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DESCRIPTION

IMAGE PROJECTION APPARATUS AND CONTROL METHOD FOR SAME

TECHNICAL FIELD

[0001] The present invention relates to an image

projection apparatus that projects an image and a

control method for the same, and more particularly, to
an image projection apparatus capable of utilizing a

projected image as a user interface for operating the

image projection apparatus, and a control method for

the same

BAC;KGROUND ART

[0002j Conventionally, an image projection
apparatus as typified by a projector is designed to
project video images output by a computer, media player,
or the like for viewing purposes, and is used not only
in conference rooms and stores, of course, but also in
homes.

[0003] The conventional projector, because it is
designed to project onto a large-screen, is relatively
large itself, and is usually affixed to the ceiling or
placed on a desk or the floor when in use.

[0004] Operation of this type of projector is
typically carried out using a variety of buttons
provided on the body of the projector or with a remote-

control device provided as an accessory to the



WO 2009/031457 - PCT/JP2008/065469

projector.

[0005] By contrast, in order to view images in
small groups of four or five people, equipping a mobile
phone with a built-in, small-scale image projection
apparatus has been proposed (see Japanese Patent
Application Publication No. 2005-236746).

[0006] When projecting video images using an image
projection apparatus built into a mobile phone, it is
contemplated that the mobile phone is taken and held in
the hand. Then, it is assumed that a need arises to
operate the image projection apparatus during
projection, for example, to switch images, or to change
the settings of the image projection apparatus.

[0007] In this case, it is likely that operation
is carried out using the phone buttons and keys with
which mobile phones are ordinarily provided. However,
operating buttons and keys while holding the mobile
phone and projecting images causes the projection place
fo fluctuate and the size of the projected images to
fluctuate, and is not easy to use.

[0008] Moreover, providing the mobile phone with a
separate remote-control device for operating the image
projection apparatus is not practical.

[0009] Thus, conventionally, there has been no
proposal to facilitate user operations taking into
account a case in which the image projection apparatus

has been made so compact that it is held in the hand
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when used.

DISCLOSURE OF INVENTION
[0010] The present invention is conceived in light
of the problem described above, and provides an image
projection apparatus that can be easily operated by a
user, and a control method for the same.
[0011] According to an aspect of the present
invention, there is provided an image projection
apparatus comprising: a projection unit adapted to
project an input image onto a projection surface; an
obtaining unit adapted to obtain a sensed image of a
range containing an image projected onto thé projection
surface; a generating unit adaptéd to generate a
difference image between the sensed image and the input
image; a region detection unit adapted to detect a
region corresponding to an operation object for
operating the image projection apparatus, based on the
difference image; a position detection unit adapted to
detect information relating to a position of a
particular portion of the region corresponding to the
operation object detected by the region detection unit;
a determination unit adapted to determine an operation
carried out by the operation object, based on the
information relating to the position of the particular
portion detected by the position detection unit; and a

control unit adapted to execute an action corresponding
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to the operation determined by the determination unit.
[0012] According to another aspect.of the present
invention, there is provided a control method for an
image projection apparatus, comprising: a projection
step for projecting an input image onto a projection
surface by a projection unit; an obtaining step for
obtaining a sensed image of a range containing an image
projected onto the projection surface; a generating
step for generating a difference image between the
sensed image and the input image; a region detection
step for detecting a region corresponding to an
operation object for operating the image projection
apparatus based on the difference image; a position
detection step for detecting information relating to
the position of a particular portion of the region
corresponding to the operation objeét detected in the
region detection step; a.determination step for
determining an operation carried out by the operation
object, based on the information relating to the
position of the particular portion detected in the
position detection step; and a control step for
controlling an action corresponding to the operation
determined in the determination step.

[0013] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached

drawings.
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BRIEF DESCRIPTION OF DRAWINGS
[0014] FIG. 1 is a block diagram illustrating a
schematic configuration example of an image projection
apparatus 100 according to a first.embodiment of the
present invention;
[0015] FIG. 2 is a block diagram illustrating a
configuration example of a projected image eliminating
unit 104 in the image projection apparatus 100
according to the first embodiment of the present
invention;
[0016] FIG. 3 is a block diagram illustrating a
configuration example of a moving object region
detection unit 105 in the image projection apparatus
100 according to the first embodiment of the present
invention;
[0017] FIG. 4 is a block diagram illustrating
another configuration example of the moving object
region detection unit 105 in the image projection
apparatus 100 according to the first embodiment of the
present invention;
[0018] FIGS. 5A to 5D are diagrams schematically
illustrating in-use states of the image projection
apparatus according to the first embodiment of the
present invention}
[0019] FIG. 6 is a diagram schematically

illustrating detection of user operation in the image
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projection apparatus 100 according to the first
embodiment of the present invention;

[0020] FIG. 7 is a diagram illustrating an example
of correction information output by a camera feedback
unit 212 in the image projection apparatus 100
according to the first embodiment of the present
invention;

[0021] FIGS. 8A and 8B are diagrams illustrating
examples of correction processing carried out by a
sensed image correction unit 206 in the image
projection apparatus 100 according to the first
embodiment of the present invention;

[0022] FIG. 9 is a diagram illustrating an example
of setting the effective region of the moving object
région detection unit 105 in the image projection
apparatus 100 according to the first embodiment df the
present invention;

