of the present invention, as explained in the preceding,
forms a real image of the object to be projected in a planar
symmetric position with respect to the refracting surface
of the imaging optical system; but since this effect is sym-
metric with respect to the refracting surface, as the user’s
hand or user object approaches the real image, the real
image of the user object will also be formed in a planar
symmetric position with respect to the refracting surface.
In that case, as the user object reaches the immediate
vicinity of the real image, the real image of the user object
will also appear in the immediate vicinity of the object to
be projected. Therefore if a half-mirror is placed between
the refracting surface and the object to be projected; or
more specifically, into the light path of the light rays emit-
ted by the user object between the refraction point on the
refracting surface and the point of image forming; then
the light rays will form a real image at a planar symmetric
position to the original position of the real image of the
user object with respect to the refracting surface; there-
fore the real image of the user object becomes separated
from the object to be projected. As a result, by recording
the real image of the user object as separated by the
half-mirror, it becomes possible to determine accurately
the position and shape of the user object without directly
recording it.
[0023] Furthermore, in case of using an imaging optical
system consisting of a plurality of unit optical elements,
with one example being the dihedral corner reflector ar-
ray, there is an image forming mode by single reflections
of light on the specular surfaces of the unit optical ele-
ments, thus cameras may be placed at positions where
the image of the user object might be recorded due to
the above-mentioned image.
[0024] Still further, the user (user object) can be simi-
larly recorded by locating the camera in positions from
where the user object might be recorded without the light
passing through the refracting surface. In concrete terms,
the periphery of the refracting surface might be penetrat-
ed by holes, and through those holes cameras would be
able to record from the same side as the object to be
projected the user (user object) approaching the real im-
age.

[0025] Apart from the above-mentioned methods of lo-
cating the camera, it is also possible to place the camera
to the same side of the refracting surface of the imaging
optical system as the real image, whereas detecting the
position of the user object or the user object together with
the real image will also be feasible. However, so far as
it desired to construct the system in a way as to hide the
presence of the camera from the user, due care must be
taken in designing the location of the camera.
[0026] Whenever the user object detecting means
makes use of cameras, it is recommended to apply at
least one distance detecting camera that is capable of
recording distance images. In that case, it becomes pos-
sible to measure the distance and direction to the user
object with a single camera, thus position detection will
be feasible with one camera. Furthermore, by using two
or more distance detecting camera, position measure-
ments with higher precision might also be achieved.
[0027] In the case of the above-mentioned floating im-
age interaction device, in order to preferably realize the
interaction between the floating real image and the user
(user object), the computer program that is used in that
device will be a program having an user object detection
procedure, and an user object information generating
procedure. The user object detection procedure makes
the above-mentioned user object detecting means meas-
ure the position or the position and shape of the user
object and using information based on that measure-
ment, determines the position or the position and shape
of the user object. Wherein the user object information
generating procedure, an information related to the po-
sition or the position and shape of the user object as
determined by the user object detection procedure is
generated for use by a suitable interaction program, such
interaction program controlling the user object based on
the position or the position and shape of the user object.
The user object detection procedure makes use of the
measurement results about the three-dimensional posi-
tion of the user object, or the three-dimensional position
of each point of the user object, obtained by the above-
mentioned user object detecting means; in order to de-
termine the position or the position and shape of the user
object. In particular, for the recognition of the shape of
the user object, it is possible to include a shape recog-
nition program into the program processing the user ob-
ject detection procedure, whereas for instance in the
case when the user object is the hand of the user ap-
proaching the real image, the shape of that hand might
be recognized, thus for instance the contact of the thumb
with the index finger (for instance, the situation of virtually
grasping the real image) becomes possible to recognize.
Furthermore, in case the movement of the user object is
also to be recognized based on the above-mentioned
shape recognition results, a movement recognition pro-
gram might also be incorporated into the user object de-
tection procedure, and by inputting the output information
of the user object detection procedure, it is possible to
recognize movement as a consecutive temporal se-
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quence of shape changes. By this method, it becomes
possible to recognize, as an example, the process of the
thumb and the index finger touching each other, thus to
recognize the above-mentioned grasping action. By us-
ing the above recognition results, it becomes possible to
recognize the intention of the user to grasp the floating
image and record the relative position of the real image
and the hand in the moment of grasping; thereafter as
long as the hand moves while maintaining the grasping
posture, by modifying the real image in such a manner
as to maintain the relative position, it becomes possible
to express the interaction effect of the user holding the
real image.

Effects Achieved by the Invention

[0028] The floating image interaction device of the
present invention is capable of forming a real image
(floating image) of the object to be projected irrespective
of whether the object to be projected is two-dimensional
or three-dimensional and whether it is a physical object
or a displayed image, due to making use of an imaging
optical device having specular surfaces arranged nearly
perpendicularly to the optical device plane, realized by
the above-mentioned unit optical elements; and further-
more it is possible to determine the three-dimensional
position of the user’s hand or such as it approaches the
floating image; thus it represents a great advance in the
art of interaction between users and floating images, as
realized by modifying floating images according to user
access. In particular, in case of using a plurality of cam-
eras as the user object detecting means, due to the ad-
vantageous choice of location for the cameras with re-
spect to the imaging optical system, it becomes easy to
reduce the size of the floating image interaction device
itself, thus facilitating its easy installation or relocation.

Brief Description of the Drawings

[0029]

Figure 1 is an outline drawing of the configuration of
the floating image interaction device of the first em-
bodiment of the present invention.
Figure 2 a plane drawing of the dihedral corner re-
flector array used by the first embodiment of the
present invention.
Figure 3 is an enlarged perspective drawing of one
portion of the dihedral corner reflector array of the
first embodiment of the present invention.
Figure 4 is a plane drawing showing schematically
the imaging process of
the dihedral corner reflector array of the first embod-
iment of the present invention.
Figure 5 is a side view drawing showing schemati-
cally the imaging process of the dihedral corner re-
flector array of the first embodiment of the present
invention.

