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(57) Abstract: An image supply device used with an image display device ad-
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apted to display an image on a display surface and an operation detection
device adapted to detect an indication location in accordance with a position
indication operation on the display surface includes a drawing section adapted
to generate a superimposition image to be displayed while being superimposed
on an original image based on the indication location detected by the opera-
tion detection device, a first image generation section adapted to generate a
first composite image by superimposing the superimposition image generated
by the drawing section on the original image, a second image generation sec-
tion for generating a second composite image by superimposing an operating
image for instructing a process of the superimposition image generated by the
drawing section on the first composite image in response to a change in the
original image, and an output section adapted to output the second composite
image to the image display device.
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Description

Title of Invention: IMAGE SUPPLY DEVICE, IMAGE DISPLAY
SYSTEM, METHOD OF CONTROLLING IMAGE SUPPLY
DEVICE, IMAGE DISPLAY DEVICE, AND RECORDING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

MEDIUM

Cross Reference
The entire disclosure of Japanese Patent Application No.2011-059053, filed March

17,2011 is expressly incorporated by reference herein.

Technical Field

The present invention relates to an image supply device for outputting an image to an
image display device, an image display system, a method of controlling an image

supply device, an image display device, and recording medium.

Background Art

In the past, there has been known a system making it possible to perform handwriting
input by performing an operation on a display surface with a coordinate input device
such as a stylus (see, e.g., PTL1). In the case of performing drawing or instructing in-
formation processing using a coordinate input device as the system described in PTL1,
a graphical user interface (GUI) using graphics for an operation such as a menu screen
is adopted. In the system of PTL1, a menu screen as a graphics for operation is
disposed on a display screen to thereby make it possible to process the information

input by handwriting by operating the menu screen.
Citation List

Patent Literature

PTL 1: JP-A-2009-157448

Summary of Invention

Technical Problem

Incidentally, if the graphics for an operation such as a menu screen is displayed, the
operation such as drawing becomes unachievable at the display location thereof, and
therefore, if the graphics for an operation is unnecessarily displayed, the operability
might be damaged. On the other hand, it can be a factor of damaging the operability
that the graphics for an operation is not displayed when needed. Therefore, there has
been demanded a control method for displaying the operating graphics of GUI when

needed while preventing the operating graphics from hindering other operations.

Solution to Problem

An advantage of some aspects of the invention is to appropriately display the
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operating graphics of GUI, which allows position input by an operation on the display
having an image displayed, so as not to hinder the operation.

One aspect of the invention is directed to an image supply device used with an image
display device adapted to display an image on a display surface and an operation
detection device adapted to detect an indication location in accordance with a position
indication operation on the display surface. The image supply device includes a
drawing section adapted to generate a superimposition image to be displayed while
being superimposed on an original image based on the indication location detected by
the operation detection device, a first image generation section adapted to generate a
first composite image by superimposing the superimposition image generated by the
drawing section on the original image, a second image generation section adapted to
generate a second composite image by superimposing an operating image for in-
structing a process of the superimposition image generated by the drawing section on
the first composite image in response to a change in the original image, and an output
section adapted to output the second composite image to the image display device.

According to the aspect of the invention, the superimposition image is generated in
accordance with the operation to the display surface, and the superimposition image is
displayed while being superimposed on the original display image, and further, if the
change in the original display image occurs, the operating image for instructing the
process of the superimposition image is displayed. Thus, when executing the function
of generating and then displaying the image in accordance with the operation, the
operating image for instructing the process of the image thus generated can be
displayed when needed so as not to hinder the operation for generating the image.

The operating image capable of allowing instruction to store or erase the superim-
position image generated by the operation to the display surface or the first composite
image obtained by superimposing the superimposition image on the original image
may be displayed when needed, and therefore the operation of erasing the image or the
operation of storing the image can promptly be performed.

The operating image may be displayed in the vicinity of the operation location to
thereby achieve enhancement of the convenience, and the operating image may be
displayed at a place distant from the operation location so as not to hinder the
operation, thus the enhancement of the operability can be achieved.

Another aspect of the invention is directed to an image display system including the
image supply device described above, the image display device adapted to display an
image output by the image supply device on a display surface, and the operation
detection device adapted to detect an indication location in accordance with a position
indication operation in the display surface.

According to the aspect of the invention, the superimposition image is generated in
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accordance with the operation to the display surface, and the superimposition image is
displayed while being superimposed on the original display image, and further, if the
change in the original display image occurs, the operating image for instructing the
process of the superimposition image is displayed. Thus, when executing the function
of generating and then displaying the image in accordance with the operation, the
operating image for instructing the process of the image thus generated can be
displayed when needed so as not to hinder the operation for generating the image.

The operating image may be displayed by a specific operation of an operating device,
and therefore, in addition to the function of displaying the operating image in response
to the change in the display image, the operating image can intentionally be called up
by the operator when needed. Thus, further enhancement of the operability can be
achieved reflecting the intention of the operator.

The image display system described above may be configured such that the image
display device is provided with the operation detection device, and in this case, by
detecting the operation to the display surface by the image display device, it is possible
to reduce the number of devices in the vicinity of the screen SC to thereby enhance the
installability, and further, the operation can more accurately be detected.

Still another aspect of the invention is directed to an image display device adapted to
display an image on a display surface, including a drawing section adapted to generate
a superimposition image to be displayed while being superimposed on an original
image based on an indication location detected by an operation detection device
adapted to detect the indication location in response to a position indication operation
in the display surface, a first image generation section adapted to generate a first
composite image by superimposing the superimposition image generated by the
drawing section on the original image, a second image generation section adapted to
generate a second composite image by superimposing an operating image for in-
structing a process of the superimposition image generated by the drawing section on
the first composite image in response to a change in the original image, and a display
section adapted to display the second composite image.

