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(57) ABSTRACT

The present invention discloses an interactive presentation
system which allows a presenter to perform a presentation
while having various interactions directly with presentation
material images in real time through a gesture or/and voice.
The interactive presentation system comprises: an active
infrared camera; a command recognition system connected to
the active infrared camera; and an image synthesis system
connected to the active infrared camera and the command
recognition system. The presentation system may further
comprises a stereo camera set for properly synthesizing a
presenter in a 3D image and a 3D motion system. By this
configuration, it is possible to embody an interactive presen-
tation system in which a command through a presenter’s
gesture or voice is processed in real time and the image of the
presenter is synthesized in a presentation material screen in
real time, and accordingly the audiovisual effect is maxi-
mized.

10 Claims, 9 Drawing Sheets
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Fig 3a.
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Fig 4.
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Fig 5.

Fig 6.




U.S. Patent Dec. 23, 2008 Sheet 6 of 9 US 7,468,742 B2

Fig 7.
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Fig 8.
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Fig 9a.
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1
INTERACTIVE PRESENTATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an interactive presentation
system using a computer, and more particularly, to an inter-
active presentation system which allows a presenter to per-
form a presentation while interacting directly with images of
a presentation material screen being displayed.

2. Description of the Background Art

In a typical presentation using a computer, a presenter
shows an audience presentation materials by displaying them
on a computer monitor or projecting them on a large-sized
screen through a projector or the like, and points at and
explains a specific part of the presentation materials by using
a pointer bar or laser pointer or the like at the presentation
materials to be displayed. Further, the presenter interacts with
acomputer by directly operating the computer in order to skip
the pages of the presentation materials or execute an object
like a video or file contained in the presentation materials.
Recently, the presenter often performs an interaction by the
use of a wireless mouse or remote controller, spaced at a
certain distance from the computer. However, this presenta-
tion method according to the prior art is problematic in that
there is a restriction on the interaction the presenter can per-
form and the procedure or interaction is not natural as com-
pared to a presentation without a computer.

Further, the presentation method according to the prior art
is problematic in that this method is available only if the
presenter, the computer storing the presentation materials and
the audience all should be in the same place. As a measure for
overcoming this spatial problem, currently being used is a
method in which, if an audience is at a remote place, a pre-
senter offers a presentation as in the prior art, photographs this
by a video camera and sends it to the remote place via a
communication network. But, this method is problematic in
that the resolution of the video camera is poorer than the
resolution of a computer monitor, and thus the presentation
materials is not seen well at the remote place.

To solve these problems, there has been a method of storing
the presentation materials in a computer prepared at the
remote place where the audience is located, displaying it
through the computer, sending the images of the presenter to
the remote place through a video camera and displaying them
simultaneously with the presentation materials. However,
this method has a difficulty of having to synchronizing the
images of the presenter and the presentation materials.

As another measure, there is a method in which a presenter
behaves according to a written script, graphics are processed
later based on these behaviors and synthesized in images,
which is frequently used in documentary programs produced
by broadcasting companies. However, this method has a
demerit that it cannot be utilized as a real-time presentation
system since the presenter can perform only an interaction
restricted by the script, cannot perform extemporaneous
activities and cannot view composite images in real time.

As yet another measure, there is a method for synthesizing
weather data images and reporter’s images and displaying
them as in weather forecasting systems used in broadcasting
companies. This system also has a demerit that only simple
interactions like a reporter’s skipping to the next screenimage
by a control device such as buttons can be performed as in the
aforementioned prior art.

Accordingly, there is demand for a presentation system by
which a presenter can interact with presentation material
images in real time in various ways.
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2
SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
aninteractive presentation system which allows a presenter to
perform a presentation while having various interactions
directly with presentation material images in real time
through a gesture or/and voice.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided an interactive
presentation system, comprising: an active infrared camera
for taking an image of a presenter; a command recognition
system connected to the active infrared camera to perform the
presenter’s gesture recognition algorithm upon receipt of the
presenter’s infrared image from the active infrared camera
and outputting a corresponding command; and an image syn-
thesis system connected to the active infrared camera to syn-
thesize the image of the presenter and the presentation mate-
rial screen upon receipt of the presenter’s image from the
active infrared camera, and connected to the command rec-
ognition system via a network to control the presenter’s posi-
tion in the presentation material screen and the proceeding of
the presentation material screen upon receipt of a command
signal outputted from the command recognition system.