Figure 6 is a perspective drawing showing schemat-
ically the imaging process of the dihedral corner re-
flector array of the first embodiment of the present
invention.
Figure 7 is a flowchart showing one exemplary real-
ization of the processing by the program used in the
first embodiment of the present invention.
Figure 8 is a drawing of another configuration of the
floating image interaction device of the first embod-
iment of the present invention.
Figure 9 is a drawing of still another configuration of
the floating image interaction device of the first em-
bodiment of the present invention.
Figure 10 is a perspective drawing of another exam-
ple of a dihedral corner reflector array applicable for
the first embodiment of the present invention.
Figure 11 is a side view drawing showing schemat-
ically an example of the process of recording the real
image of the user using a half-mirror as used by a
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Hereinafter, preferred embodiments of the
present invention are described below with reference to
the drawings.
[0031] <First Embodiment> The first embodiment of
the present invention is a floating image interaction de-
vice 1 with its basic structure shown schematically in Fig.
1. This floating image interaction device 1 has a substrate
31 equipped with a real mirror imaging optical device 3
(hereafter called ’dihedral corner reflector array’) con-
structed of a plurality of dihedral corner reflectors 2; an
enclosure 4 having that substrate 31 as its lid; two cam-
eras 51 located in the interior of enclosure 4; and an
image processing device 52 connected to cameras 51.
The two cameras 51 and the image processing device
52 together constitute the user object detecting means
5. The object to be projected O that becomes the origin
of the real image projected to the space above substrate
11 is placed inside enclosure 4. Since the dihedral corner
reflector 2 is extremely small compared with the whole
of the dihedral corner reflector array 3, in Fig. 1 the whole
set of the dihedral corner reflectors 2 is indicated by grey
shading.
[0032] The object to be projected O might be chosen
to be any of the following: an (effectively) two-dimension-
al object such as an image drawn on paper; a three-
dimensional object; or a two-dimensional or three-dimen-
sional displayed image. In case a physical object is cho-
sen as the object to be projected, and it does not have
itself light emitting capability, then lighting fixtures (not
shown in the drawing) might be placed inside the enclo-
sure 4 in order to illuminate the object to be projected O.
On the other hand, in the case when the object to be
projected O is a displayed image, screens or displays
(not shown in the drawing) might be placed inside the
enclosure 4, and if necessary, in order to project images
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on those screens or displays, projector devices or com-
puters might be connected.
[0033] The dihedral corner reflector array 3 as shown
in Fig. 2 is constructed by preparing a plurality of holes
32 penetrating perpendicularly the flat surface of sub-
strate 31 in the thickness direction, and equipping two
mutually perpendicular inner walls of each of those holes
with two specular surfaces 21 and 22, in order to render
each hole 32 into a dihedral corner reflector 2.
[0034] Substrate 31 has the form of a thin slab with a
thickness between 50 to 200 um; in the present embod-
iment it is set to 100 um thickness; while in the present
embodiment we use a flat square shape with each side
having the same dimension of 5 cm, the thickness and
lateral dimensions of substrate 31 are not restricted to
the above-mentioned dimensions, but might be chosen
appropriately as desired. As shown in detail A of Fig. 2,
shown enlarged in Fig. 3, each dihedral corner reflector
2 is created by preparing physical and optical holes pen-
etrating substrate 31 in order to allow light to be trans-
mitted. In the present embodiment, firstly a plurality of
rectangular (in the present example, square) holes 32
are prepared across substrate 31; then for each hole 32
a pair of adjacent inner walls are prepared with flat mirror
finish into specular surfaces 21 and 22; thus those spec-
ular surfaces 21 and 22 serving as the dihedral corner
reflectors 2. It is preferable for other parts of hole 32 be-
sides those used for the dihedral corner reflector 2 to be
processed into non-reflecting surfaces instead of prepar-
ing them with mirror finish, or to tilt them, or use other
methods in order to avoid multiple reflections. Each di-
hedral corner reflector 2 is made in such a way so that
the direction of the inner angle enclosed by the specular
surfaces 21 and 22 along substrate 31 points in the same
direction. Hereafter the direction of the angle between
the specular surfaces 21 and 22 shall be called the di-
rection (aspect) of the dihedral corner reflector array 3.
Regarding the manufacturing of specular surfaces 21
and 22, in the present embodiment firstly a metal mold
is prepared, then the inner walls for the specular surfaces
21 and 22 are processed by nanoscale cutting into mirror
surfaces, with a surface roughness not exceeding 10 nm,
to serve as uniform specular surfaces for the entire band
of the visible spectrum.
[0035] In concrete terms, the specular surfaces 21 and
22 of each dihedral corner reflector 2 might have a side
length of 50 to 200 um, in case of the present embodiment
they are set to 100 um to match the thickness of substrate
31; after the metal mold has been manufactured it is used
in a nanoscale pressing process called nano-imprint
process or in an electroforming process, so that in a sin-
gle substrate 21 a plurality of dihedral corner reflectors
2 shall be formed. In the present embodiment each side
of the dihedral corner reflectors 2 of the dihedral corner
reflector array 3, those sides forming a V shape along
the optical device plane 3S, is arranged at 45 degrees
with respect to the width and depth of substrate 31, and
all of the dihedral corner reflectors 2 are located along