According to the aspect of the invention, the image display device generates the su-
perimposition image in accordance with the operation to the display surface, and the
superimposition image is displayed while being superimposed on the original display
image, and further, if the change in the original display image occurs, the operating
image for instructing the process of the superimposition image is displayed. Thus,
when executing the function of generating and then displaying the image in accordance
with the operation, the operating image for instructing the process of the image thus
generated can be displayed when needed so as not to hinder the operation for

generating the image.
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Yet another aspect of the invention is directed to a method of controlling an image
supply device used with an image display device adapted to display an image on a
display surface and an operation detection device adapted to detect an indication
location in accordance with a position indication operation on the display surface. The
method includes obtaining a displaying image and outputting the displaying image to
the image display device, generating a superimposition image to be displayed while
being superimposed on an original image based on the indication location detected by
the operation detection device, generating a first composite image by superimposing
the superimposition image generated on the original image and then outputting the first
composite image to the image display device, generating a second composite image by
superimposing an operating image for instructing a process of the superimposition
image generated on the first composite image in response to a change in the original

image, and outputting the second composite image to the image display device.
By executing the control method of the aspect of the invention, the superimposition

image is generated in accordance with the operation to the display surface, and the su-
perimposition image is displayed while being superimposed on the original display
image, and further, if the change in the original display image occurs, the operating
image for instructing the process of the superimposition image is displayed. Thus,
when executing the function of generating and then displaying the image in accordance
with the operation, the operating image for instructing the process of the image thus
generated can be displayed when needed so as not to hinder the operation for
generating the image.

Still yet another aspect of the invention is directed to a computer readable recording
medium used with an image display device adapted to display an image on a display
surface and an operation detection device adapted to detect an indication location in
accordance with a position indication operation on the display surface, and storing a
program for making the computer function as a drawing section adapted to generate a
superimposition image to be displayed while being superimposed on an original image
based on the indication location detected by the operation detection device, a first
image generation section adapted to generate a first composite image by super-
imposing the superimposition image generated by the drawing section on the original
image, a second image generation section adapted to generate a second composite
image by superimposing an operating image for instructing a process of the superim-
position image generated by the drawing section on the first composite image in
response to a change in the original image, and an output section adapted to output the

second composite image to the image display device in a computer readable manner.

Advantageous Effects of Invention



WO 2012/124329 PCT/JP2012/001793

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

According to the aspects of the invention, when executing the function of generating
and then displaying the image in accordance with the operation, the operating image
for instructing the process of the image thus generated can be displayed when needed
so as not to hinder the operation for generating the image.

Brief Description of Drawings

[fig.1]Fig. 1 is a diagram showing a configuration of a display system according to an
embodiment of the invention.

[fig.2]Fig. 2 is a diagram showing how an operation on a screen with a stylus device is
performed.

[fig.3]Fig. 3 is a block diagram showing a functional configuration of the display
system.

[fig.4]Fig. 4 illustrates diagrams showing how a menu bar is displayed on a screen and
shows an example with no menu bar displayed, wherein (A) shows an example with no
menu bar displayed, (B) shows an example with the displaying image changed, and (C)
shows an example with the menu bar displayed.

[fig.5]Fig. 5 is a diagram showing a configuration example of an operating graphics.
[fig.6]Fig. 6 is a diagram showing another example of how an operating graphics is
displayed.

[fig.7]Fig. 7 is a flowchart showing an operation of a display system.

Description of Embodiment

An embodiment to which the invention is applied will hereinafter be explained with
reference to the accompanying drawings.

Fig. 1 is a diagram showing a configuration of a display system 10 according to the
embodiment.

The display system 10 (an image display system) is configured including a projector
11 for projecting an image on a screen SC, and a personal computer (PC) 13 for
transmitting the image to the projector 11. The projector 11 and the PC 13 are
connected so as to be able to communicate with each other via a communication
network 12, and further, a plurality of PCs 13 are connected to the communication
network 12. Each of the PCs 13 is capable of executing a projector control program
13A for controlling the projector 11, and of individually controlling the projector 11,
but the number of PCs 13 which can control the projector 11 simultaneously is one.
Therefore, each of the PCs 13 can start the control of the projector 11 in the condition
in which no other PC 13 is controlling the projector 11.

The communication network 12 is a LAN configured pursuant to, for example, the
Ethernet (registered trademark) standard, but can be partially composed of a public

network or an exclusive line to thereby have the PC 13 in a remote location connected
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thereto, and the specific configuration of the communication network 12 can arbitrarily
be determined. Further, the number of the PCs 13 provided to the display system 10 is
not particularly limited. Since the PCs 13 have substantially the same configurations,
Fig. 1 shows a functional block with respect to one of the PCs 13.

The projector 11 functions as an image display device, and projects a displaying
image 201, which is input from the PC 13, to the screen SC. Further, the projector 11
functions as an operation detection device, and when a stylus device 15(pointing
object) is operated on the screen SC, the projector 11 detects the operation location of
the stylus device 15, and then transmits the location thus detected to the PC 13. In the
display system 10, there is provided a function that when the stylus device 15 is
operated on the screen SC, a drawing image 211 is drawn so as to follow the operation
of the stylus device 15, and the drawing image 211 is projected on the screen SC while
being superimposed on the displaying image 201 presently projected thereon. Thus, it
is possible to draw a picture overlapping the displaying image 201, or to write
characters and symbols in the displaying image 201 while executing a presentation
using the displaying image 201. Further, the stylus device 15 is provided with a switch
15A, and the projector 11 displays a menu bar 221 (Fig. 4(C)) described later when
detecting the operation of the switch 15A.

Fig. 2 is a diagram showing how the operation to the screen SC by the stylus device
15 is performed.

In the example shown in Fig. 2, the projector 11 is used in the condition in which a
top surface section 2A provided with an opening section (not shown) for projecting an
image is aimed downward, and is used while a bottom section 2B on the opposite side
to the top surface section 2A is fixed to an arm 14 attached to a wall surface provided
with the screen SC. The bottom surface section 2B is provided with a plurality of at-
tachment sections, to which clasps to be coupled to the arm 14 can be attached,
disposed at appropriate places, and is provided with a cable connection section (not
shown) to which communication cables to be coupled to an external device such as PC
13, power supply cables of the projector 11, and so on are connected. These cables
penetrate the arm 14, and are distributed in the ceiling and inside the wall surfaces of a
room in which the display system 10 is installed. Further, the screen SC is not limited
to a flat plate fixed to the wall surface, but it is also possible to use the wall surface
itself as the screen SC.