[0023] FIG. 10 is a block diagram illustrating a
schematic configuration example of an image projection
apparatus 1000 according to a second embodiment of the
present invention;

[0024] FIG. 11 is a block diagram illustrating a
configuration example of a particular shape region
detection unit 1014 in the image projection apparatus
1000 according to the second embodiment of the present
invention;

[0025] FIG. 12 is a diagram schematically



WO 2009/031457 PCT/JP2008/065469

illustrating detection of user operation in the image
projection apparatus 1000 according to the second
embodiment of the present invention;

[0026] FIG. 13 is a block diagram illustrating a
schematic configuration example of an image projection
apparatus 1300 according to a third embodiment of the
present invention; and >
[0027] FIG. 14 is a flowchart for explaining
operation of the image projection apparatus 1300

according to the third embodiment of the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0028] Preferred embodiments of the present
invention will now be described in detail in accordance
with the accompanying drawings.
[0029] (First Embodiment)

FIG. 1 is a block diagram illustrating a
schematic configuration example of an image projection
apparatus 100 according to a first embodiment of the
present invention.

[0030] In the image projection apparatus 100,
image signals input from a terminal 101 are input via a
GUI overlay unit 113 to a projection unit 102, and
projected onto a projection surface (a screen, a desk,
etc.) which is not shown. A camera unit 103 is used to

shoot, as moving images, images on the projection
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surface, which contain images being projected
(projected images) from the projection unit 102.

[0031] FIG. 5A shows projecting and shooting with
the use of the image projection apparatus 100 in the
present embodiment. A projected image 121 projected
from an optical system of the projection unit 102 is
projected onto a projection surface 120 such as a top
panel of a desk, while at the same time an area 122 of
the projection surface 120 containing the projected
image 121 is sensed by the camera unit 103.

[0032] FIGS. 5B to 5D are diagrams schematically
illustrating a method for a user to operate the image
.projection apparatus 100 in the present embodiment.

The image projection apparatus 100 in the present
embodiment detects user instructions on the projected
image, and operates pased on the detected user
instructions.

[0033] FIG. 5B shows the projected image 121
viewed from directly above. Then, the image projection
apparatus 100 in the present embodiment superimposes a
GUI 123 for operating the image projection apparatus
100 on the projected image 121, as shown in FIG. 5C.
The GUI 123 includes buttons 116 to 118, and a user can
press any of the buttons 116 to 118 by hand to instruct
operations corresponding to the buttons 116 to 118.
Display of the GUI 123 may be triggered by a detection

of a user's hand on the projected image.
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[0034] As shown in FIG. 5D, when it 1s detected
that a particular portion (for example, a fingertip) of
the hand operating the GUI is placed on the button 118,
the image projection apparatus 100 operates with the
assumption that the operation corresponding to the
button 118 is instructed.

[0035] Specific actions for achieving such
operations will be described below.

[0036] Image signals input from the terminal 101
are projected from the projection unit 102, as well as
supplied to a projected image eliminating unit 104.
[0037] In the projected image eliminating unit 104,
an image sensed by the camera unit 103 is compared with
a projected image from the projection unit 102, that is,
the input image from the terminal 101, to eliminate,
from the sensed image, image components being projected.
The projected image eliminating unit 104 receives
camera characteristic information from the camera unit
103 as well as controls the camera unit 103 depending
on the result of the comparison between the projected
image and the sensed image, in order to improve
accuracy in the elimination of the projected image.
Further, the projected image eliminating unit.104
receives projector chafacteristic information from the
projection unit 102 as well as controls the projection
unit 102 and the camera unit 103 depending on the

result of the comparison between the projected image
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and the sensed image, again in order to improve the
accuracy of elimination of the projected image.
Specifically, for example, color temperature
information or the like as an example of the projector
characteristic information can be used to exercise
white balance control over the camera. These types of
control will be described.

[0038] FIG. 2 is a block diagram illustrating a
configuration example of the projected image
eliminating unit 104 in the image projection apparatus
100 in the present embodiment. An input image being
projected by the projection unit 102 (an output from
the GUI overlay unit 113) is input from a terminal 201,
whereas an image being sensed by the camera unit 103 (a
camera sensed image) is input from a terminal 202.
[0039] An input image correction unit 205 corrects
input image signals, based on:

- projector characteristic information (for
example, color temperature information) supplied via a
terminal 203 from the projection unit 102;

- a difference image between the corrected input
image and the corrected camera sensed imagé obtained
from a comparison circuit 208; and

- correction information supplied from a
projector feedback unit 211,

such that the residual of the corrected input

image components in the difference image is minimized.
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This type of correction includes, for example,
correction performed by canceling projector-specific
and currently set color characteristics.

[0040] On the other hand, a sensed image
éorrection unit 206 corrects sensed image signals,
based on:

- camera characteristic information supplied from
a terminal 204;

- a difference image between the corrected input
image and the corrected camera sensed image obtained
from the comparison circuit 208; and

- correction information supplied from a camera
feedback unit 212,

such that the residual of the input image
components in the difference image is minimized.
[0041] This type of éorrection includes, for
example:

- camera-specific color characteristics and
currently set color characteristics;

- correction of luminance;

- correction of geometric distortion due to
projection (correction from a trapezoidal region 801
indicated by a solid line to a rectangular region 802
indicated by a dotted line), as shown in FIG. 8A; and

- clipping and enlargement of a region of'a
projection angle of view for eliminating discrepancy in

shooting angle of view (enlargement from an image of a
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sensed range 803 indicated by a solid line to an image
of a range 804 indicated by a dotted line), as shown in
FIG. 8B.