the grid points of an imaginary mesh laid on the optical
device plane 3S facing in the same direction. By making
the distance between two adjacent dihedral corner re-
flector 2 as small as possible, the light transmittivity of
can be improved. Furthermore, those regions of sub-
strate 31 without dihedral corner reflectors 2 are treated
with light absorbing coating, and thin transparent rein-
forcing plates, not shown in the drawing, are placed on
the top and bottom surfaces of substrate 31. In the
present embodiment a dihedral corner reflector array 3
with several tens or hundreds of thousands of dihedral
corner reflectors 2 is employed.
[0036] In case substrate 31 is manufactured by elec-
troforming from metals like aluminum, nickel, or such,
when the surface roughness of the specular surfaces 21
and 22 on the mold is sufficiently low, they become nat-
urally mirror surfaces. On the other hand, if substrate 31
is manufactured from plastic or such using nano-imprint
technology, it might be necessary to prepare mirror sur-
face coatings by sputtering or such in order to create the
specular surfaces 21 and 22.
[0037] When dihedral corner reflectors 2 are created
along substrate 31 in the above-mentioned manner, they
shall have the property that light entering a hole 32 from
the bottom (or top) side of substrate 31 shall be reflected
from one of the specular surfaces (21 or 22), then the
reflected light shall be once more reflected by the other
specular surface (22 or 21), thus passing through to the
top (or bottom) side of substrate 31; when viewing from
the side the path of that light, the entrance light path and
the exit light path will be planar symmetric with respect
to the substrate 31 (optical device plane 3S) between
them, therefore by preparing in the above-mentioned
manner a multitude of dihedral corner reflectors 2 along
substrate 31, they will behave as a dihedral corner re-
flector array 3. Therefore the optical device plane 3S (as-
suming a plane passing through the center of substrate
31 in its thickness direction, perpendicularly to each
specular surface, indicated by an imaginary line in the
drawing) shall be a plane across which the floating real
image P (see Fig.1) of the object to be projected O that
is placed to one side of substrate 31 shall be formed on
the other side in a planar symmetric position. In the
present embodiment the optical device plane 3S of the
dihedral corner reflector array 3 is employed as a refract-
ing surface across which the light paths passing through
the dihedral corner reflector array 3 are being bent.
[0038] Hereafter the process of imaging by a dihedral
corner reflector array 3 of the present embodiment shall
be explained together with the light path of lights emitted
from the object to be projected O. As shown in a plane
drawing in Fig. 4 and in a side view drawing in Fig. 5,
light (in the direction of the arrow, indicated by solid line;
in Fig.4, in a three-dimensional sense passing from the
space behind the paper to the space above it) emitted
from the object to be projected O (indicated by a point in
the drawings) as passing through the hole 32 prepared
in the substrate 3 for the dihedral corner reflector array
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3, shall be reflected once from one specular surface 21
(or 22) forming the dihedral corner reflector 2, then again
reflected (reflected light paths indicated by broken lines)
from the other specular surface 22 (or 21), therefore in
a planar symmetric position to the object to be projected
O with respect to the optical device plane 3S of the di-
hedral corner reflector array 3, will form the real image
P of the object to be projected O. The real image P as
shown in Fig.6 will be observable from oblique directions
(the direction of the arrow in the drawing) with respect to
the substrate 31, in such positions where the specular
surfaces 21 and 22 of the dihedral corner reflectors 2 of
the dihedral corner reflector array 3 are visible. More spe-
cifically, as light is reflected by two mutually perpendic-
ular specular surfaces 21 and 22, among the components
of the light direction, the component that is parallel to the
surface of substrate 31 (in other words, the component
that is parallel to the optical device plane 3S) shall return
in the direction from where it came, whereas the compo-
nent that is parallel to the surface of the specular surfaces
21 and 22 shall be preserved as it was. As a result, light
passing through the dihedral corner reflector array 3 with
two reflections shall always pass through a point in a
planar symmetric position with respect to the optical de-
vice plane 3S. Therefore as light is being emitted in every
direction from the object to be projected O as a light
source, insofar as those light rays are reflected twice by
the dihedral corner reflectors 2 while passing through the
dihedral corner reflector array 3, all of them will converge
in the same point making it a focus point.
[0039] As explained above, light passing through the
dihedral corner reflector array 3 while being reflected
twice shall be focused to a planar symmetric point, there-
fore focus points will be possible in a wide range along
the depth direction (in the direction perpendicular to the
optical device plane 3S). It should be noted that while in
Fig.4 the entering and exiting light paths are shown par-
allel to each other, this happens due to the dihedral corner
reflector 2 being shown in the drawing at an exaggerated
size compared with the object to be projected O; in reality,
each dihedral corner reflector 2 has extremely small size,
therefore when the dihedral corner reflector array 3 is
seen from above similarly to the drawing, the entering
and exiting light paths will nearly overlap each other. Ef-
fectively, transmitted light will converge at a point in a
planar symmetric position from the object to be projected
O with respect to the optical device plane 3S, thus in Fig.
5 at position P a real mirror image shall be formed. Thus
when as the object to be projected O a three-dimensional
object or a three-dimensional image is placed in the
space under the substrate 31, a real image P will appear
floating above substrate 31. However, in the real image
P the concave and convex features are reversed; to pre-
vent such reversal of convexity and concavity in the real
image P, it is preferable to prepare the object to be pro-
jected O with convex and concave features already re-
versed; or alternately, two dihedral corner reflector arrays
3 might be used above each other placed at an appro-