It is preferred that the active infrared camera of this inven-
tion comprises: an infrared irradiation device mounted so that
an infrared irradiation region can be coincident with the
visual field range of the active infrared camera and for irra-
diating infrared rays to the presenter; a cold mirror for trans-
mitting the infrared rays reflected by the presenter and reflect-
ing visible rays; an infrared camera for acquiring the infrared
image of the presenter upon receipt of the infrared rays trans-
mitted by the cold mirror; and a moving image camera for
acquiring the image of the presenter upon receipt of the vis-
ible rays reflected by the cold mirror, so that the coordinate of
the image of the presenter can be coincident with the coordi-
nate of the infrared image. Also, the active infrared camera
further comprises a reflecting mirror for making the visible
rays incident on the moving image camera by receiving and
reflecting the visible rays reflected by the cold mirror, thereby
efficiently reducing the configuration space of the infrared
camera and moving image camera.

Preferably, the interactive presentation system of this
invention further comprises infrared reflecting markers being
wearable by the presenter and for retroreflecting infrared rays
radiated by the infrared irradiation device of the active infra-
red camera onto the active infrared camera, so that the infra-
red rays irradiated on the infrared reflecting markers from the
infrared irradiation device mounted on the active infrared
camera are made incident on the active infrared camera by
retroreflection to thus increase the infrared image recognition
rate of the presenter’s gesture.

Furthermore, the gesture recognition algorithm executed
by the command recognition system comprises: the thresh-
olding step of extracting image blobs of the infrared reflecting
markers worn by the presenter inputted from the active infra-
red camera; the blob labeling step of performing image label-
ing of the blobs extracted by the thresholding step; the blob
recognition step of extracting one or two large labeling blobs
by the blob labeling step; the angle & position computation
step of computing the angle, central position, height and
width of the infrared reflecting markers using the extracted
blobs by the blob recognition step; the gesture recognition
step of recognizing a gesture by determining a gesture mode
of the infrared reflecting markers based on the results com-
puted in the angle & position computation step.
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Preferably, in the blob labeling step, a predetermined
boundary blob is set around the infrared reflecting marker
blobs acquired from the previous frame so that labeling is
performed only within the boundary blob in the next frame,
thereby sharply reducing the amount of operation and accord-
ingly enabling real time processing of gesture recognition.

Preferably, the interactive presentation system of this
invention is controlled not only by the gesture of the presenter
but also by the presenter’s voice command by receiving a
voice command of the presenter and outputting a command
signal to the image synthesis system.

Furthermore, the interactive presentation system of this
invention further comprises: a stereo camera set consisting of
a plurality of cameras for three-dimensionally detecting the
motion of the presenter; and a 3D motion tracking system
connected to the stereo camera set and for computing the
position of the presenter on a 3D image coordinate by receiv-
ing the image of the presenter from the stereo camera set.
Preferably, the 3D motion tracking system is connected to the
image synthesis system via a network and sends the position
information of the presenter to the image synthesis system so
that the image of the presenter can be synthesized in a proper
position of a 3D presentation material image if the presenta-
tion material image is 3D.

Furthermore, the interactive presentation system of this
invention further comprises a projector connected to the
image synthesis system and for projecting the presentation
material synthesized in the image synthesis system so as to
show the synthesized presentation material to the audience
who are in the same place with the presenter. Alternatively,
the interactive presentation system can be configured to show
the synthesized presentation material to the audience who are
in a difference place from the presenter by the image synthe-
sis system’s sending the presentation materials synthesized in
the image synthesis system to a remote place via a network.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 illustrates a schematic view of an interactive pre-
sentation system in accordance with the present invention;

FIG. 2a illustrates a side view of an active infrared camera;

FIG. 25 illustrates a front view of an active infrared cam-
era;

FIG. 3a illustrates photographs of infrared reflecting mark-
ers in accordance with the present invention;

FIG. 35 illustrates photographs of the user wearing the
markers, respectively of FIG. 3a;

FIG. 4 illustrates a flow chart of a gesture recognition
algorithm carried out in a computer machine of a command
recognition system;

FIG. 5 illustrates position, height and width of respective
infrared reflecting marker extracted in a command recogni-
tion system;

FIG. 6 illustrates one example of gesture mode that can be
designated in the algorithm executed by the computer
machine of the present invention;

FIG. 7 illustrates a flow chart of the algorithm executed in
the image synthesis system in accordance with the present
invention;

FIG. 8 is a flow chart showing the operation of a 3D motion
tracking system in accordance with the present invention;

FIG. 9a shows photographs of a presentation material
screen on which the image of the presenter is three-dimen-
sionally synthesized; and
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FIG. 956 shows photographs of a computer screen on which
the image of the presenter is processed by 3D motion tracking
system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a preferred embodiment of the present inven-
tion will be described with reference to the accompanying
drawings.