An exterior housing 2 of the projector 11 is provided with a tilted surface 21A aimed
toward the screen SC in the installation condition shown in Fig. 2, and a projection
optical system 33 (Fig. 3) described later projects the projection light from the tilted
surface 21A toward the screen SC. Therefore, as shown in Fig. 2, the screen SC is ir-

radiated with the projection light from obliquely above, and the image is projected
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[0030]  Here, the operator who operates the stylus device 15 stands in front of the screen SC,

[0031]

[0032]

[0033]

[0034]

and performs an operation of moving the stylus device 15 on the screen SC, or pointing
a location on the screen SC with the stylus device 15. The stylus device 15 is provided
with a light emitting section (not shown) for emitting infrared light, and the projector
11 has a function of receiving the infrared light emitted by the stylus device 15 to
thereby detect the location of the stylus device 15 in the screen SC. Specifically, the
stylus device 15 has a configuration provided with a light emitting window incor-
porating an infrared LED disposed on the side surface to thereby emit the infrared light
from the light emitting window, and the projector 11 has an infrared light image taking
section for detecting the infrared light disposed on the tilted surface 21A to thereby
take the image of the screen SC from the tilted surface 21A. According to this con-
figuration, the location of the stylus device 15 on the screen SC can be detected by the
projector 11. The stylus device 15 may be pen-shaped, in the shape of a rod, or in other
form.

Further, the projector 11 projects a predetermined image for adjustment on the screen
SC prior to beginning of use of the stylus device 15 to allow the operation of se-
quentially pointing the points on the image for adjustment with the stylus device 15 to
thereby perform calibration of the detected location.

Further, the stylus device 15 is provided with the switch 15A which can be operated
by pressing disposed on the side surface, and if the operator holds down the switch
15A, an infrared signal representing the operation of the switch 15A is transmitted
from the light emitting section of the stylus device 15. By the projector 11 receiving
and then decoding the infrared signal, the projector 11 can detect the location pointed
by the stylus device 15 and the operation of the switch 15A at that location. The
projector 11 transmits the information representing the location thus detected and
presence or absence of the operation of the switch 15A to the PC 13.

Based on the location information received from the projector 11, the PC 13
performs a process of, for example, performing drawing on the projection image at that
location in an overlapping manner to thereby form a new projection image, and thus
reflects the content of the position input operation to the projection image.

Further, as shown in Fig. 1, the PC 13 is provided with a CPU 131 for executing a
basic control program to thereby control each part, and at the same time executing
various application programs to thereby realize functions as an image supply device, a
ROM 132 for storing the basic control program and so on executed by the CPU 131 in
a nonvolatile manner, a RAM 133 for temporarily storing the programs executed by
the CPU 131, the data processed by the CPU 131, and so on, a storage section 134 for
storing the application programs executed by the CPU 131 and the data processed by
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[0036]
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the functions of the application programs, an input section 135 for detecting an input
operation with an input device such as a keyboard or a mouse, and then outputting the
data representing the operation content to the CPU 131, an output section 136 for
outputting a processing result by the CPU 131 and so on to an output device such as a
display or a printer, and a communication I/F 137 for executing communication with
other PCs 13 and the projector 11 via the communication network 12.

The storage section 134 stores a projector control program 13A, which is the ap-
plication program for controlling the projector 11 to project the image, and at the same
time performing the process corresponding to the operation by the stylus device 15.
Further, the storage section 134 stores display image data 13B to be projected by the
projector 11. The display image data 13B includes still image data, moving image data,
and combined data such as a presentation file including a plurality of still images, and
further includes a file which can be reproduced by a specific application program. The
PC 13 is capable of displaying the image on the display with the output section 136
using the display image data 13B, and at the same time transmitting the image the
same as the image to be displayed to the projector 11, and is also capable of re-
producing the display image data 13B and then transmitting the image only to the
projector 11.

Fig. 3 is a block diagram showing a functional configuration of the display system
10.

The projector 11 is provided with an external I/F (interface) section 101 to be
connected to external devices such as the PCs 13, a video playback device, or a DVD
playback device. The external I/F section 101 is provided with, for example, an USB
interface, a wired or wireless LAN interface, a VGA terminal to which an analog video
signal is input, a Digital Visual Interface (DVI) to which a digital video signal is input,
an S-video terminal to which a composite video signal such as NTSC, PAL, or
SECAM is input, an RCA terminal to which a composite video signal is input, a D-
terminal to which a composite video signal is input, and an HDMI connector compliant
with the HDMI (registered trademark) standard. The projector 11 according to the
present embodiment is connected to the communication network 12 via the LAN
interface of the external I/F section 101.

The projector 11 is composed of an optical system for performing optical image
formation and an image processing system for electrically processing the video signal
in view of the general classification. The projection section 3 (projection section) as
the optical system is composed of an illumination optical system 31, a liquid crystal
panel 32 as a light modulation device, and a projection optical system 33. The illu-
mination optical system 31 is provided with a light source formed of, for example, a

xenon lamp, a super-high pressure mercury lamp, or a light emitting diode (LED).
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Further, the illumination optical system 31 can be provided with a reflector and an
auxiliary reflector for guiding the light emitted by the light source to the liquid crystal
panel 32, and can be a system provided with, for example, a lens group (not shown) for
improving the optical characteristics of the projection light, a polarization plate, or a
photochromic element for reducing the light intensity of the light emitted by the light
source on the path reaching the liquid crystal panel 32.

The liquid crystal panel 32 receives the signal from the image processing system
described later, and then forms the image on the panel surface. The liquid crystal panel
32 is composed of three liquid crystal panels corresponding respectively to three
primary colors of RGB in order for performing color projection. Therefore, the light
from the illumination optical system 31 is separated into colored lights of three colors
of RGB, and the colored lights enter the corresponding liquid crystal panels, re-
spectively. The colored lights modulated while passing through the respective liquid
crystal panels are combined by a combining optical system such as a cross dichroic
prism, and then output to the projection optical system 33.