priate distance.
[0040] For the two cameras 51, for instance digital
cameras with solid state imaging devices like CCD or
CMOS or such might be used. Those cameras 51 might
be located at fixed positions inside the enclosure 4
around the object to be projected O facing in the direction
of the real image P, so that they can record the light pass-
ing directly through the holes 32 in the substrate 31 (direct
light) from the area around the real image P that is to be
observed. Therefore, the user (the user object) U access-
ing the real image P (see Fig. 1) is recorded by cameras
51. It should be noted that inasmuch the real image P is
projected in the upwards direction, cameras 51 located
inside the enclosure 4 shall not record the real image P,
only the user (user object) U.
[0041] Thereafter, the image recorded by the cameras
51 is inputted to the image processing device 52. In the
image processing device 52 an image processing pro-
gram and an user object recognition program is running,
and based on the image recorded by cameras 51, the
image of the user (user object) will be found (in the flow-
chart of Fig.7, see step S1), and in the region of triangu-
lating measurement, the three-dimensional position of
each point of the user (user object) will determined (step
S2).
[0042] In case when the position of the dihedral corner
reflector array 3 and the position of the object to be pro-
jected O are known with respect to the enclosure 4, mak-
ing use of the rule that the real image P always appears
in a planar symmetric position to the object to be project-
ed O with respect to the optical device plane 3S, the
three-dimensional position of the real image P can be
calculated.
[0043] Furthermore, by the appropriate placement of
cameras 51, it becomes possible to use not the direct
light from the user (user object) U but instead to make
use of the image formed due to light reflected once from
one of the specular surfaces 21 or 22 of the dihedral
corner reflectors 2 (single-reflection light) to observe the
user (user object) U. Although the image is not formed
at a planar symmetric position, still its position obeys cer-
tain rules, thus it is possible to calculate it in advance,
and therefore the position of the user (user object) U can
be determined. Insomuch as the observation of the user
(user object) U becomes possible from a different direc-
tion than in the case of using direct light, the current meth-
od might be advantageous in situations when the shape
or position of the object to be projected O makes obser-
vation with direct light difficult.
[0044] By using the information about the three-dimen-
sional position of the user (user object) U (or in addition
the information about the three-dimensional position of
the real image P) obtained by the aforementioned proc-
ess, the shape recognition program that forms a part of
the user object detection procedure performs appropriate
calculations on it, and the determination of the shape of
the user (user object) U is executed (step S3 in the flow-
chart). Furthermore, recognition of actions of the user
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(user object) U (such as grasping, pinching, stroking and
so on) is performed. In order to realize feedback such as
modification of the real image and response to the user
(user object) U, a movement recognition program is in-
corporated as one component of the user object detec-
tion procedure, and based on the consecutive temporal
sequence of the recognition results received from the
shape recognition program, actions of the user are de-
termined (step S4 in the flowchart). In such a case when
the shape recognition and action recognition of the user
(user object) U are not required, in step S2 of the flowchart
only the three-dimensional position of the user (user ob-
ject) U needs to be performed, and the shape recognition
step S3 and the action recognition step S4 might be omit-
ted. Furthermore, if an appropriate control program con-
trols the object to be projected O that is for instance a
physical object or a displayed image, the results are fed
to the control program (step S5). The above-mentioned
control program might be a program that in responding
to access by the user (user object) U to the real image
P, modifies the shape or position of the object to be pro-
jected O, and might be realized as a program forming
part of the real image modifying means introduced later,
or as a program controlling the user object actuating de-
vice. In particular, when the object to be projected O is
a displayed image, the control program might work by
changing the displayed image of the object to be project-
ed O into some other image. In case both the position
and the shape of the user (user object) U is to be used,
in step S3 information about the three-dimensional posi-
tions of each point of the user (user object) U might be
generated, and after recognition of the user (user object)
U is performed based on that information, output for the
control program can be executed. As for the shape rec-
ognition program, generally used pattern recognition al-
gorithms might be used.
[0045] As elaborated in the preceding, by using the
floating image interaction device of the present embod-
iment according the above-mentioned method, insofar
as the real image P of the object to be projected O can
be projected in a two-dimensional or two-dimensional
manner into the space above the optical device plane
3S, the three-dimensional position of the user (user ob-
ject) U accessing the real image P is readily determined.
Therefore, for instance by using the three-dimensional
position information of the user (user object) U to be proc-
essed by the program controlling the movement of the
object to be projected O, it becomes readily possible to
move or modify the object to be projected O or its real
image P according to the position of the user (user object)
U, therefore the virtual interaction between the real image
P and the user (user object) U is readily realized. Fur-
thermore, inasmuch as with the floating image interaction
device 1 it is not necessary to affix any sensor device to
the user (user object) U to determine its three-dimension-
al position, for instance even for a passing-by user wish-
ing to use the floating image interaction device 1, using
it is possible without any hindrances. Furthermore, since

it is not needed to place infrared sensor pairs around the
floating image interaction device 1 to determine the po-
sition of the user (user object) U, the floating image in-
teraction device 1 might be constructed in a compact
size, making its installation or relocation easy.
[0046] It should be mentioned that the present embod-
iment is not restricted to the above-mentioned realization.
For instance, it is possible to change the location for the
cameras 51 used in the above-mentioned embodiment
for the user object detecting means 5 as described in the
following. For instance, for the floating image interaction
device 1’ as shown in Fig. 8, if it is feasible to open two
small holes 33 around the periphery of the dihedral corner
reflector array 3, those holes 33 might be constructed in
order to allow the cameras 51 to observe the user (user
object) U through them. In such a case, the cameras 51
should be located with such an attitude that they can
observe the surroundings of the real image P. By the
above method, it becomes possible for the cameras 51
to record the image of the user (user object) U directly,
thus undesired effects of stray lights or blurring due to
the light passing through the dihedral corner reflector ar-
ray 3 can be prevented. Furthermore, for the floating im-
age interaction device 1" as shown in Fig. 8, it is possible
to use a configuration with the cameras 51 located in the
space above the substrate 31. In the example shown in
the above drawing, a configuration is shown where the
cameras 51 observe the surrounding area of the real im-
age P at an angle from above, with the cameras being
placed on supports that are not shown in the drawing;
however, with this configuration it is also possible to lo-
cate the cameras 51 in such a manner that they observe
the surrounding area of the real image P at an angle from
below. In such a case it is also possible to record the
image of the user (user object) U directly, thus undesired
effects due to the light passing through the dihedral cor-
ner reflector array 3 can be prevented.
[0047] Furthermore, in order to realize the dihedral cor-
ner reflectors 2 constituting a dihedral corner reflector
array 3, it is enough to have two mutually perpendicular
specular surfaces; thus for such specular surfaces a
plane of a reflecting material with mirror-grade finish or
with mirror coating might be used, or the boundary be-
tween two transparent materials with different refracting
indices that cause total internal reflection and having mir-
ror-grade surface quality might also be used. More con-
cretely, in the above-mentioned embodiment, for the di-
hedral corner reflector array 3, as an example the dihe-
dral corner reflectors 2 were realized by creating optical
holes by square holes penetrating the thin slab shaped
substrate 31, and equipping two adjacent inner walls of
the holes with specular surfaces 21 and 22; however, as
an alternative to the above-mentioned configuration, as
shown in Fig.10, transparent tubular bodies jutting out
from the surface of substrate 31’ in its thickness direction
might be used to realize the unit optical elements 2’, and
by arranging a multitude of the tubular bodies in a rec-
tangular mesh pattern, a dihedral corner reflector array
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3’ might be realized. In that case, the mutually perpen-
dicular first inner surface and second inner surface can
serve as the specular surfaces 21’ and 22’, thus consti-
tuting the dihedral corner reflector 2’. In that case, simi-
larly to the case of the preceding embodiment, the light
being reflected twice by the dihedral corner reflector 2’
passes through a planar symmetric point with respect to
the surface of the substrate 31’, that is, to the optical
device plane 3S’; thus in a suitable spatial region not only
two-dimensional but also three-dimensional images can
be formed. Furthermore, by making the walls of the tu-
bular bodies other than those used for surfaces 21’ and
22’, that is the walls 23’ and 24’ into non-reflecting sur-
faces, or equipping them with a non-perpendicular tilting
angle with respect to the optical device plane 3S’, un-
wanted reflections can be prevented, resulting in a clear-
er image. Furthermore, the two specular surfaces 21’ and
22’ constituting the dihedral corner reflector 2’ might use
total internal reflection, or alternately they might be proc-
essed with mirror coating. In particular, when the spec-
ular surfaces 21’ and 22’ operate by the principle of total
internal reflection, insofar as total internal reflection has
a critical angle, it can be expected that multiple reflections
will be less likely to occur. Furthermore, by equipping the
surfaces of the tubular bodies that are to be used as
specular surfaces with metallic mirror coatings, adjacent
tubular bodies might be bonded together. In that case it
becomes necessary to equip the other surfaces besides
the specular surfaces with some non-reflecting coating;
however, the aperture ratio will be improved, resulting in
a dihedral corner reflector array with excellent light trans-
mission properties.
[0048] Furthermore, as for the two specular surfaces
constituting the dihedral corner reflectors 2, so far as two
mutually perpendicular mirror surfaces can be prepared,
it is not necessary for them to touch each other, but might
be arranged with a gap between them; furthermore, in
case of the aforementioned holes or tubular bodies, there
is no constraint on the angle between the two specular
surfaces constituting the dihedral corner reflectors and
the other surfaces. For the unit optical elements, shapes
having planar projections of other polygons besides rec-
tangles, or triangles, or shapes where the external ends
of the two specular surfaces are connected with a shape
having an approximately circular arc as a planar projec-
tion, or such, might also be used. It should be noted that
using a shape with planar projection of a right triangle as
the unit optical elements means using a right prism for
the unit optical elements.
[0049] <Second Embodiment> Furthermore, in case
of the present invention, it is possible not only to record
by cameras the user (user object) and thus determine its
position or shape, but also to use a configuration where
a half-mirror is used to separate the real image of the
user (user object) formed by the imaging optical system
from the object to be projected, and thus to determine
the position or shape of the user (user object). For in-
stance Fig.11 is a schematic drawing of the floating image