Referring to FIG. 1, a schematic view of an interactive
presentation system in accordance with the present invention
is illustrated. As illustrated in FIG. 1, the interactive presen-
tation system of this invention comprises an active infrared
camera 120, a command recognition system 130 and an
image synthesis system 140. The interactive presentation sys-
tem may further comprise a three-dimensional motion track-
ing system 150 for three-dimensional synthesis of presenta-
tion materials and a presenter 110. They are connected via a
network. The interactive presentation system further com-
prises an infrared reflecting marker 112 (hereinafter,
‘marker’) to be worn on the presenter’s finger, a projector 170
for projecting composite images of the presenter 110 and the
presentation materials, a screen 180 for displaying the com-
posite images output from the projector 170 and a stereo
camera 160 for tracking the motion of the presenter 110.

The active infrared camera 120 takes images of the pre-
senter within the visual field of the active infrared camera
120, and outputs an infrared image of the presenter to the
command recognition system 130 and a moving image of the
presenter to the image synthesis system 140. The command
recognition system 130 recognizes a gesture command from
the presenter’ infrared image received from the active infra-
red camera 120 and sends this command to the image synthe-
sis system 140. At this time, the presenter 110 is able to
remotely interact with the command recognition system 130
by wearing the marker 112 on a finger and making a certain
gesture of a command. Additionally, the presenter 110 is able
to enter a voice signal into the command recognition system
130 through a wireless microphone 114. The image synthesis
system 140 synthesizes the presenter’s moving image input
from the active infrared camera 120 with a presentation mate-
rial screen, and receives a gesture command or voice com-
mand sent from the command recognition system 130 to take
control of the presentation materials. The three-dimensional
motion tracking system 150 is connected to the stereo camera
160 consisting of a plurality of cameras, and the stereo cam-
era 160 takes an image of the presenter 110 to output it to the
three-dimensional motion tracking system 150. The three-
dimensional motion tracking system 150 receives it and sepa-
rates the presenter image from the background image, and
sets the position of the presenter on a three-dimensional
image coordinate to send this information to the image syn-
thesis system 140. The image synthesis system 140 receives
the position coordinate of the presenter 110 from the three-
dimensional motion tracking system 150 and synthesizes the
presenter image with the corresponding position. The image
synthesis system 140 is connected to the projector 170 and is
able to show the presentation screen to the audience by pro-
jecting the synthesized presentation screen on a screen 180 or
the like or able to sent the synthesized presentation screen to
the audience at a remote place via a network. A detailed
description of the respective parts of the system will be
described below in detail with reference to the associated
drawings.

Referring to FIGS. 24 and 25, a block diagram of the active
infrared camera 120 as shown in FIG. 1 is illustrated. FIG. 2a
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is a view illustrating a side internal structure of the active
infrared camera 120, and FI1G. 25 is a view illustrating a front
profile of the active infrared camera 120. The active infrared
camera 120 comprises one or more infrared irradiation device
222, a cold mirror 223, an infrared camera 224, a moving
image camera 225 and a reflecting mirror 226. It is preferred
to use an infrared LED (light emitting diode) having a high
straight advancing property of light as the infrared irradiation
device 222 and mount it around a lens portion 221 of the
active infrared camera 120 to make the visual field of the
camera coincident with the irradiation range of infrared rays.
By acquiring an infrared gesture image of the presenter 110
by the use of the infrared irradiation device 222, the command
recognition system 130 can recognize the gesture without any
effect of a change in a peripheral visible ray lighting. As
illustrated therein, the cold mirror 223 passing only infrared
rays and reflecting visible rays is arranged in the same straight
line with the lens portion 221, and the infrared camera 224 is
arranged in the back of the cold mirror 223, thus an infrared
light reflected by the subject (i.e., presenter) and incident
through the lens portion 221 is incident upon the infrared
camera 224. The reflecting mirror 226 is arranged in the
position where a visible light reflected by the cold mirror 223
can be reflected, and the moving image camera 225 is
arranged in such a manner to receive a visible light reflected
by the reflecting mirror 226, whereby the visible light
reflected by the cold mirror 223 is reflected by the reflecting
mirror 226 and incident upon the moving image camera 225
as shown in the drawings. Next, the infrared image output by
the infrared camera 224 is input into the command recogni-
tion system 130 to make the gesture of the presenter 110
recognizable as a command, and the presenter’s image (i.e.,
visible ray image) output by the moving image camera 255 is
input into the image synthesis system 140 and synthesized in
the presentation material screen. The active infrared camera
120 consisting of the infrared camera 224 and the moving
image camera 225 makes the coordinate of the composite
image in the image synthesis system 140 coincident with the
coordinate of the infrared image. That is, for example, if the
presenter selects a certain icon by hand, the image of the
presenter’s hand is located on the selected icon on the syn-
thesis presentation material screen.