The projection optical system 33 is provided with, for example, a zoom lens for
performing expansion and contraction of the image to be projected and adjustment of
the focus, a zoom controlling motor for controlling the level of the zoom, a focus
adjusting motor for performing the focus adjustment, and a concave mirror for
directing the projection light to the screen SC. The projection optical system 33
performs the zoom adjustment and the focus adjustment on the incident light
modulated by the liquid crystal panel 32 through the zoom lens, then guides the light
having passed through the zoom lens toward the screen SC with the concave mirror,
and then focus the light on the screen SC. To this optical system, there are connected a
projection optical system drive section 121 for driving the respective motors provided
to the projection optical system 33 in accordance with the control of the control section
103, and a light source drive section 117 for driving the light source provided to the il-
lumination optical system 31 in accordance with the control of the control section 103.
It should be noted that the specific configuration of the projection optical system 33 is
not limited to the example described above, and it is also possible to project and then
focus the light, which is modulated by the liquid crystal panel 32, on the screen by a
lens using a configuration without using a mirror including the concave mirror.

On the other hand, the image processing system is configured including the control
section 103 for integrally controlling the whole of the projector 11 as a core
component, and is provided with a storage section 105 storing data to be processed by
the control section 103 and a program to be executed by the control section 103, an
input processing section 123 for detecting an operation via an operation panel 23 and a

remote control receiver 41, a display control section 107 for processing the input video



10

WO 2012/124329 PCT/JP2012/001793

[0042]

[0043]

[0044]

[0045]

[0046]

input via the external I/F section 101, an image processing section 113 provided with a
frame memory 115, and a light modulation device drive section 119 for driving the
liquid crystal panel 32 based on the video signal output from the display control
section 107 to thereby perform drawing.

The control section 103 reads out and executes a control program 105A stored in the
storage section 105 to thereby control each section of the projector 11. The control
section 103 detects the content of the operation performed by the operator based on the
operation signal input from the input processing section 123, and then controls the
display control section 107, the projection optical system drive section 121, and the
light source drive section 117 in accordance with the operation to thereby project the
video on the screen SC.

The exterior housing 2 of the projector 11 is provided with the operation panel 23
having various switches and indicator lamps. The operation panel 23 is connected to
the input processing section 123, and the input processing section 123 appropriately
lights or blinks the indicator lamps of the operation panel 23 in accordance with the
operation state and the setting state of the projector 11 following the control of the
control section 103. If the switch of the operation panel 23 is operated, the operation
signal corresponding to the switch thus operated is output from the input processing
section 123 to the control section 103.

Further, the projector 11 receives the light of the infrared signal, which is transmitted
by the remote controller (not shown) used by the operator in accordance with the
button operation, with the remote control receiver 41. The remote control receiver 41
decodes the infrared signal received from the remote controller to thereby generate the
operation signal representing the operation content in the remote controller, and then
outputs it to the control section 103.

The display control section 107 is connected to the external I/F section 101. The
image processing section 113 connected to the display control section 107 develops the
input video, which is input to the display control section 107 via the external I/F
section 101, in the frame memory 115, then performs various conversion processes
such as analog/digital conversion, interlace/progressive conversion, or resolution
conversion if necessary to thereby generate the video signal with the format set in
advance, and then outputs it to the display control section 107. The display control
section 107 outputs the video signal processed by the image processing section 113 to
the light modulation device drive section 119 to display it on the liquid crystal panel
32.

Further, the projector 11 is provided with an infrared light receiving section 42 for
detecting the infrared light emitted by the stylus device 15 as described above. The

infrared light receiving section 42 is specifically configured including an image taking
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element for taking the image of the infrared light of the screen SC, and an image taking
circuit for outputting a taken image data obtained by the image taking element. The
infrared light receiving section 42 takes the image of the screen SC at a predetermined
period following the control of the control section 103, and then outputs the taken
image data to the control section 103.

The control section 103 executes the control program 105A stored in the storage
section 105 to thereby function as an operation detection section 102. Due to the
function of the operation detection section 102, the projector 11 operates as the
operation detection device. The control section 103 specify the indication location of
the stylus device 15 on the screen SC based on the taken image data input from the
infrared light receiving section 42 due to the function of the operation detection section
102. For example, an imaginary X-Y orthogonal coordinate system is set on the screen
SC, and the operation detection section 102 performs a process of obtaining the X-
coordinate and the Y-coordinate of the indication location based on the data input from
the infrared light receiving section 42. Further, in the case of receiving the infrared
signal emitted by the stylus device 15 in response to the operation of the switch 15A,
the infrared light receiving section 42 outputs the operation data corresponding thereto
to the operation detection section 102. The operation detection section 102 detects the
operation of the switch 15A based on the data input from the infrared light receiving
section 42. The operation detection section 102 transmits the data representing the in-
dication location of the stylus device 15 and the operation condition of the switch 15A
to the PC 13 via the external I/F section 101. Here, the PC 13 to be the destination is
the PC 13 presently executing the projector control program 13A to thereby control the
projector 11.

The PC 13 executes the projector control program 13A with the CPU 131 shown in
Fig. 1 to thereby realize the function as an image output section 51 (output section), an
output image generation section 52 (first image generation section), a superimposition
image generation section 53 (drawing section), and a GUI control section 54 (second
image generation section).

The PC 13 reproduces the display image data stored in the storage section 134, and
then transmits the image to the projector 11 due to the function of the image output
section 51. Further, the PC 13 detects the indication location of the stylus device 15
based on the data received from the projector 11 with the communication I/F 137, and
then draws a line or a figure along the trajectory of the location thus detected due to the
function of the superimposition image generation section 53. In other words, the image
of the line or the figure is generated, the image (the superimposition image) thus
generated is output to the superimposition image generation section 53. The output

image generation section 52 superimposes the superimposition image generated by the
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superimposition image generation section 53 on the image (e.g., the image obtained by
reproducing the display image data 13B) presently output to thereby combine the
images, and then outputs the new image for display. Further, the output image
generation section 52 makes the image output section 51 transmit the new image for
display thus generated to the projector 11.

Further, the PC 13 performs the control of displaying the menu bar 221 (Fig. 4(C))
on the screen SC due to the function of the GUI control section 54. The GUI control
section 54 retrieves the image of the menu bar 221 from the storage section 134, then
outputs it to the superimposition image generation section 53, and performs the control
of superimposing the image of the menu bar 221 when generating the superimposition
image and then outputting it to the output image generation section 52, and thus,
outputs the image of the menu bar 221 to the output image generation section 52. The
output image generation section 52 superimposes the superimposition image generated
by the superimposition image generation section 53 and the image of the menu bar 221
obtained by the GUI control section 54 on the image presently output to thereby
generate the new image for display, and then makes the image output section 51
transmit the image.