interaction device 1"" as a second embodiment of the
present invention, whereas a dihedral corner reflector
array 3 is used as the imaging optical system similarly to
the case of the first embodiment. As shown in the draw-
ing, the light emitted by the object to be projected O is
reflected twice by each dihedral corner reflector 2 of the
dihedral corner reflector array 3, and passes through the
optical device plane 3S while being refracted, thus form-
ing a real image P at the opposite side of the optical
device plane 3S at a planar symmetric position to the
object to be projected O with respect to the optical device
plane 3S. The above-mentioned imaging process of the
dihedral corner reflector array 3 is symmetrical with re-
spect to the optical device plane 3S. Therefore the light
emitted by the user (user object) U approaching the real
image P will also be reflected twice by each dihedral cor-
ner reflector 2 of the dihedral corner reflector array 3,
thus forming a real image V at a planar symmetric position
with respect to the optical device plane 3S. However, it
must be noted that depending on the relative position of
the user (user object) U and the real image P, the real
image V might be occluded by the object to be projected
O, and the imaging might be partial or might not happen
at all. Therefore in the present example, a half-mirror 9
is placed between the optical device plane 3S and the
object to be projected O; or more specifically, in a section
of the light path originating in the user (user object) U
and refracted at the optical device plane 3S, the section
being between the refraction point and the real image V.
In the example shown in the drawing, an arrangement is
shown where the half-mirror 9 is nearly perpendicular to
the optical device plane 3S; however, the angle of the
half-mirror 9 with respect to the optical device plane 3S
can be changed as desired. Inasmuch as the light from
the object to be projected O passes in a straight line
through the half-mirror 9, it does not interfere with the
forming of the real image P. In that way, by the inclusion
of the half-mirror 9, the light from the user (user object)
U shall be transmitted through the optical device plane
3S while being reflected twice on each dihedral corner
reflector 2 of the dihedral corner reflector array 3, and
part of the transmitted light shall be reflected by the half-
mirror 9, forming a real image V’ of the real image V at
a planar symmetric position with respect to the half-mirror
9. By recording the real image V’ with cameras 51, it
becomes possible to determine the position and shape
of the user (user object). Furthermore, by adjusting the
inclination of the half-mirror 9, it is possible to arrange it
in a way so that when the real image V’ is recorded with
cameras 51, the object to be projected O will not overlap
the real image in the background, thus the position and
shape of the real image V’ can be determined in a state
when it is separated from the object to be projected O.
[0050] Furthermore, for the present invention the de-
termination of the position of the user (user object) ac-
cessing the floating image can be realized not only by
cameras, but other methods like position detection using
laser scanners; position determination by sensing the link
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angles of a link mechanism; magnetic sensors; ultrasonic
sensors; electromagnetic wave position sensors; or
such.
[0051] Furthermore, when the three-dimensional rela-
tive position of the real image P and the user (user object)
U is determined, for its feedback to the virtual interaction
between the user (user object) U and the real image P,
it is possible to equip the floating image interaction device
with a real image modifying means capable of modifying
the real image P. To realize the above real image mod-
ifying means, it is preferable to use a displayed image
for the object to be projected O as mentioned above, and
incorporate dynamic changes to the object to be project-
ed O into the program controlling the displayed image.
In concrete terms, for instance as a means for modifying
the real image according to the position and shape of the
user (user object) U, it is possible to measure the position
of points on the user (user object) U and determine the
three-dimensional position and shape of the user (user
object) U from that; then perform shape recognition of
the user (user object) U from that shape information; fur-
thermore, perform action recognition from the recognized
shape data; therefore classify actions of the user (user
object) U such as grasping, pinching, or stroking the real
image P. Thereupon it becomes possible to use the
measured position information and the relative position
with the real image, as well as the shape and action in-
formation, to perform appropriate modifications on the
object to be projected O, in order to cause it to change,
thereby realizing the interaction between the user (user
object) U and the real image P.
[0052] Furthermore, as another means for realizing
feedback by interaction, it is possible to incorporate into
the floating image interaction device in addition to, or
separately from the above-mentioned real image modi-
fying means, an user object actuator means that is ca-
pable of exerting force on physical objects. As an exam-
ple of an user object actuator means, for instance it is
possible to use the above-mentioned link mechanism
with its manipulator being held and pointed by the user,
and in addition of using it for position sensing, also use
it to exert force, causing reaction force to be exerted on
the user’s hand, therefore realizing the force feedback.
In that case, insofar as the length of each segment of the
link mechanism will be known, by using the angular in-
formation between the links up to the link held in the hand
of the user while accessing the real image P, the coor-
dinates of the end point of the link mechanism (thus of
the user’s hand) might be calculated. Furthermore, as
another example of an user object actuator means, it is
possible to apply an air jet generating device to direct
airflow to the hand of the user. In that case, for instance
in the vicinity of the refracting surface of the above-men-
tioned exemplary embodiments (for instance, in the lids
31 or 71) holes might be opened, and air nozzles might
be installed for ejecting vortex rings or air jets in order to
generate air flow; thereupon when information is ob-
tained from the user object detecting means that the us-