Referring to FIGS. 3a and 35, FIGS. 3a and 35 illustrate
photographs of the infrared reflecting markers 312q and 3126
in accordance with the present invention and photographs of
the user wearing these markers, respectively. It is preferable
to make interaction with a computer convenient by manufac-
turing infrared reflectors of a thimble shape for reflecting
infrared rays irradiated on it to interact with the computer and
wearing it on fingers, which are the most versatile in motion
among body regions. It is more preferable to make the two
markers easily discriminated by their size by a computer
machine to be described below by wearing the markers 312a
and 3124 of different sizes on the thumb and the index finger
(for example, the marker to be worn on the thumb is made
larger in size and the marker to be worn on the index finger is
made smaller in size). Further, it is preferable to make the
markers 312a and 3125 of the material having the retroreflec-
tion property against infrared rays. This is because blobs of
the infrared reflectors 112 can be precisely detected by
reflecting the infrared rays irradiated from the active infrared
camera 120, described in association with FIGS. 24 and 25, in
the direction of the active infrared camera 120 by the use of
the retroreflection of the markers 3124 and 3125. The mate-
rial having the retroreflection property is well known, repre-
sentatively includes reflection fabrics, reflection tapes, etc.
coated with retroreflective fine glass beads. By the use of such

20

25

30

35

40

45

50

55

60

65

6

infrared reflectors, the user is free in its activities without
physical restrictions during an interaction with a computer,
and moreover can precisely detect objective blobs.

The command recognition system 130 of this invention
allows the presenter 110 to interact with presentation mate-
rials by using image recognition (i.e., recognition of the pre-
senter’s gesture) and voice recognition techniques. Referring
to FIG. 4, there is illustrated a flow chart of a gesture recog-
nition algorithm carried out in a computer machine of the
command recognition system 130. As illustrated therein, the
gesture recognition algorithm carried out by the computer
machine comprises: a thresholding step 410, a blob labeling
step 420, a blob recognition step 430, an angle & position
computation step 440 and a gesture decision step 450.

The thresholding step 410 is the step of extracting image
blobs of the infrared reflectors input from an image acquisi-
tion apparatus. Since the blobs of the infrared reflectors on the
image acquired by the image acquisition apparatus have a
bright value, only the blobs of interest are extracted by using
the thresholding technique for converting an input image into
a binary-coded image. Such technique is a well known art in
the fields of image processing, in which the parts excepting
the blobs of infrared reflectors, i.e., the blobs of interest, are
eliminated by the following formula:

gxy)=1(fxy)>1)
0(fx.y)<I)

Wherein g(x,y) represents the value of a binary image after
thresholding, f(x,y) represents the value of an infrared image
input from the image acquisition apparatus, and T represents
a threshold designated by the user. The value T can be desig-
nated according to the properties of infrared reflectors and the
strength of an infrared irradiation apparatus. For example, if
the value of one pixel ranges from 0 to 255, it is appropriate
that an intermediate value of 128 should be designated as the
value T.

The blob labeling step 420 is the step of performing image
labeling by attaching individual labels to individual compo-
nents of the image of the blobs of interest extracted by the
thresholding step 410. According to the preferred embodi-
ment, in this test, the markers 312a and 3125 worn on the
thumb and index finger are discriminated according to the
image labeling. In this step 420, eight connection elements
(or four connecting elements), which are the objects of inter-
est, are found out by searching the infrared image, binary-
coded by thresholding, in unit of pixel from the left to the right
and from the upper end to the lower end. At this time, in the
procedure of reading an image, if the centering pixel is p, the
partial neighboring pixel at the upper end of p is r, the partial
neighboring pixel at the left side of p is t, the partial neigh-
boring pixel at the left opposite angle of p is q, and the partial
neighboring pixel at the right opposite angle of p is s, when it
is desired to find out eight connecting elements, r, t, q and s
taken into account (when it is desired to find out four con-
necting elements, r and t are taken into account). If the value
ofpis 0, it is neglected. If the value of p is 1, partial neighbors
are inspected. If every partial neighbor is 0, a new name is
given. If only one neighbor is 1, the name of the neighbor is
given. If two or more neighbors are 1, one of their names is
given and the fact that the names are identical is recorded.
Next, the identical names are united upon re-searching. After
the searching job, every pixel having a value of 1 becomes to
have their name. Thus, two blobs having different names are
obtained from an infrared image through image labeling.

It is inappropriate to perform such image labeling on the
entire image by each frame as in the prior art from an aspect
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ofreal time processing because it takes a lot of operation time.
Accordingly, in the present invention, a predetermined
boundary blob is set around the central coordinate of each of
the infrared reflector blobs acquired from the previous frame
so that labeling is performed only within the boundary blob in
the next frame, thereby sharply reducing the amount of opera-
tion. The aforementioned boundary blob is preferably set to
have a size twice larger than the blobs of interest. The image
acquisition apparatus acquires an image at a speed of 30
frames per second, thus the blob in which fingers are movable
between frames is small, thereby making it possible to predict
the boundary blob which is to be an objective blob of the next
frame from the central coordinate of the previous frame. In
this way, in the present invention, image labeling is appropri-
ate for real time processing since it reduces the amount of
operation much more as compared to the prior art by perform-
ing image labeling not on the entire image blobs but on partial
blobs predicted from the previous blob.