[0042] In the present embodiment, the input image
correction unit 205 and the sensed image correction
unit 206 are shown separately for purposes of
illustration. However, it is also possible.to reduce
the circuit scale by causing the sensed image
correction unit 206 to carry out the processing
performed by the input image correction unit 205.
[0043] A camera time delay compensation unit 207
compensates for a time delay caused in the route in
which the input image is projected by the projection
unit 102 and sensed by the camera unit 103.

[0044] The comparison circuit 208 compares the
corrected input image with the corrected camera seﬁsed
image to obtain a difference, and a threshold value
processing unit 209 extracts signals at a predetermiqed
threshold value or more in order to inhibit effects of
residual components and noise components. This allows
elimination of a projected image to be achieved, in
which false detection due to movements or shapes in the
projected images is inhibited. The output from the
threshold value processing unit 209 is éupplied to a
moving object region detection unit 105 as a result of
eliminating the input image, that is, the projected

image, from the sensed image.
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[0045] The projector feedback unit 211 outputs,
based on the corrected input information and the
corrected camera sensed image, correction information
for optimizing the operation of the projection unit 102,
from a terminal 213 to the projection unit 102. As
this correction information, information for correcting,
for example, projection distortion shown in FIG. 8A on
the projector side is conceivable.

[0046] The camera feedback unit 212 outputs, based
on the corrected input information and the corrected
camera sensed image, correction information for
optimizing the operation of the camera unit 103, from a
tefminal 214 to the camera unit 103. As this
correction information, information for correcting, for
example, the relationship between a projection angle of
view 702 and a shooting angle of view 701 shown in FIG.
7 by varying the zoom magnification of the camera is
conceivable, that is, information for correcting so
that the shooting angle of view 701 2 the projection
angle of view 702.

[0047] It is to be noted that the described
processing for correction of the input image and the
sensed image may be controlled to be executed as part
of a calibration process during start-up of the image
projection apparatus, but not to be executed any more
thereafter. Alternatively, the processing may be

executed on a regular basis, or executed based on a
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user’s instruction. For a period during which no
correction processing is carried out, the input image
correction unit 205 and the sensed image correction
unit 206 respectively supply input images and sensed
images to the comparison circuit 208 without correcting
the input images and the sensed images. In addition,
for the period, the projector feedback unit 211 and the
camera feedback unit 212 output no correction
information.

[0048] Returning to FIG. 1, the moving object
region detection unit 105 detects a region regarded as
a moving object, from the sensea image with the
projected image eliminated. In the present embodiment,
a region of a finger is detected as shown in FIGS. 5B
to 5D.

[0049] FIG. 3 is a block diagram illustrating a
configuration example of the moving object regionl
detection unit 105 in the image projection apparatus
100 in the present embodiment.

[0050] The sensed image with the projected image
eliminated is input from the projected image
eliminating unit 104 to a terminal 301. The sensed
image wiﬁh the projected image eliminated is written in
a memory 303. The memory 303 is configured to be able
to store at least two frames (screens) Qf sensed images.
[0051] In a difference circuit 302, a difference

image is generated between the input sensed image with
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the projected image eliminated and a previous sensed
image ﬁith a projected image -eliminated, which is
delayed by a predetermined period of time by the memory
303. Then, the difference image is supplied to a
threshold value processing unit 304. In other words,
the difference circuit 302 generates a difference image
bétween multiple difference images génerated by the
projected image eliminating unit 104 at different
moments of time.

[0052] The threshold value processing unit 304, in
order to eliminate noise components, extracts only
signals at a predetermined threshold value or more as
temporally varying components, and supplies the signals
to a significant region determination unit 305.

[0053] The significant region determination unit
305 determines, as a significant region, a closed
region excluding isolated points (isolated pixels) and
the like in the temporally varying components, and
outputs information relatinglto the significant region
(information for specifying the region) from a terminal
306. The probability of falsely detecting a pattern in
the background and the like as moving objects can be
limited by determining, as a significant region, the
closed region excluding isolated points.

[0054] FIG. 4 is a block diagram illustrating
another configuration example of the moving object

region detection unit 105 in the image projection
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apparatus 100 in the present embodiment.

[0055] The configuration example of FIG. 3 may
produce a period for which moving object region
detection is not able to detect a desired moving object
(here, a finger), depending on the relationship between
a detection interval TAfor a moving object and the
movement of the moving object. Therefore, in the
configuration example of FIG. 4, an image immediately
before detection of a moving object is held as a
background image (an image without moving objects).
This allows determination of a significant region even
in a caée in which a detected moving object stands
still along the way. This configuration is effective
particularly in a case in which input images, that is,
projected images are static, for example, as in the
case of playing back still images.

[0056] The sensed image with the projected image
eliminated is input from the projected image
eliminating unit 104 to a terminal 401. The sensed
image with the projected image eliminated is written in
a memory 403 via a switch 407 in a closed étate. The
memory 403 is configured to be able to store sensed
images, and configured to hold previous sensed images
supplied to the difference circuit 402 until a
significant region determination unit 405 completes
determination.