er’s hand has accessed the real image, air flow might be
generated, thereby causing haptic sensation for the user.
It is preferable to use such air nozzles that are equipped
with direction controllers (for the angles of the azimuth
and elevation), capable of directing air flow at the user’s
hand as its position is detected, with the benefit that in
this case, in contrast with the above-mentioned case
when a link mechanism is used, there is no need for the
user to be wearing any equipment. In addition, other pos-
sible user object actuator means include using force
feedback by wires affixed to the user (user object) U while
accessing the real image P; or haptic feedback by vibra-
tion motors affixed to the user (user object) U; or such.
[0053] Furthermore, we note that details of the com-
ponents are not restricted to the examples shown in the
exemplary embodiments above, but might be determined
in many similar ways in accordance with the scope of the
claims.

Industrial Applicability

[0054] The floating image interaction device of the
present invention is applicable as an imaging device al-
lowing the interaction between floating images and users;
or as an attractions equipment; or as an educational
equipment; or as a medical equipment; or in such other
fields.

Claims

1. A floating image interaction device (1; 1’; 1"; 1""),
comprising:

an imaging optical system (3; 3’) including a re-
fracting surface whereby paths of light rays are
bent at a plane (3S; 3S’), whereby for an object
to be projected (O) placed to one side of said
refracting surface, said imaging optical system
(3; 3’; 6) forms a real image (P) of said object
on the opposite side of said refracting surface
with front and back being reversed, wherein
said imaging optical system (3; 3’) is realized by
an imaging optical device comprising of a plu-
rality of unit optical elements (2; 2’) realized by
dihedral corner reflectors consisting of pairs of
mutually perpendicular specular surfaces (21,
22; 21’, 22’) reflecting light and arranged per-
pendicularly or nearly perpendicularly to an op-
tical device plane (3S; 3S’) corresponding to
said refracting surface, thereby functioning as a
dihedral corner reflector array, whereby for the
object to be projected (O) placed to one side of
said optical device plane (3S; 3S’), its real image
(P) will be formed on the opposite side of said
optical device plane (3S; 3S’) by said plurality
of unit optical elements (2; 2’),
characterized by
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a user object detecting means (5) capable of
measuring the position, or the position and
shape of a user object (U) approaching said real
image (P) and detecting the position, or position
and shape of said user object (U) by using in-
formation based on that measurement; and
a real image modifying means capable of using
the position, or position and shape of said user
object (U) as detected by said user object de-
tecting means (5) to modify said real image (P)
in order to follow the position, or position and
shape of said user object (U) in relation with said
real image (P).

2. A floating image interaction device according to
Claim 1, further comprising an object actuator
means, wherein the position, or position and shape
of said user object (U) as detected by said user object
detecting means (5) is used to exert force on said
user object (U).

3. A floating image interaction device according to
Claim 2, wherein said object actuator means com-
prises a mechanical link mechanism.

4. A floating image interaction device according to ei-
ther of Claims 2 or 3, wherein said object actuator
means comprises an air flow generating device.

5. A floating image interaction device according to any
of Claims 1 through 4, wherein said user object de-
tecting means (5) is located in a fixed position with
respect to said refracting surface.

6. A floating image interaction device according to any
of Claims 1 through 5, wherein said user object de-
tecting means (5) comprises of at least one camera
(51), and an image processing device (52) capable
of determining the position, or the position and shape
of said object (O) from images recorded by said cam-
era (51).

7. A floating image interaction device (1; 1’; 1"") accord-
ing to Claim 6, wherein said camera (51) is located
on the same side of said refracting surface as said
object to be projected (O).

8. A floating image interaction device (1") according to
Claim 7, wherein said camera (51) is located in such
a position so that it can observe said object to be
projected (O) directly through said refracting surface.

9. A floating image interaction device (1"") according
to Claim 7, wherein a half-mirror (9) is placed be-
tween said refracting surface and said object to be
projected (O), and furthermore said camera (51) is
located in such a position so that it can observe the
real image (V’) of said object to be projected (O) as

formed by said imaging optical system (3), and re-
flected by said half-mirror (9).

10. A floating image interaction device (1) according to
any of Claims 1 through 4, wherein said user object
detecting means (5) comprises of at least one cam-
era (51), and an image processing device (52) ca-
pable of determining the position, or the position and
shape of said user object (U) from images recorded
by said camera (51), and said camera (51) is located
in such a position so that it can observe light emitted
from said user object (U) and reflected only once by
said unit optical elements (2).

11. A floating image interaction device (1’; 1") according
to Claim 6, wherein
said camera (51) is located in such a position so that
it can observe directly said user object (U) without
the light passing through said refracting surface, or
said camera (51) is located on the same side of said
refracting surface as said real image (P).

12. A floating image interaction device according to any
of Claims 6 through 11, wherein at least one of said
cameras (51) is a distance detecting camera.