The blob recognition step 430 is the step of extracting one
or two large blobs of obtained labeling blob, and then the
larger one is referred to as a thumb marker blob (512a of FIG.
5) and the smaller one is referred to as an index finger marker
blob (51256 of FIG. 5) by comparison of the sizes of the blobs.
Ifthe smaller one is much smaller than the larger one, then it
is regarded as a noise. In this case, it is prefer to extract only
the larger one because it is the case where a thumb marker
blob (5124 of FIG. 5) is combined with a index finger marker
blob (5125 of FIG. 5).

Next, the angle & position computation step 440 is the step
of computing the angle, central position, height and width of
the infrared reflectors using the image labeled in the blob
labeling step. In this step 430, in case that markers 312a and
3125 of different sizes are worn on the user’s two fingers as in
the above-described embodiment, a gesture is discriminated
in consideration of the direction and position of the fingers
with respect to individual labeled finger blobs. Firstly, to
determine the direction of the fingers, the direction of the
blobs is computed by the following formula by the use of a
second moment coefficient. The centers of the individual
finger blobs are estimated by using a zero-order moment and
a first-order moment.

M=) > It )
Xy
M01=ZZy-1(x,y)
Xy
Mig= )" Y x-I(x, )
Xy

Mo

M
— 01)

(e 30 = (300 7

Whereinx_and y,_ are the moment coefficients representing
the central coordinate of the finger blobs, I(x,y) is the moment
coefficient representing the brightness value of pixels corre-
sponding to the finger blobs, and M, is the moment coefficient
representing the directional order of x and y.

Next, the direction angle 6 of the fingers is computed by
using the second moment expressed by the following for-
mula.
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Wherein x_ and y_ are the moment coefficients representing
the central coordinate of the finger blobs, I(x,y) is the moment
coefficient representing the brightness value of pixels corre-
sponding to the finger blobs, and M, is the moment coefficient
representing the directional order of x and y.

And the values of the number of pixels, average central
value, width and height of the blobs of interest derived in the
blob labeling step are computed (refer to FIG. 5). In FIG. 5,
reference numeral 512a is the blob of interest corresponding
to the thumb marker 3124, and reference numeral 5125 is the
blob of interest corresponding to the index finger marker
3125. W and W in the drawing represent the width of each
blob, H; and Hrepresent the height of each bloband (X, y5)
and (x,, y,) represent the central coordinate of each blob.

In the gesture recognition step 450, first it is checked which
one of the conditions shown in the following table matches
with the above computed results.

Condition explanation
1 Hy +H; Hy+Hg Second marker is under
Yy~ Yo = 3 + ) first marker
I Hy +Hs Hy+Hg Second marker is above
-y -ve) = ) + 4 first marker
11 Wy +Wg Wy+Wg Second marker is at the
Xy —Xg = + 2 right of first marker
v Wy +Wg Wy +Wg  Second marker is at the
—-(xy —x¢) = 3 + 7 left of first marker
\% Wy +Wg Two markers exist
abs(xy —xg) < 5 vertically within
predetermined range
As a result, the gesture is recognized by determining a
gesture mode of the infrared reflectors based on the corre-

sponding condition. FIG. 6 illustrates one example of gesture
mode that can be designated in the algorithm executed by the
computer machine of the present invention.