In the case in which the image to be displayed by the projector 11 is changed, the PC
13 of the present embodiment makes the GUI control section 54 display the menu bar
221. The case in which the image is changed refers to the case in which, for example, a
slide to be displayed is changed while reproducing a file composed of a plurality of
slides. The PC 13 compares the images transmitted from the image output section 51 to
the projector 11 at time points with a predetermined time interval to thereby obtain the
difference between the consecutive images, and determines that the image has changed
if the difference exceeds a threshold level set in advance. Since the PC 13 transmits the
image frame by frame at a predetermined frame rate irrespective of whether the image
is a still image or a moving image, it results that the frames of the same image are con-
tinuously transmitted even in the case of the still image. Therefore, by obtaining the
difference from the frame having been transmitted previously every time the frame is
transmitted to the projector 11, the change in the image can promptly be detected. It
should be noted that the frequency of the comparison can be once per several frames in
order to reduce the load of the process for obtaining the difference.

(A), (B), and (C) in Fig. 4 are explanatory diagrams showing how the menu bar 221
is displayed on the screen SC, wherein (A) shows an example with the menu bar 221
not displayed, (B) shows an example with the displaying image changed, and (C)
shows an example with the menu bar 221 displayed.

In the example shown in Fig. 4(A), a slide for education is displayed on the screen

SC as the displaying image 201, and the drawing image 211 is displayed along the
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trajectory of the stylus device 15. The drawing image 211 is the superimposition image
the superimposition image generation section 53 has generated by tracing the trajectory
of the location of the stylus device 15 detected by the operation detection section 102.

Here, if the displaying image 201 presently projected on the screen SC is changed to
the displaying image 202 shown in Fig. 4(B) by the operation with the operation panel
23 or the remote controller, the difference between the displaying image 201 and the
displaying image 202 exceeds the threshold level. For example, in the displaying
image 202 shown in Fig. 4(B), there appear lines not included in the displaying image
201 shown in Fig. 4(A). The displaying image 201 is an educational question, and the
displaying image 202 is arranged to be an image showing the right answer as a
successive image to the displaying image 201 for education. The newly appeared lines
in the displaying image 202, namely the difference parts, are the answer of the
question. Since the difference between the displaying image 202 and the displaying
image 201 exceeds the threshold level, the menu bar 221 is displayed so as to be su-
perimposed on the displaying image 202 presently projected on the screen SC as
shown in Fig. 4(C).

Here, the displaying image 201 corresponds to an original image, the image obtained
by superimposing the drawing image 211 thus drawn on the displaying image 201
shown in (A) and (B) in Fig. 4 corresponds to a first composite image, and the image
having the menu bar 221 displayed in a superimposed manner in (C) in Fig. 4 cor-
responds to a second composite image.

The menu bar 221 is an operating graphics (an operating image) having a plurality of
buttons each assigned with a specific function arranged, and if an operation of des-
ignating each of the buttons of the menu bar 221 with the stylus device 15 is
performed, the PC 13 executes the process corresponding to the button thus operated.
The PC 13 makes the projector 11 display the menu bar 221 due to the function of the
GUI control section 54. Therefore, the data of the menu bar 221 such as the display
location, the size, and the types of the buttons thus arranged are held due to the
function of the GUI control section 54, and it is possible to identify the button corre-
sponding to the operation location of the stylus device 15 to thereby make the CPU
131 execute the operation corresponding to the button.

Fig. 5 is a diagram showing a configuration example of the menu bar 221 as one
example of the operating graphics.

In the example shown in Fig. 5, in the menu bar 221 there is arranged a plurality of
buttons including drawing buttons 231, drawing setting buttons 232, an eraser button
233, UNDO/REDO buttons 234, a selection start button 235, a magnification button
236, an all erasure button 241, and a screen capture button 242. The drawing button

231 and the drawing setting buttons 232 are buttons for setting the thickness of a line,
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the color of the line, the shapes of the ends of the line, and so on in the case of
performing drawing in accordance with the operation of the stylus device 15. The
eraser button 233 is a button for instructing start of a so-called eraser function of
erasing a designated part of the line, symbol, or the like having already been drawn in
accordance with the operation of the stylus device 15. The UNDO/REDO buttons 234
are buttons for instructing cancel of the action having been executed most recently and
re-execution of the action. The selection start button 235 is a button for instructing start
of an action for selecting a part or the whole of the line, the symbol, or the like having
already been drawn in accordance with the operation of the stylus device 15, and the
magnification button 236 is a button for instructing magnified display of a part or the
whole of the line, the symbol, or the like having already drawn in accordance with the
operation of the stylus device 15.

Further, the all erasure button 241 is a button for instructing erasure of all of the line,
the symbol, and so on having already been drawn in accordance with the operation of
the stylus device 15, and the screen capture button 242 is a button for instructing
storage of the line, the symbol, and so on having already drawn in accordance with the
operation of the stylus device 15. In accordance with the operation of the screen
capture button 242, the drawing image 211 on the screen SC is captured together with
the displaying image 201, 202 projected on the screen SC as a background, and these
images are stored in the storage section 134 of the PC 13 as a single image.

Here, it is possible for the PC 13 to store the drawing image 211 alone as the image
or to store the drawing image 211 and the displaying image 201, 202 with a data
format capable of separating these images from each other. Further, the data thus
captured is stored in the storage section 134 so that the projector 11 can project the
drawing image 211 again together with the displaying image 201, 202.