[0057] In a difference circuit 402, a difference
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image is obtained between the input seneed image with
the projected imege eliminated and a previous sensed
image with a projected image eliminated that is delayed
by a predetermined period of time by the memory 403.
Then, the difference is supplied to a threshold value
processing unit 404.

{0058] The threshold value processing unit 404, in
order to eliminate noise components, extracts only
signals at a predetermined threshold value or more as
temporally varying components, and supplies the signals
to the significant region determination unit 405.
[0059] The significant region determination unit
405 determines a significant region in the same‘way as
the significant region determination unit 305, and
outpuﬁs information relating to the significant‘region
(information for specifying the closed region) from a
terminal 406. Further, the sigﬁificant region
determination unit 405 exercises control to open the
switch 407 in a case in which there is the closed
region detected as the significant region. This
prevents new sensed images from being written in the
memory 403 such that the image containing no moving
objects, used for detection of the significant region,
is held in the memory 403 as a background image.

[0060] It is to be noted that it is also possible
to prevent unnecessary movements at the edges of the

image frame due to camera shake from being falsely
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detected, by limiting the effective region of the
moving object region detection unit 105.

[0061] FIG. 9 shows an example of the effective
region of the moving object region detéction unit 105.-
[0062] A region A 901 is a region adjacent to a
periphery of the image, anq is considered as a region
that is likely to be contained in a sensed region due
to camera shake to cause false detection of moving
objects particularly in a case in which the image
projection apparatus 100 is held by hand. Therefore,
for the region A 901, the threshold value for
determining a closed region as a significant‘region can
be made higher than the threshold value applied to a
region B 902 other than the peripheral portion of the
image. Alternatively, with the region A 901 excluded
from detection of the closed region, the closed region
may be detected from only the region B 902.

[0063] Thus, as described above, false detection
of significant regions caused by camera shake can be
inhibited by setting such an effective region.

[0064] Returning to FIG. 1, a hot spot position
detection unit 106 detects the position of a particular
portion (referred to as a hot spot) for determining
operation of a GUI, from the significant region
detected by the moving object region detection unit 105.
In the present embodiment, a portion determined as the

tip of the finger is detected from the significant
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region, and the position of the portion (hot spot
position) is detected. For a specific approach for
carrying out this detection, known techniques are
available as fingertip detection approaches according
to region tip detection or circular region detection,
and detailed descriptions thereof will be thus omitted
here. The hot spot position detected by the hot spot
position detection unit 106 is supplied to a hot spot
movement detection unit 107, a hot spot position memory
108, and a command decode unit 109.

[0065] An overlay GUI control unit 111 decides the
display position of a GUI (an operation GUI) for
operating the image projection apparatus 100, based on
device operation mode information supplied from a
terminal 112 and the detection result from the hot spot
position detection unit 106. The device operation mode
information refers to, for example, operational states
such as PLAY and STOP provided from a system controller
(or a mode controller) of the device. Based on the
device operation mode information, a GUI in the shape
according to the operational state can be displayed.
The overlay GUI control unit 111 decides a GUI image to
be overlay displayed and the display position thereof
from the relative positions of the GUI according to the
device operation mode information and the hot spot, and
outputs the GUI image aﬁd the display position to the

GUI overlay unit 113. The overlay GUI control unit 111



WO 2009/031457 PCT/JP2008/065469

- 20 -

decides, for example, a position which is easy to
operate with respect to the detected hot spot position,
as the display position. Specifically, for example, a
neighborhood position without being hidden behind a
hand immediately after being displayed or protruding
from the screen can be determined as the display
position.

[0066] Further, the GUI overlay unit 113
superimposes an operation GUI image prepared in advance
onto an image projected from the projection unit 102,
depending on the display position and GUI image from
the overlay GUI control unit 111, and supplies to the
projection unit 102 the operation GUI image
superimposed onto the image projected from the
projection unit 102. This results in the operation GUI
image overlay being displayed (superimposed) on the
projected image.

[0067] For example, as shown in FIG. 5C, the
operation GUI can be displayed when a region of a
user’s hand is detected by the moving object region
detection unit 105 as a significant region and the
position of a fingertip is detected by the hot spot
position detection unit 106 as a hot spot position.
[0068] The hqt spot movement detection unit 107
compares the hot spot position detected by the hot spot
position detection unit 106 with previous position

history stored in the hot spot position memory 108 to
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detect movements of the hot spot. The hot spot
movement detection unit 107 outputs information
relating to the detected movements of the hot spot (for
example, information indicating types of movements
(such as circular motion and linear motibn)) to the
command decode unit 109.

[0069] The command decode unit 109 determines the
operation carried out on the operation GUI by the user,
from:

- the hot spot positioﬁ detected in the hot spot
position detection unit 106;

- the information relating to movements of the
hot spot, which is supplied from the hot spot movement
detection unit 107; and

- the GUI display position information supplied

| from the overlay GUI control unit 111,

generates a corresponding device control command,
and outputs the device control command to a system
control unit 110.

[0070] The system control unit 110 controls
components which are not shown in the figure, and
carries out processing in accordance with the device
control command. For example, if the device control
command is a command for switching the projected image,
image data to be displayed next is read from a storage
device that is not shown in the figure and supplied via

the terminal 101 to the overlay unit 113.
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[0071] " As examples of the operation determined by
the command decode unit 109, the following is
conceivable.