Hereinafter, one example of gesture mode determination
will be described with reference to the above table and the
types of gesture mode of FIG. 6. If the angle of a thumb
thimble blob (i.e., first marker in the above table, hereinafter,
refer to the same) forms 90 degrees with respect to the X axis
(transverse axis) of an image coordinate and the angle of an
index thimble blob (i.e., second marker in the above table,
hereinafter, refer to the same) forms 0 degree, and at the same
time Condition I and Condition IV about the positional rela-
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tion are satisfied, this is recognized as “right” mode to go
right. If the angle of the thumb thimble blob forms 90 degrees
and the angle of the index thimble blob forms 0 degree, and at
the same time Condition I and Condition III about the posi-
tional relation are satisfied, this is recognized as “left” mode
to go left. If the angle of the thumb thimble blob forms 0
degree and the angle of the index thimble blob forms 90
degrees, and at the same time Condition II and Condition IV
about the positional relation are satisfied, this is recognized as
“up” mode to go upward. If the angle of the thumb thimble
blob forms 0 degree and the angle of the index thimble blob
forms 90 degrees, and at the same time Condition 1 and
Condition IV about the positional relation are satisfied, this is
recognized as “down” mode to go downward. If both the
angle of the thumb thimble blob and the angle of the index
thimble blob form 90 degrees, and at the same time Condition
I and Condition V about the positional relation are satisfied,
this is recognized as “proceed” mode to go forward. If both
the angle of the thumb thimble blob 5124 and the angle of the
index thimble blob 5126 form 90 degrees, and at the same
time Condition II and Condition V about the positional rela-
tion are satisfied, this is recognized as “go back” mode to go
backward. Similarly, it is possible to recognize right-up,
right-down, left-up, left-down modes, etc. Additionally, in
case the thumb thimble blob 512¢ and the index finger
thimble blob 51254 are overlapped and recognized as one blob,
this is recognized as “select” mode to select a corresponding
category (i.e., in case of an input device like a mouse, to click
the left button). The computer machine recognizes other ges-
tures except this as a nonsense gesture, and the user can
interact with the computer by wearing the infrared reflectors
within a visual field range of the image acquisition apparatus
and making a gesture according to a preset gesture mode like
this. Like this, by enabling matching by combining the con-
ditions derived by simple formula processing and compara-
tively operating only whether or not these conditions are
coincident with the conditions of a designated gesture, the
amount of operation is largely reduced as compared to the
prior art method of recognizing a gesture by comparison with
feature points of all command sets based on conventionally
extracted gesture features, and thereby real time processing is
enabled.

As illustrated in FIG. 1, the command recognition system
130 can be configured to allow the presenter 110 to control
presentation materials by a voice command by performing
recognition according to a command given by the presenter
110 through the wireless microphone 114 and sending the
result to the image synthesis system 140. The voice recogni-
tion system can be implemented by using a well-known voice
recognition module.

The configurations of executable gesture/voice commands
are changeable according to the contents of a presentation,
and also changeable according to the recognition system. One
example of an implementable gesture/voice command set is
shown in the following table. 2D avatar move is the mode that
is implemented on a 2D presentation material screen, and 3D
navigation is the mode that is implemented on a 3D presen-
tation material screen.

Type Detailed Service Comments
Hand Left/Right 2D avatar move or 3D navigation
gesture Up/Down

Forward/Backward 3D navigation

Select Left mouse button Double click
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-continued

Type Detailed Service Comments

Voice Left/Right 2D avatar move or 3D navigation
Up/Down
Slideshow Powerpoint full screen
Next/Previous Proceed or go back
Select
Close Window close
Pen Mode Powerpoint pen mode
Pen Mode Exit
Screen Keyboard
Navigation 3D navigation start
Forward/Backward 3D navigation
Navigation Stop 3D navigation stop
Music Start Media Player start
Equalizer Media Player equalizer
Help Call a helping MS Agent

By using this gesture and/or voice command recognition
system 130, the presenter 110 can move an his or her image
(hereinafter, ‘avatar’) of presentation screen in the image
displaying the presentation materials toward a desired, and
also can control the proceeding of the presentation materials
in an interactive way.

And the presenter 110 can move an avatar by walking
himself or herself to a desired direction in field of view.

FIG. 7 illustrates a flow chart of the algorithm executed in
the image synthesis system in accordance with the present
invention. The image synthesis system 140 of FIG. 1 receives
an image of the presenter 110 output from the active infrared
camera 120, creates a composite image of the presenter 110°s
image and presentation materials, and sends it to the projector
170 or to a computer at a remote place via a network. As
illustrated in FIG. 7, the image synthesis algorithm comprises
the step 710 of removing the background and extracting the
presenter, the step 720 of updating the synthetic position, and
the step 30 of synthesizing the presenter on a presentation
screen. In the step 710 of removing the background and
extracting the presenter, only the presenter blob is extracted
from a moving image input from the moving image camera
225 of the active infrared camera 120. The background
removal algorithm useable here representatively includes the
chromakeying technique. This technique is a well-known
technique of extracting an object blob (i.e., presenter blob) as
a blob of interest by making the background in a predeter-
mined color (for example, blue) and designating the alpha
value of the color value of the background blob as 0 and the
alpha value of the remaining object blobs as 1. In the step 730
of synthesizing the presenter on the presentation screen, the
presenter blob extracted according to the following synthesis
formula is synthesized in the data screen of the computer.

C=0F+(1-a)B

Wherein C represents a synthesis value, F represents the
value of the presenter blob corresponding to the foreground
(i.e., object), and B represents the value of the computer
screen corresponding to the background. Here, value o is an
alpha value obtained after separating the foreground and the
background by the chromakeying method. In this way, only
the presenter blob is extracted and synthesized on the data
screen of the computer, thereby showing the presenter as if
the presenter exists on the data screen of the computer. Here,
in order for the presenter to move on the computer screen as
desired, two methods are used. One is using a position shift
command. The presenter can shift to a desired position on the
data screen of the computer by receiving the shift command
from the command recognition system 130 (step 720). The
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other method is that the presenter 110 walks himself or herself
to a desired direction in field of view of camera.