Patentansprüche

1. Interaktionsvorrichtung für schwebendes Bild (1; 1’;
1"; 1""), mit:

einem optischen Abbildungssystem (3; 3’), das
eine lichtbrechende Oberfläche aufweist, wo-
durch Wege von Lichtstrahlen an einer Ebene
(3S; 3S’) gebeugt werden, wodurch das opti-
sche Abbildungssystem (3; 3’; 6) für ein zu pro-
jizierendes Objekt (O), das an einer Seite der
lichtbrechenden Oberfläche platziert wird, ein
reelles Bild (P) auf der gegenüberliegenden Sei-
te der lichtbrechenden Oberfläche mit umge-
kehrter Vorder- und Hinterseite erzeugt, wobei
das optische Abbildungssystem (3; 3’) durch ei-
ne optische Abbildungsvorrichtung realisiert
wird, die eine Vielzahl optischer Einheitsele-
mente (2; 2’) umfasst, die durch Reflektoren mit
zweiflächiger Ecke realisiert werden, die aus
Paaren rechtwinklig zueinander liegender spie-
gelnder Oberflächen (21, 22; 21’, 22’) bestehen,
die Licht reflektieren und rechtwinklig oder bei-
nahe rechtwinklig zu einer optischen Vorrich-
tungsebene (3S; 3S’) liegen, die der lichtbre-
chenden Oberfläche entspricht, wodurch sie als
eine Anordnung von Reflektoren mit zweiflächi-
ger Ecke fungieren, wodurch für das zu projizie-
rende Objekt (O), das an einer Seite der opti-
schen Vorrichtungsebene (3S; 3S’) platziert
wird, sein reelles Bild (P) durch die Vielzahl op-
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tischer Einheitselemente (2; 2’) auf der gegen-
überliegenden Seite der optischen Vorrich-
tungsebene (3S; 3S’) erzeugt werden wird,
eine Benutzerobjekt-Erfassungseinrichtung (5),
die dazu imstande ist, die Position oder die Po-
sition und Form eines Benutzerobjekts (U) zu
messen, das sich dem reellen Bild (P) nähert,
und die Position oder Position und Form des Be-
nutzerobjekts (U) zu erfassen, indem sie Infor-
mationen verwendet, die auf dieser Messung
beruhen; und
eine das reelle Bild modifizierende Einrichtung,
die dazu imstande ist, die Position oder Position
und Form des Benutzerobjekts (U) wie von der
Benutzerobjekt-Erfassungseinrichtung (5) er-
fasst zu verwenden, um das reelle Bild (P) zu
modifizieren, um der Position oder Position und
Form des Benutzerobjekts (U) in Bezug auf das
reelle Bild (P) zu folgen.

2. Interaktionsvorrichtung für schwebendes Bild nach
Anspruch 1, die außerdem eine Objekt-Aktuatorein-
richtung umfasst, wobei die Position oder Position
und Form des Benutzerobjekts (U) wie von der Be-
nutzerobjekt-Erfassungseinrichtung (5) erfasst ver-
wendet wird, um auf dem Benutzerobjekt (U) eine
Kraft auszuüben.

3. Interaktionsvorrichtung für schwebendes Bild nach
Anspruch 2, wobei die Objekt-Aktuatoreinrichtung
einen mechanischen Verbindungsmechanismus
umfasst.

4. Interaktionsvorrichtung für schwebendes Bild nach
entweder Anspruch 2 oder 3, wobei die Objekt-Ak-
tuatoreinrichtung eine Luftstromerzeugungsvorrich-
tung umfasst.

5. Interaktionsvorrichtung für schwebendes Bild nach
einem der Ansprüche 1 bis 4, wobei sich die Benut-
zerobjekt-Erfassungseinrichtung (5) bezüglich der
lichtbrechenden Oberfläche an einer festen Position
befindet.

6. Interaktionsvorrichtung für schwebendes Bild nach
einem der Ansprüche 1 bis 5, wobei die Benutzer-
objekt-Erfassungseinrichtung (5) mindestens eine
Kamera (51) und eine Bildverarbeitungsvorrichtung
(52) umfasst, die dazu imstande ist, anhand von Bil-
dern, die von der Kamera (51) aufgezeichnet wer-
den, die Position oder die Position und Form des
Objekts (O) zu bestimmen.

7. Interaktionsvorrichtung für schwebendes Bild (1; 1’;
1"") nach Anspruch 6, wobei sich die Kamera (51)
auf der gleichen Seite der lichtbrechenden Oberflä-
che wie das zu projizierende Objekt (O) befindet.

8. Interaktionsvorrichtung für schwebendes Bild (1")
nach Anspruch 7, wobei sich die Kamera (51) an
einer derartigen Position befindet, dass sie das zu
projizierende Objekt (O) direkt durch die lichtbre-
chende Oberfläche hindurch beobachten kann.

9. Interaktionsvorrichtung für schwebendes Bild (1"")
nach Anspruch 7, wobei zwischen der lichtbrechen-
den Oberfläche und dem zu projizierenden Objekt
(O) ein Halbspiegel (9) platziert ist und sich die Ka-
mera (51) darüber hinaus an einer solchen Position
befindet, dass sie das reelle Bild (V’) des zu projizie-
renden Objekts (O) wie von dem optischen Abbil-
dungssystem (3) erzeugt und von dem Halbspiegel
(9) reflektiert beobachten kann.

10. Interaktionsvorrichtung für schwebendes Bild (1)
nach einem der Ansprüche 1 bis 4, wobei die Benut-
zerobjekt-Erfassungseinrichtung (5) mindestens ei-
ne Kamera (51) und eine Bildverarbeitungsvorrich-
tung (52) umfasst, die dazu imstande ist, die Position
oder die Position und Form des Benutzerobjekts (O)
anhand von Bildern zu bestimmen, die von der Ka-
mera (51) aufgezeichnet werden, und sich die Ka-
mera (51) an einer solchen Position befindet, dass
sie Licht beobachtet, das von dem Benutzerobjekt
(U) abgegeben und von den optischen Einheitsele-
menten (2) nur einmal reflektiert wurde.

11. Interaktionsvorrichtung für schwebendes Bild (1’; 1")
nach Anspruch 6, wobei
sich die Kamera (51) an einer derartigen Position
befindet, dass sie das Benutzerobjekt (U) direkt be-
obachten kann, ohne dass das Licht durch die licht-
brechende Oberfläche geht, oder
sich die Kamera (51) auf der gleichen Seite der licht-
brechenden Oberfläche wie das reelle Bild (P) be-
findet.