[0072] For example, in FIG. 5D, in a case in which
information on a hot spot movement corresponding to a
particular geéture is detected, for example, in a
circular motion of the hot spot position on a
particular area on the operation GUI, it is determined
that the operation assigned to that particular area is
instructed.

[0073] In a case in which the moving object region
detection unit 105 takes the configuration of FIG. 4,
as in the function of playing back still images, it is
possible to detect the hot spot positién even with the
object in a static state. Therefore, in a case in
which the hot spot stands still on the particular area
for a predetermined period of time, it is also possible
to determine that the operation assigned to that
particular area is instructed.

[0074] In each case, the command decode unit 109
generates a device control command in accordance with
the determined operation, and outputs the device
control command to the system control unit 110.

[0075] FIG. 6 is a diagram schematically
illustrating detection of user operation in the image
projection apparatus 100 in the present embodiment.

[0076] In the example of FIG. 6, an input image

s
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601, that is, a projected image is a face mark, and
there is a star pattern on a projection surface to
serve as a background. Therefore, the face mark and
the star pattern are both contained in a sensed image
602. A detection interval T corresponds‘to an interval
of detection processing, which is decided by an
interval of writing in the memory 303 of FIG. 3. In
the example of FIG. 6, it is assumed that a hand as an
object for operating an operation GUI comes into the
sensed range of the camera unit 103 after a lapse of
the detection interval T.

[0077] It is to be noted that, although not shown
in FIG. 6, iﬁ a case in which the operation GUI is
.superimposed, the operation GUI image is contained in
the input image 601.

[0078] In S1 of FIG. 6, the input image 601 (that
is, the projected image) is eliminated from the sensed
image 602 in the projected image eliminating unit 104.
'A difference image 603 obtained by this processing
contains only the star background pattern, regardless
of whether or not the operation GUI image is contained
in the input image 601. Further, the image after the
detection interval T is also processed in the same way.
In other words, the input image 601 is removed from the
sensed image 604. An image 605 thus obtained contains
a user’s hand 606 which has come into the sensed region

and the star pattern, regardless of whether or not the
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operation GUI image is contained in the input image 601.
[0079] In S2, the moving object region detection
unit 105 compares the two.difference images 603 and 605
with the projected images eliminated, which are
temporally separated by the detection interval T, and
detects a moving object region. This processiﬁg
eliminates the projected image and the background
pattern without variation with time, thereby obtaining
an image 608 containing only the hand 606. Thus, the
region of the hand 606 is determined as a significant
region, that is, a moving object region.

[0080] In S3, the hot spot position detection unit
106 detects, from the region determined as a moving
object region in S2, the position of a particular
portion (here, a fingertip) to be used for detecting
operations on the operation GUI, as a hot spot position
607.

[0081] In S4, the hot spot movement detection unit
107 detects movements of the hot spot from temporal
variations of the hot spot position 607 detected in S3.
[0082] In S5, the command decode unit 109
specifies, in a case in which the operation GUI 609 is
displayed, the display position of an operation GUI 609
and an operation instructed by the user from the
movement of the hot spot detected in S4 and the
position of the hot spot, and outputs a corresponding

device operation command.
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[0083] As described above, according to the
present embodiment, a GUI image superimposed on a
projected image can be used to carry out operations on
the image projection apparatus, without the use of keys
or button of the image projection apparatus itself.
Therefore, even in a case in which projection is
carried out with the image projection apparatus held by
a hand, the image projection apparatus can be operated
while inhibiting the possibilities of projected images
being blurred or distorted. Thus, the present
embodiment can be particularly preferably applied to
small devices such as cellular phones. Further, since
an object for operating the GUI image, for example a
hand, isvdetected based on the difference between
sensed images,.the processing is easy, and it is
unnecessary to use a special image sensing apparatus
such as an infrared camera. In particular, current
cellular phonés already have built-in cameras, and the
existing cameras can be diverted without newly adding
cameras.
[0084] Furthermore, holding, as a background image,
a sensed image from which an object (operation object)
for opérating the GUI image is not detected allows
detection of the operation object to be more secure.
[0085] (Second Embodiment)

FIG. 10 is a block diagram illustrating a

schematic configuration example of an image projection
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apparatus according to a second embodiment of the
present invention. In FIG. 10, the same components as
those of FIG. 1 are denoted by the same reference
numerals, and overlapping descriptions thereof will be
omitted.

[0086] As is clear from a comparison between FIGS.
1 and 10, an image projection apparatus 1000 in the
present embodiment is characterized in that a
particular shape region detection unit 1014 and a
particular shape memory 1015 are provided instead of
the moving object region detection unit 105. Thus, the
‘following description concentrates on this
characteristic configuration.