FIG. 8 is a flow chart showing the operation of a 3D motion
tracking system in accordance with the present invention. The
3D motion tracking system 150 of FIG. 1 is connected to a
stereo camera set 160 consisting of a plurality of cameras (in
FIG. 8, consisting of two cameras), receives the image of the
presenter from the stereo camera set 160 to separate the
presenter blob and computes the presenter position on the 3D
image coordinate. The operation of the 3D motion tracking
system 150 in this procedure is described with reference to
FIG. 8. The operation of the 3D motion tracking system 150
includes an offline operation and an online operation. Firstly,
in the offline operation, the positional relation between a
plurality of cameras is estimated through a calibration pro-
cess. The calibration process is a well-known task necessary
for an accurate tracking, and estimates intrinsic parameters
representing the geometric optical characteristic of the
insides of the cameras and extrinsic parameters representing
the translation and rotation of a camera coordinate for a
reference frame by using correspondence between a 3D
Euclidean space and a 2D camera image plane. This process
is accomplished by estimating the correspondence between
the feature point of the 2D image coordinate and the 3D
reference frame. With a pinhole camera model as an example,
the points X,=[X,, Y,, Z,, 1] on a 3D space and the points
X, =[u,, v,, 1] corresponding to a 2D image have the following
relation:

sx=PX;

~PX;
It X, and %, are substituted,
s, v, \1T=P[X, Y, Z, /T

wherein s is a scaling factor, and P is a 3x4 camera projec-
tion matrix. I[f there are enough corresponding points between
the image and the 3D space, P can be obtained by the follow-
ing formula:

v o PuXi+ PuYi+pisZi+py
"7 paXi 4 pnYi+ paZi +ps’

e Xi + pnYi+ prZi+py
Y paXi+ PuYi + pssZi + pa

Wherein p,; is the (i, j)-order element of matrix P.

Next, in the online operation, the image of the presenter is
acquired and computed. Images input from the respective
cameras by frame undergo a presenter extraction process. In
this process, the background blob is removed by the chro-
makeying method or the like in step 810, and the largest one
of'the object blobs not removed by the blob labeling step 820
is extracted in step 830. Next, the central value of the pre-
senter blob is computed in step 840, and the central value of
the thus-extracted presenter blob is substituted into x; of the
formula explained offline in the camera calibration process,
thereby enabling it to compute the 3D position value X, of the
presenter in real time.

The 3D position information of the presenter thus com-
puted is sent to the above-described image synthesis system
140, and thereby the image of the presenter 110 can be syn-
thesized at a proper position of the presentation material
image displayed in 3D.

FIGS. 94 and 96 show photographs of a presentation mate-
rial screen on which the image of the presenter is three-
dimensionally synthesized by the aforementioned method.
FIG. 9a is a photograph showing the presenter’s image three-
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dimensionally synthesized on the presentation material
screen. FIG. 95 1s a photograph showing a computer screen on
which the image of the presenter is being processed by the 3D
position tracking system in accordance with the present
invention. In FIG. 9aq, it can be seen that the presenter is
synthesized inside Sogguram which is the presentation mate-
rial screen, and the presenter 110 is positioned behind the
object of worship of the presentation material screen and thus
parts of the presenter 110 are not shown, being hidden by the
object of worship. In this way, the aforementioned 3D motion
tracking system 150 computes the position of the presenter on
the 3D image coordinate in the presenter’s image input from
the stereo camera set 160, and allows the avatar of the pre-
senter to be synthesized at a proper position on the 3D mate-
rial screen.

As the present invention may be embodied in several forms
without departing from the spirit or essential characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

The interactive presentation system in accordance with the
present invention provides the following effects.

While, in a prior art presentation system, a presentation has
to be performed near a computer, a wireless mouse has to be
used, or an assistant presenter has to control the presentation
material screen in place of the presenter, in the presentation
system of the present invention, the presenter can perform a
presentation efficiently by himself or herself since the pre-
senter is freely movable by controlling an interaction with his
or her hands, voice and body.

Also, such interaction is discriminated from TV broadcast-
ing in the respect that the interaction can be done in real time
by employing a command recognition system with a sharply
reduced amount of operation, and the presenter can control
the presentation screen by himself or by herself.

Further, the presenter is able to perform a presentation
while directly interacting with presentation materials by
hands, body or voice in the presentation screen, thereby
enabling presentations in more various ways than the prior art
presentation systems.