12. Interaktionsvorrichtung für schwebendes Bild nach
einem der Ansprüche 6 bis 11, wobei mindestens
eine der Kameras (51) eine Abstandserfassungska-
mera ist.

Revendications

1. Dispositif d’interaction d’image flottante (1 ; 1’ ; 1" ;
1""), comprenant :

un système optique d’imagerie (3 ; 3’) incluant
une surface réfractante moyennant quoi des tra-
jets de rayons lumineux sont courbés au niveau
d’un plan (3S ; 3S’), moyennant quoi pour un
objet devant être projeté (O) placé sur un côté
de ladite surface réfractante, ledit système op-
tique d’imagerie (3 ; 3’ ; 6) forme une image réel-
le (P) dudit objet sur le côté opposé de ladite
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surface réfractante avec l’avant et l’arrière qui
sont inversés, dans lequel
ledit système optique d’imagerie (3 ; 3’) est réa-
lisé par un dispositif optique d’imagerie compre-
nant une pluralité d’éléments optiques unitaires
(2 ; 2’) réalisés par des réflecteurs à écho ren-
forcé dièdres comprenant des paires de surfa-
ces lisses mutuellement perpendiculaires (21,
22 ; 21’, 22’) qui reflètent de la lumière et sont
agencées perpendiculairement ou sensible-
ment perpendiculairement à un plan de dispo-
sitif optique (3S ; 3S’) correspondant à ladite
surface réfractante, fonctionnant ainsi en tant
qu’une matrice de réflecteurs à écho renforcé
dièdres, moyennant quoi pour l’objet devant être
projeté (O) placé sur un côté dudit plan de dis-
positif optique (3S ; 3S’), son image réelle (P)
sera formée sur le côté opposé dudit plan de
dispositif optique (3S ; 3S’) par ladite pluralité
d’éléments optiques unitaires (2 ; 2’),
caractérisé par
un moyen de détection d’objet d’utilisateur (5)
apte à mesurer la position, ou la position et la
forme d’un objet d’utilisateur (U) s’approchant
de ladite image réelle (P) et à détecter la posi-
tion, ou la position et la forme dudit objet d’utili-
sateur (U) au moyen d’informations basées sur
ce mesurage ; et
un moyen de modification d’image réelle apte à
utiliser la position, ou la position et la forme dudit
objet d’utilisateur (U) tel que détecté par ledit
moyen de détection d’objet d’utilisateur (5) pour
modifier ladite image réelle (P) afin de suivre la
position, ou la position et la forme dudit objet
d’utilisateur (U) en lien avec ladite image réelle
(P).

2. Dispositif d’interaction d’image flottante selon la re-
vendication 1, comprenant en outre un moyen d’ac-
tionnement d’objet, dans lequel la position, ou la po-
sition et la forme dudit objet d’utilisateur (U) tel que
détecté par ledit moyen de détection d’objet d’utili-
sateur (5) est utilisé pour exercer une force sur ledit
objet d’utilisateur (U).

3. Dispositif d’interaction d’image flottante selon la re-
vendication 2, dans lequel ledit moyen d’actionne-
ment d’objet comprend un mécanisme à articulation
mécanique.

4. Dispositif d’interaction d’image flottante selon soit la
revendication 2 soit la revendication 3, dans lequel
ledit moyen d’actionnement d’objet comprend un
dispositif de génération de flux d’air.

5. Dispositif d’interaction d’image flottante selon l’une
quelconque des revendications 1 à 4, dans lequel
ledit moyen de détection d’objet d’utilisateur (5) est

placé dans une position fixe par rapport à ladite sur-
face réfractante.

6. Dispositif d’interaction d’image flottante selon l’une
quelconque des revendications 1 à 5, dans lequel
ledit moyen de détection d’objet d’utilisateur (5) com-
prend au moins une caméra (51), et un dispositif de
traitement d’image (52) apte à déterminer la position,
ou la position et la forme dudit objet (O) à partir d’ima-
ges enregistrées par ladite caméra (51).

7. Dispositif d’interaction d’image flottante (1 ; 1’ ; 1"")
selon la revendication 6, dans lequel ladite caméra
(51) est placée sur le même côté de ladite surface
réfractante que ledit objet devant être projeté (O).

8. Dispositif d’interaction d’image flottante (1") selon la
revendication 7, dans lequel ladite caméra (51) est
placée dans une position telle qu’elle peut observer
ledit objet devant être projeté (O) directement à tra-
vers ladite surface réfractante.

9. Dispositif d’interaction d’image flottante (1"") selon
la revendication 7, dans lequel un demi-miroir (9) est
placé entre ladite surface réfractante et ledit objet
devant être projeté (O), et en outre ladite caméra
(51) est placée dans une position telle qu’elle peut
observer l’image réelle (V’) dudit objet devant être
projeté (O) telle que formée par ledit système optique
d’imagerie (3), et réfléchie par ledit demi-miroir (9).

10. Dispositif d’interaction d’image flottante (1) selon
l’une quelconque des revendications 1 à 4, dans le-
quel ledit moyen de détection d’objet d’utilisateur (5)
comprend au moins une caméra (51), et un dispositif
de traitement d’image (52) apte à déterminer la po-
sition, ou la position et la forme dudit objet d’utilisa-
teur (U) à partir d’images enregistrées par ladite ca-
méra (51), et ladite caméra (51) est placée dans une
position telle qu’elle peut observer une lumière émi-
se à partir dudit objet d’utilisateur (U) et réfléchie une
fois seulement par lesdits éléments optiques unitai-
res (2).

11. Dispositif d’interaction d’image flottante (1’ ; 1") se-
lon la revendication 6, dans lequel
ladite caméra (51) est placée dans une position telle
qu’elle peut observer directement ledit objet d’utili-
sateur (U) sans que la lumière passe à travers ladite
surface réfractante, ou
ladite caméra (51) est placée sur le même côté de
ladite surface réfractante que ladite image réelle (P).

12. Dispositif d’interaction d’image flottante selon l’une
quelconque des revendications 6 à 11, dans lequel
au moins une desdites caméras (51) est une caméra
à détection de distance.
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