[0087] The particular shape region detection unit
1014 detects a region considered to have a high degree
of similarity to a particular shape stored in the
particular shabe memory 1015 from a sensed image with a
projected image eliminated that is output from a
projected image elimination unit 104. In the present
.embodiment, it is assumed that shape feature quantity
information on, for example, the shape of a hand és
shown in FIGS. 5C and 5D, is stored in the particular
shape memory 1015 as information on the particular
shape. Further, the particular shape region detection
unit 1014 detects, as‘a particular shape region, a
region considered to have a high degree of similarity

to the shape of the hand, based on the shape feature
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quantity information on the shape of the hand. Then, a
hot spot position detection unit 106 detects a
particular portion of the detected particular shape
region as a hot spot, and detects the position thereof
(hot spot position).
[0088] FIG. 11 is a block diagram illustrating a
configuration example of the particular shape region
detection unit 1014 in the image projection apparatus
1000 in the present embodiment.
[0089] The sensed image with the projected image
eliminated is input to a terminal 1101 from the
projected image.elimination unit 104. In a spatial
filter unit 1102, predetermined smoothing is carried
out for eliminating random noise components. A shape
detection unit 1103 detects, based on the shape feature
quantity information obtained via a terminal 1104 from
the particular shape memery 1015, a particular shape
- region in the sensed image with the projected image
eliminated, and outputs from a terminal 1105
information for specifying the detected particular_
shape region.
[0090] The method for detecting the particular
shape region in the shape detection unit 1103 is not
particularly limited, and thus, for example, a well-
known region detection algorithm. can be used by
comparison of region splitting using the luminance

level, the hue, and the like with the shape feature
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quantity which is independent of rotation or scaling of
the shape.

[0091] _ The hot spot position detection unit 106
detects, from the particular shape region detected by
the particular shape regidn detection unit 1014, a
particular portion to be used for determining
operations on an operation GUI, for example, a
fingertip as a hot spot, and detects the position
thereof (hot spot position). As in the first
embodiment, for a specific approach for carrying out
this detection, known techniques are available as
fingertip detection approaches according to region tip
detection or circular region detection, and detailed
descriptions thereof will be thus omitted here.

[0092] Processing carried out by the other
components is as described in the first embodiment, and
descriptions thefeof will be omitted.

[0093] FIG. 12 is a diagrém schematically
illustrating detection of user operation in the image
projection apparatus 1000 in the present embodiment.
f0094] In the present embodiment, the particular
shape region is detected, and it is thus unlikely that
a pattern or the like existing on the projection
surface will be falsely detected. Therefore, it is not
necessary to obtain the difference betweeﬂ two sensed
images with projected images eliminated as in the first

embodiment.
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[0095] Also in the example of FiG. 12, an input
image 601, that is, a projected image is a face mark,
and there is a star pattern on a projection surface to
serve as a background. Therefore, the face mark and
the star pattern are both contained in a sensed image
602. Although not shown in FIG. 12, in a casevin which
an operation GUI is superimposed, the input image 601
contains an image of the operation GUI.

[0096] The example of FIG. 12 differs from the
example of FIG. 6 in that there is a hand 606 as an
opefation object in a sensed range (that is, contained
in the sensed image 602) from the beginning.

[0097) In S11 of FIG. 12, the input image 601
(that is, the projected image) is eliminated from the
sensed image 602 in fhe projected image elimination
unit 104. A difference image 603 obtained by this
processing contains the star background pattern and the
hand 606, regardless of whether or not the operation
GUI image is contained in the input image 601.

[0098] In S12, the particular shape region
detection unit 1014 detects a particular shape region
from the sensed image with the projected image
eliminated, which is output from the projected image
elimination unit 104. In the present embodiment, since
a hand-shaped region is detected as the particular
shape region, the region of the hand 606 is detected.

[0099] In S13, the hot spot position detection
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- unit 106 detects, from the region detected as the
particular shape region in S12, the position of a
particular portion (here, a fingertip) to be used for
determining operations on the operation GUI as a hot
spot position 607.

[0100] In S14, a hot spot movement detection unit
107 detects movements of the hot spot, from tempofal
variations of the hot spot position 607 detected in S13.
[0101] In S15, a command decode unit 109 specifies,
in a case in which the operation GUI 609 is displayed,
the display position of an operation GUI 609 and an
operation instructed by the user from the movement of
the hot spot detected in S14 and the position of the
hot spot, and outputs a corresponding deviée operation
command.
[0102] As described above, according to the
present invention, in addition to the advantageous
effects of the first embodiment, the configuration for
detecting the particular shape region eliminates the
need for obtaining the difference between sensed images
with input images eliminated, which are temporally
separated by a detection interval T. Therefore, a more
simplified configuration can be achieved.
[0103] (Third Embodiment)

FIG. 13 is a block diagram illustrating a
schematic configuration example of an image projection

apparatus according to a third embodiment of the
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present invention. In FIG. 13, the same components as
those of FIG. 1 or 10 are denoted by the same reference
numerals, and overlapping descriptions thereof will be
omitted.

[0104] As is clear from FIG. 13, an image
projection apparatus 1300 in the present embodiment
includes both a moving object region detection unit 105,
and a particular shape region detection unit 1014 and a
particular shape memory 1015, and is characterized in
that moving object region detection as in the first
embodiment and particular shape region detection as in
the second embodiment are used adaptively and
selectively in accordance with control exercised by a
detection control unit 1317. Thus, the following
description will concentrate on this characteristic
configuration.

[0105] The moving object region detection unit 105
detects a significant region regarded as a moving
object, from a sensed image with a projeqted image
eliminated, which is output from a prqjected image
elimination unit 104. Although the configuration of
the moving object region detection unit 105 is as
described in the first embodiment with reference to FIG.
3, in a case in which the significant region is
detected in the present embodiment, the shape feature
quantity as information for specifyiﬁg the significant

region is stored in a particular shape memory 1015 in
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accordance with control exercised by the detection
control unit 1317.