As described above, the menu bar 221 is an operating graphics having the buttons for
instructing processes of the drawing image 211 as the superimposition image drawn in
accordance with the operation of the stylus device 15 in a consolidated manner. As
shown in (A) and (B) in Fig. 4, in the case in which the image changes from the
displaying image 201 to the displaying image 202, it is conceivable that the operator
who operates the stylus device 15 erases the drawing image 211 having already been
drawn or redraws it after the erasure. On this occasion, in order to store and erase the
drawing image 211 and to make the condition allowing redrawing of the drawing
image 211, it becomes necessary for the operator to display the menu bar 221.
Therefore, by displaying the menu bar 221 at the timing when the displaying image
changes, there can be obtained an advantage that the convenience is enhanced. Further,
since the possibility of processing the drawing image 211 is not so high during the

period in which no change in the displaying image occurs, there is a possibility that the
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display of the menu bar 221 hinders the drawing. Therefore, by displaying the menu
bar 221 in response to change in the displaying image, the menu bar 221 appears when
needed without causing hindrance in the normal operation. Therefore, further im-
provement in convenience can be achieved.

The menu bar 221 is an operating graphics having the operation buttons of a plurality
of functions related to the drawing operations by the operation of the stylus device 15,
or all of the functions executable under the control of the PC 13 arranged. In other
words, the menu bar 221 is an operating graphics for instructing all or a number of
processes, which the PC 13 can execute, and which are related to performing drawing,
editing, erasure, and storage of the content of the drawing, in accordance with the
operation of the stylus device 15. In contrast thereto, it is also possible to adopt the
configuration of displaying an operating graphics for instructing only some of the
processes related to drawing which the PC 13 can execute in accordance with the
operation of the stylus device 15.

Fig. 6 is a diagram showing another example of the menu bar 221 as one example of
the operating graphics.

In the example shown in Fig. 6, unlike the menu bar 221 having a plurality of
buttons, a menu image 223 having the screen capture button arranged alone and a
menu image 225 having the all erasure button arranged alone are displayed. The
processes instructed by the menu images 223, 225 are only some of the processes
related to drawing the PC 13 can execute, and are the buttons for instructing the screen
capture (storage) and the all erasure (erasure) which are the processes having a par-
ticularly high execution frequency. In other words, the menu images 223, 225 are the
operating graphics respectively corresponding to the functions included in the plurality
of functions supported by the menu bar 221. Further, it can also be said that the menu
images 223, 225 are the operating graphics for instructing the processes on the entire
projection area of the screen SC as the drawing area out of the processes the PC 13 can
execute. Further, in the case in which drawing is performed in accordance with the
operation of the stylus device 15, and then drawing is newly started after switching to
the subsequent displaying image, there is performed an action of executing the screen
capture for storing the entire projection area in the condition in which the drawing is
performed once, and then erasing all of the drawing content by the all erasure. From
this point of view, it can be said that the menu images 223, 225 are the operating
graphics for instructing the processes (functions) necessary when terminating the
drawing and then newly starting drawing.

Since these menu images 223, 225 each have one button, there is obtained an
advantage that they do not hinder the operation of the stylus device 15. Itis also

possible for the GUI control section 54 (Fig. 3) to display only the menu images 223,
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225 while being superimposed on the displaying image and the superimposition image
if the change in the displaying image to be displayed on the screen SC exceeds the
threshold level.

Further, the position at which the GUI control section 54 display the menu bar 221 is
arbitrary, and it is possible to set it to the initial position (a prescribed position) at the
right end on the screen SC as shown in Fig. 6, or to display it in the vicinity of the
stylus device 15. However, taking the prevention of hindrance of the operation of the
stylus device 15 as described above into consideration, it is preferable to select the
small-sized operating graphics such as the menu images 223, 225 as those displayed in
the vicinity of the stylus device 15. On this occasion, it is also possible to combine the
menu images 223, 225 and the menu bar 221 with each other to thereby display them
simultaneously as shown in Fig. 6. Further, it is also possible to display at least one of
the menu images 223, 225 without displaying the menu bar 221. Further, although the
menu images 223, 225 each correspond to only a single function in Fig. 6, the menu
images 223, 225 can be those each corresponding to two or more functions.

Fig. 7 is a flowchart showing an operation of the display system 10, and in particular,
showing an operation of the PC 13.

Firstly, if the start of a position input mode is instructed by the operation of the
remote control device or the operation panel 23 in the projector 11 or the operation
detected by the input section 135 of the PC 13, the CPU 131 executes the projector
control program 13A to thereby start (step S11) the operation of the position input
mode.

Subsequently, the CPU 131 executes (step S12) the calibration. In the calibration, an
image for the calibration is transmitted to the projector 11, or the projector 11 retrieves
the image for the calibration from the storage section 105, and then the projector 11
projects the image. The operation of the stylus device 15 with respect to the image for
the calibration is detected, and the location thus detected and the data for the cal-
ibration are compared to each other to thereby perform the calibration.

Subsequently, the CPU 131 obtains (step S13) the display image data 13B from the
storage section 134, then reproduces the display image data 13B, and then starts (step
S14) the transmission (output) of the displaying image by the image output section 51.
Further, the CPU 131 starts (step S15) detection of the variation (difference between
the frames) in the image obtained by the image output section 51 and then transmitted
to the projector 11 simultaneously with the start of transmission of the displaying
image.

The CPU 131 obtains (step S16) the indication location of the stylus device 15 based
on the data transmitted by the projector 11, and then generates (step S17) the drawing

image due to the function of the superimposition image generation section 53 so as to
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trace the trajectory of the location thus obtained. Then, the new displaying image is
generated by superimposing the drawing image on the displaying image due to the
function of the output image generation section 52, and then the image output section
51 transmits (step S18) the new displaying image to the projector 11. Thus, the image
projected by the projector 11 on the screen SC is updated.

The CPU 131 determines (step S19) whether or not the variation exceeding the
threshold level has been caused in the image obtained by the image output section 51,
and if the variation has been caused, the GUI control section 54 generates the
displaying image for displaying the menu bar 221, and the image output section 51
outputs the displaying image to the projector 11 to thereby project (step S20) the image
on the screen SC.

Further, even in the case of determining that no variation is caused (No in the step
S19), if the data representing the operation of the switch 15A is received from the
projector 11 (Yes in the step S21), the process proceeds to the step S20, and the image
including the menu bar is projected. After displaying the image including the menu
bar, the CPU 131 determines (step S22) whether or not the position input mode is
continued, and the process returns to the step S16 if it is continued (No in the step
S22). Further, if no variation is caused in the image (No in the step S19) and no
operation of the switch 15A occurs (No in the step S21), the CPU 131 moves the
process to the step S22.