Further, since the 3D position of the presenter can be
tracked and utilized for the presentation, this provides such an
effect that the presenter looks as if three-dimensionally mov-
ing among the presentation materials, thereby giving the real-
ity which cannot be given from the prior art presentation
system. Moreover, since the presenter can perform a presen-
tation while directly interacting with presentation materials in
a presentation image, it is possible to perform a far more
natural and effective presentation than the prior art presenta-
tion systems. In other words, in the prior art presentation
system the image of the presenter and the presentation mate-
rials are sent and displayed separately, which makes the audi-
ence to have no idea about what the presenter is pointing at
and explaining and makes the presentation unnatural. Mean-
while, in the presentation system and method of the present
invention, the presenter can explain while directly pointing by
hand in a presentation image and interacting with the presen-
tation materials, thereby enabling a natural presentation.

Moreover, this invention can solve the demerit that the
resolution of the presentation materials has to be lower than
the resolution of a display screen in order to display the
presenter and the presentation materials side by side.
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As seen from above, an audiovisual effect can be maxi-
mized by using the interactive presentation system of this
invention.

What is claimed is:

1. An interactive presentation system, comprising:

an active infrared camera, arranged in front of a presenter,
for taking a visible image and an infrared image of the
presenter,

a command recognition system connected to the active
infrared camera to perform a gesture recognition algo-
rithm upon receipt of the infrared image of the presenter
from the active infrared camera and outputting a corre-
sponding command;

an image synthesis system connected to the active infrared
camera to synthesize the visible image of the presenter
received from the active infrared camera and a presen-
tation material, and connected to the command recogni-
tion system to control the presentation material upon
receipt of a command signal outputted from the com-
mand recognition system; and

a screen arranged in front of the presenter to display the
synthesized visible image and the presentation material
received from the image synthesis system, so that the
presenter can perform a presentation while viewing the
visible image of the presenter synthesized with the pre-
sentation material in real time.

2. The system of claim 1, wherein the active infrared cam-
era comprises: an infrared irradiation device mounted so that
an infrared irradiation region can be coincident with the
visual field range of the active infrared camera and for irra-
diating infrared rays to the presenter; a cold mirror for trans-
mitting the infrared rays reflected by the presenter and reflect-
ing visible rays; an infrared camera for acquiring the infrared
image of the presenter upon receipt of the infrared rays trans-
mitted by the cold mirror; and a moving image camera for
acquiring the image of the presenter upon receipt of the vis-
ible rays reflected by the cold mirror.

3. The system of claim 2, wherein the active infrared cam-
era further comprises a reflecting mirror for making the vis-
ible rays incident on the moving image camera by receiving
and reflecting the visible rays reflected by the cold mirror.

4. The system of claim 1, wherein the interactive presen-
tation system further comprises infrared reflecting markers
being wearable by the presenter and for retroreflecting infra-
red rays radiated by the infrared irradiation device of the
active infrared camera onto the active infrared camera.
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5. The system of claim 4, wherein the gesture recognition
algorithm executed by the command recognition system
comprises: a thresholding step of extracting image blobs of
the infrared reflecting markers worn by the presenter inputted
from the active infrared camera; a blob labeling step of per-
forming image labeling of the blobs extracted by the thresh-
olding step; a blob recognition step of extracting one or two
large labeling blobs by the blob labeling step; an angle and
position computation step of computing the angle, central
position, height and width of the infrared reflecting markers
using the extracted blobs by the blob recognition step; and a
gesture recognition step of recognizing a gesture by deter-
mining a gesture mode of the infrared reflecting markers
based on the results computed in the angle and position com-
putation step.

6. The system of claim 5, wherein, in the blob labeling step,
a predetermined boundary blob is set around the infrared
reflecting marker blobs acquired from the previous frame so
that labeling is performed only within the boundary blob in
the next frame.

7. The system of claim 1, wherein the interactive presen-
tation system receives a voice command of the presenter and
outputs a command signal to the image synthesis system.

8. The system of claim 1, wherein the interactive presen-
tation system further comprises: a stereo camera set consist-
ing of a plurality of cameras for three-dimensionally detect-
ing the motion of the presenter; and a 3D motion tracking
system connected to the stereo camera set and for computing
the position of the presenter on a 3D image coordinate by
receiving the image of the presenter from the stereo camera
set, wherein the 3D motion tracking system is connected to
the image synthesis system via a network and sends the posi-
tion information of the presenter to the image synthesis sys-
tem so that the image of the presenter can be synthesized in a
proper position of a 3D presentation material image if the
presentation material image is 3D.

9. The system of claim 1, wherein the interactive presen-
tation system further comprises a projector connected to the
image synthesis system and for projecting the presentation
material synthesized in the image synthesis system.

10. The system of claim 1, wherein the image synthesis
system sends the presentation materials synthesized in the
image synthesis system to a remote place via a network.