[0106] | On the other hand, the particular shape
region detection unit 1014 detects, as described in the
second embodiment, a region considered to have a high
degree of similarity to a particular shape from the
sensed image with the projected image eliminated, based
on the shape feature quantity of the particular shape
stored in the particular shape memory 1015. 1In the
present embodiment, for the shape feature quantity to
be used here, in a case in which a significant regidn
is detected, the shape feature quantity of that
significant region is used to detect a particular shape
region. Moré specifically, subsequent particular shape
region detection is carried out with the use of, as the
particular shape, the shape of the significant region
detected in the moving object region detection unit 105.
[0o107] The particular shape region detection unit
1014 is also as described in the second embodiment, and
the description thereof will be thus omitted.

[0108] The detection control unit 1317 switches a
switch 1316 in accordance with the detection result
from the moving object region detection unit 105 and
the detection result from the particular shape region
detection unit 1014, and selects region informétion to
be supplied to a hot spot position detection unit 106.

[0109] More specifically, the detection control
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unit 1317 switches the switch 1316 such that the output
from the moving object region detection unit 105 is
selected when the region of the operation object is not
detected, as shown in FIG. 5B. Further, the detection
control unit 1317 switches the switch 1316 such that
the output from the particular shape region detection
unit 1014 is selected when the region of the operation
object is detected, as shown in FIG. 5C. 1In addition,
in this case, the detection control unit 1317 instructs
the moving object region detection unit 105 to write
the shape feature quantity of the detected moving
object region (significant region) in the particular
shape memory 1015.

[0110] After thét, in a case in which no
particular shape region becomes able to be detected in
the particuiar shape region detection unit 1014, the
detection control unit 1317 clears the particular shape
memory 1015, and switches the switch 1316 such that the
output from the moving object region detection unit 105
is selected.

[0111] FQllowing the detected operation object
region in accordance with such adaptive selection
processing allows detection of the hot spot even when
the object stands still. Further, false detection due
to the still background pattern can be prevented.

[0112] The processing carried out by the hot spot

position detection unit 106 and subsequent units is as
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described above, and descriptions thereof will be thus
omitted.

[0113] The operation of the image projection
apparatus described above in the present embodiment
will be described in more detail with reference to a
flowchart shown in FIG. 14. Initially, the switch 1316
is controlled such that the output from the moving
object region detection unit 105 is selected.

[0114] In S1402, the detection control unit 1317
clears the particular shape memory 1015.

[0115] - In S1404, the moving object region
detection unit 105 detects a moving object region (a
significant region) as described in the first
embodiment.

[0116] In S1405, the hot spot position detection
unit 106 determines whether or not a significant hot
spot (for example, a portion regarded as a fingertip)
can be detected in the moving object region detected by
the moving object region detection unit 105. The hot
spot position detection unit 106 notifies the detection
control unit 1317 of the determination result. If no
significant hot spot can be detected in the hot spot
position detection unit 106,‘the process is returned to
S1404 to continue detection processing in the moving
object region detection unit 105. It is to be noted
that while no significant hot spot can be detected in

the hot spot position detection unit 106, the detection
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control unit 1317 keeps the switch 1316 so as to select
the output from the moving object region detection unit
105.

[0117] Oon the other hand, in S1405, in a case in
which a significant hot spot can be detected in the hot
spot position detection unit 106, in S1406 the
detection control unit 1317 instructs the moving object
region detection unit 105 to register the shape feature
quéntity of the detected moving object region in the
particular shape memory 1015. Further, the detection
control unit 1317 switches thé switch 1316 such that
the output from particular shape region detection unit
1014 is selected.

[0118] In S$1409, the particular shépe region
detection unit 1014 uses the shape feature quantity
registered in the particular shape memory 1015 by the
moving object region detection unit 105 to detect a
particular shape region as described in the second
embodiment.

[0119] In S1410, the detection control unit 1317
determines the detection result in the particular shape
regiqn detection unit 1014, and in a case in which no
particular shape region can be detected, the processing
is returned to S1402 to move to the moving object
detection mode. In this case, the detection control
unit 1317 switches the switch 1316 such that the output

from the moving object region detection unit 105 is
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selected.

{0120] On the other hand, in a case in which a
particular shape region can be detected in the
particular shape region detection unit 1014, the hot
spot position detection unit 106 detects a hot spot and
the position thereof from the detected particular shape
region in S1411.

[0121] In S1412, a hot spot movement detection
unit 107 detects movements of the hot spot position
detected by the hot spot position detection unit 106.
In S1413, the command decode unit 109 determines a user
" operation based on the movements of the hot spot and
the display position of the operation GUI, issues a
device control command depending on the determination
result, and outputs the device control command to a
system control unit 110.