As described above, since the display system 10 according to the embodiment to
which the invention is applied is provided with the PC 13 for outputting an image, and
the projector 11 having the function as the image display device for projecting the
image output by the PC 13 on the screen SC and the operation detection section 102
for detecting the indication location in accordance with the position indication
operation in the screen SC, and the PC is provided with the image output section 51 for
obtaining the displaying image and then outputting it to the projector 11, the superim-
position image generation section 53 for generating the superimposition image to be
displayed while being superimposed on the displaying image based on the indication
location detected by the operation detection section 102, the output image generation
section 52 for newly generating the displaying image by superimposing the superim-
position image generated by the superimposition image generation section 53 on the
displaying image, and then making the image output section 51 output the displaying
image newly generated, and the GUI control section 54 for superimposing the
operating graphics for instructing a process of the superimposition image generated by
the superimposition image generation section 53 on the new displaying image
generated by the output image generation section 52 and then making the image output

section 51 output the image thus superimposed in response to the change in the image
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on which the output image generation section 52 has performed the superimposition,
the superimposition image such as the drawing image 211 is generated in accordance
with the operation to the screen SC, and the superimposition image is displayed while
being superimposed on the displaying image 201, 202 as the original display image,
and further, if the change in the original display image occurs, the operating graphics
for instructing the process of the superimposition image is displayed. Thus, when
executing the function of generating and then displaying the superimposition image in
accordance with the operation of the stylus device 15, the operating graphics for in-
structing the process of the image thus generated can be displayed when needed so as
not to hinder the operation for generating the image. In other words, since the
operating graphics is displayed in the case in which the operator who operates the
stylus device 15 needs the process of the superimposition image thus drawn, the
operation is prevented from being hindered by unwanted display of the operating
graphics, and thus, enhancement of the convenience can be achieved.

Further, the display system 10 is provided with the stylus device 15 capable of
position indication operation to the screen SC and the pressing operation of the switch
15A besides the position indication operation, the operation detection section 102
detects the operation of the switch 15A while detecting the location indicated by the
position indication operation of the stylus device 15, and the GUI control section 54 of
the PC 13 displays the operating graphics if the operation detection section 102 detects
the operation of the switch 15A. Therefore, in addition to the function of displaying the
operating graphics, the operating graphics can be called up by the operator inten-
tionally operating the switch 15A when needed. Thus, further enhancement of the op-
erability can be achieved reflecting the intention of the operator.

Further, since the projector 11 is provided with the operation detection section 102,
and is thus provided with the configuration of detecting the operation to the screen SC,
it is possible to reduce the number of devices in the vicinity of the screen SC to thereby
enhance the installability, and further, the operation can more accurately be detected.

Further, the PC 13 makes the menu bar 221, the menu image 223, or the menu image
225 including the button instructing at least one of the erasure process and the storage
process of the superimposition image generated by the superimposition image
generation section 53 be projected as the operating graphics. Therefore, the operation
of erasing the image and the operation of storing the image can promptly be
performed.

Since the PC 13 determines the display location of the operating graphics based on
the indication location of the stylus device 15 due to the function of the GUI control
section 54, it is possible to display the operating graphics in the vicinity of the

operation location of the stylus device 15 to thereby achieve enhancement of the con-
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venience, and further, it is also possible to display the operating graphics at a place
distant from the operation location so as not to hinder the operation, thus enhancement
of the operability can be achieved.

It should be noted that the embodiment described above is nothing more than an
example of a specific aspect to which the invention is applied, and therefore, does not
limit the invention. Therefore, it is also possible to apply the invention as an aspect
different from the embodiment described above. For example, although in the em-
bodiment described above, the explanation is presented citing the configuration in
which the projector 11 detects the location indicated by the stylus device 15, de-
termines the instruction state, and then transmits the information representing the result
to the PC 13 due to the function of the operation detection section 102 as an example,
the invention is not limited thereto, but it is also possible to adopt the configuration in
which an infrared receiving section 42 is provided, the detection device for executing
the function of the operation detection section 102 is configured as a separate device
from the projector 11, and is connected to the projector 11 or the PC 13.

Further, although in the embodiment described above based on the location of the
stylus device 15 detected by the projector 11, the PC 13 generates the drawing image
due to the function of the superimposition image generation section 53, and performs
the process of superimposing it on the display image due to the function of the output
image generation section 52, and the process of generating the operating graphics due
to the function of the GUI control section 54 and then superimposing it on the display
image due to the function of the output image generation section 52, it is also possible
for the projector 11 to execute the functions of the output image generation section 52,
the superimposition image generation section 53, and the GUI control section 54. In
this case, the projector itself stores the program for executing the processes described
above in the storage section 105, and then the control section 103 executes the
program, thereby realizing the functions described above.

Further, although in the embodiment described above the explanation is presented
citing, as an example, the configuration of using the liquid crystal panel 32 composed
of the three transmissive or reflective liquid crystal panels corresponding to the re-
spective colors of RGB as means for modulating the light emitted by the light source,
the invention is not limited thereto, but can be configured using a system including one
liquid crystal panel and a color wheel combined with each other, a system using three
digital mirror devices (DMD), a DMD system using one digital mirror device and a
color wheel combined with each other, and so on. Here, in the case of using just one
liquid crystal panel or DMD as the light modulation device, the member corresponding
to the combining optical system such as the cross dichroic prism is unnecessary.

Further, besides the liquid crystal panel or the DMD, any configuration capable of
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modulating the light emitted from the light source can be adopted without problems.
Further, the image display device according to the invention is not limited to the

projector for projecting the videos to the screen SC, but various display devices
including a liquid crystal monitor or a liquid crystal television set for displaying
images/videos on a liquid crystal panel, a monitor device or a television receiver for
displaying images/videos on a plasma display panel (PDP), a light emitting display
device such as a monitor device or the television receiver for displaying images/videos
on an organic EL display panel called an organic light-emitting diode (OLED), an
organic electroluminescence (OEL), and so on can also be included in the image
display device according to the invention.

Further, the pointing object may be a device other than the stylus device 15, a finger
(or fingers) of the operator, or etc.