[0122] Then, the processing from $1409 is repeated.
[0123] As described above, according to the
present embodiment, in additien to the advantageous
effects of the first and second embodiments, the use of
the shape of a significant region detected from an
actual sensed image for detecting a particular shape
region has the advantageous effect that the particular
shape region can be detected with better accuracy.
Further, user operations can be appropriately detected
and determined under various conditions by adaptively

switching between moving object detection and
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particular shape detection.
[0124] (Other Embodiments)

In each of the embodiments described above, the
case has been described where the operation object used
for operating the operation GUI is a hand. However,
for example, even in a case in which the user does not
‘operate the operation GUI directly by hand, the present
invention is applicable. For example, in a case in
which the user utilizes a pen, a pointer, or the like
to operate the operation GUI, the pen or pointer can be
treated as the operation object instead of the hand.
For example, the case may be configured in such a way
that the shape feature gquantity of the pen or pointer
is used to detect a particular shape region, and that
the tip of the pen or indicator may be detected as a
particular portion (hot spot). As described above, the
present invention may essentially employ any method for
detection of the shape or position of the operation
objeét.

[0125] ' Further, the command decode unit 109 may
determine a user operation without the use of position
information on the operation GUI. For example, in a
case in which the hot spot circulates, the particular
movement itself of the hot spot may be determined as a
command. Specifically, the circular motion.of the hot
spot can be determined as a display command for the

operation GUI.
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[0126] it is to be noted that also in a case in .
which the hot spot keeps still for a predetermined
period of time or more, the standing-still can be
regarded as “the particular movement of the hot spot”
herein, that is, determined as a user operation.

[0127] As described above, in a case in which a
user operation is determined independently of the
operation GUI, the user can gesture to operate the
image projection apparatus. Thus, the image of the
operation GUI does not interfere with seeing an input
image. In addition, the user may gesture in any
location on thevprojected image, not in a particular
region of the operation GUI, which thus has the
advantage of a high degree of freedom in operation.
[0128] It goes without saying that the
determination of a user operation with the use of the
operation GUI and the operation of a user operation
based on only position information on the hot spot (the
position and temporal variations thereof) can be
executed in combination. For example, the
determination of a user operation based on only
position information on the hot spot can be executed
for an operation for displaying the operation GUI,
whereas the determination of a user operation based on
both the display position of the operation GUI and
position information on the hot spot can be carried out

after displaying the operation GUI.
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[0129] Further, although configurations of the
image projection apparatuses provided with the .camera
unit have been descried in the embodiments described
above, no camera unit has to be provided as long as a
sensed image of a projection surface containing a
projeéted image can be obtained.

[0130] While the present invention has been
described with referencelto exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accofded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0131] This application ciaims the benefit of
Japanese Patent Application No. 2007-229456, filedAon
September 4, 2007, which is hereby incorporated by

reference herein its entirety.
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1. An image projection apparatus comprising:

a projection unit adapted to project an input
image onto a projection surface;

an obtaining unit adapted to obtain a sensed
image of a range containing an image projected onto the
projection surface;

a generating unit adapted to generate a
difference image between the sensed image and the input
image;

a region detection unit adapted to detect a
region corresponding to an operation object for
operating the image projection apparatus, based on the
difference image;

a position detection unit adapted to detect
information relating to a position of a particular
portion of the region corresponding to the operation
object detected by the region detection unit;

a determination unit adapted to determine an
operation carried out by the operation object, based on
the information relating to the position of the
particular portion detected by the position detection
unit; and

a control unit adapted to execute an action
corresponding to the operation determined by the

determination unit.
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2. The image projection apparatus according to claim
1, wherein the region detection unit detects the region
corresponding to the operation object, based on a
difference image of ‘a plurality of the difference
images generated by the generating unit at different

moments of time.

3. The image projection apparatus according to claim
1, wherein the region detection unit detects, as the
region corresponding to the operation object, a region
in the différence image generated by the generating

unit, that is similar to a predetermined shape.

4. The image projection apparatus according to claim
1, wherein the region detection unit first detects the
region corresponding to the bperationvobject, based on
a difference image of a plurality of the difference
images generated by the generating unit at different
moments of time, and after the region corresponding to
the operation object is detected detects, as the region
corresponding to the operation object, a region in the
difference image generated by the generating unit that
is similar to the shape of the detected region

corresponding to the operation object.

5. The image projection apparatus according to claim
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2} wherein the region detection unit includes a storage
unit adapted to store a previous difference image
previously generated by the generating unit, and detect
the region corresponding to the operation object, based
on a difference image between the difference image
generated by the generating unit and the previous

difference image stored in the storage unit.

6. The image projection apparatus according to claim
,5, wherein the region detection unit stores, in the
storage unit, a difference image from the generating
unit when the region corresponding to the operation

object is not detected.

7. The image projection apparatus according to any
one of claims 1 to 6, further comprising an overlay
unit adapted to supply, to the projection unit, the
input image on which a GUI image for operating the
image projection apparatus is superimposed,

wherein the determination unit determines the
operation carried out by the operation object, based on
the information relating to the position of the
particular portion detected by the position detection
unit and information relating to the position of the

GUI image.

8. A control method for an image projection
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apparatus, comprising:

a projection step for projecting an input image
onto a projection surface by a projection unit;

an obtaining step for obtaining a sensed image of
a range containing an image projected onto the
projection surface;

a generating step for generating a difference
image between the sensed image and the input image;

a region detection step for detecting a region
corresponding to an operation object for operating the
image projection apparat;s based on the difference
image;

a position detection step for detecting
information relating to the position of a particular
portion of the region corresponding to the operation
object detected in the region detection step;

a determination step for determining an operation
carried out by the operation object, based on the
information relating to the position of the particulér
portion detected in the position detection step; and

a control step for controlling an action
corresponding to the operation determined in the

determination step.
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