Further, each of the functional sections of the display system 10 shown in Figs. 1 and
3 is for showing the functional configuration thereof, and the specific mounting forms
are not particularly limited. It is not necessarily required to install the hardware corre-
sponding individually to each of the functional sections, but it is obviously possible to
adopt the configuration of realizing the functions of the plurality of functional sections
by a single processor executing the program.

Although the explanation is presented citing the configuration in which the PC 13
executes the projector control program 13A with the CPU 131, and the projector 11
executes the control program 105A of the storage section 105 with the control section
103, it is also possible that the projector control program 13A or the control program
105A is downloaded from another device connected via the communication network
12 and then executed, or it is also possible to adopt the configuration of recording the
projector control program 13A or the control program 105A on a portable recording
medium, then retrieving the program from the recording medium, and then executing
the program.

Further, a part of the function realized by software in the embodiments described
above can also be realized by hardware, or a part of the function realized by hardware
can also be realized by software. Besides the above, the specific detailed configuration
of each of the sections of the display system 10 can arbitrarily be modified within the
scope or the spirit of the invention.

Reference Signs List

10 Display system (image display system)

11 Projector (image display device, operation detection device)

12 Communication network

13 PC (image supply device)
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13A Projector control program

15 Stylus device (operating device)

I5A Switch

42 Infrared light receiving section

51 Image output section (output section)

52 Output image generation section (first image generation section)
53 Superimposition image generation section (drawing section)
54 GUI control section (second image generation section)

101 External I/F section

102 Operation detection section

103 Control section

105 Storage section

105A Control program

131 CPU

201, 202 Displaying image

211 Drawing image

221 Menu bar (operating graphics)

223, 225 Menu image (operating graphics)

SC Screen (projection surface)
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Claims

An image supply device used with an image display device adapted to
display an image on a display surface and an operation detection device
adapted to detect an indication location in accordance with a position
indication operation on the display surface, comprising:

a drawing section adapted to generate a superimposition image to be
displayed while being superimposed on an original image based on the
indication location detected by the operation detection device;

a first image generation section adapted to generate a first composite
image by superimposing the superimposition image generated by the
drawing section on the original image;

a second image generation section adapted to generate a second
composite image by superimposing an operating image for instructing a
process of the superimposition image generated by the drawing section
on the first composite image in response to a change in the original
image; and

an output section adapted to output the second composite image to the
image display device.

The image supply device according to Claim 1, wherein

the operating image includes a button for instructing at least one of an
erasure process and a storage process of one of the superimposition
image generated by the drawing section and the first composite image
generated by the first image generation section.

The image supply device according to Claim 1 or 2, wherein

the second image generation section determines a display location of
the operating image based on an indication location detected by the
operation detection device.

An image display system comprising:

the image supply device according to any one of Claims 1 to 3;

the image display device adapted to display an image output by the
image supply device on a display surface; and

the operation detection device adapted to detect an indication location
in accordance with a position indication operation in the display
surface.

The image display system according to Claim 4, wherein

an operating device capable of a position indication operation to the

display surface and a specific operation other than the position in-
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dication operation is provided,

the operation detection device detects the specific operation by the
operating device while detecting a location indicated by the position in-
dication operation of the operating device, and

the second image generation section of the image supply device
displays the operating image in response to the operation detection
device detecting the specific operation by the operating device.

The image display system according to Claim 4 or 5, wherein

the image display device is provided with the operation detection
device.

An image display device adapted to display an image on a display
surface comprising:

a drawing section adapted to generate a superimposition image to be
displayed while being superimposed on an original image based on an
indication location detected by an operation detection device adapted to
detect the indication location in response to a position indication
operation in the display surface;

a first image generation section adapted to generate a first composite
image by superimposing the superimposition image generated by the
drawing section on the original image;

a second image generation section adapted to generate a second
composite image by superimposing an operating image for instructing a
process of the superimposition image generated by the drawing section
on the first composite image in response to a change in the original
image; and

a display section adapted to display the second composite image.

The image display device according to Claim 7, wherein

the operating image includes a button for instructing at least one of an
erasure process and a storage process of one of the superimposition
image generated by the drawing section and the first composite image
generated by the first image generation section.

The image display device according to Claim 7 or 8, wherein

the second image generation section determines a display location of
the operating image based on an indication location detected by the
operation detection device.

The image display device according to any one of Claims 7 to 9,
wherein

the operation detection device detects a specific operation by an
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operating device capable of a position indication operation to the
display surface and the specific operation other than the position in-
dication operation while detecting the location indicated by the position
indication operation by the operating device, and

the second image generation section displays the operating image in
response to the operation detection device detecting the specific
operation by the operating device.

A method of controlling an image supply device used with an image
display device adapted to display an image on a display surface and an
operation detection device adapted to detect an indication location in
accordance with a position indication operation on the display surface,
the method comprising:

obtaining a displaying image and outputting the displaying image to the
image display device;

generating a superimposition image to be displayed while being su-
perimposed on an original image based on the indication location
detected by the operation detection device;

generating a first composite image by superimposing the superim-
position image generated on the original image and then outputting the
first composite image to the image display device;

generating a second composite image by superimposing an operating
image for instructing a process of the superimposition image generated
on the first composite image in response to a change in the original
image; and

outputting the second composite image to the image display device.

A computer readable recording medium used with an image display
device adapted to display an image on a display surface and an
operation detection device adapted to detect an indication location in
accordance with a position indication operation on the display surface,
and storing a program for making the computer function as:

a drawing section adapted to generate a superimposition image to be
displayed while being superimposed on an original image based on the
indication location detected by the operation detection device;

a first image generation section adapted to generate a first composite
image by superimposing the superimposition image generated by the
drawing section on the original image;

a second image generation section adapted to generate a second

composite image by superimposing an operating image for instructing a
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process of the superimposition image generated by the drawing section
on the first composite image in response to a change in the original
image; and

an output section adapted to output the second composite image to the
image display device.

The recording medium according to Claim 12, wherein

the operating image includes a button for instructing at least one of an
erasure process and a storage process of one of the superimposition
image generated by the drawing section and the first composite image
generated by the first image generation section.

The recording medium according to Claim 12 or 13, wherein

the second image generation section determines a display location of
the operating image based on an indication location detected by the

operation detection device.
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[Fig. 2]
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[Fig. 7]
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