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(57) Shutter glasses include: shutters transmitting or
blocking video displayed with a specified display interval
on a video display device by performing opening/closing
operations based on control information; a clock counter
261; a reception portion (RF communication portion 234,
reception-side count value latch circuit 262, reception-
side count value storage portion 464a, 464b, count value
acquiring portion 263, and transmission-side count value
storage portion 465a, 465b) acquiring, as a reception

time count value, a value of the clock counter for when
a transmission time count value based on a value of an
internal clock counter of the video display device was
received from the video display device; and a control por-
tion (power control unit 443) setting intermittent reception
time slots in which the reception portion receives the con-
trol information from the video display device, based on
the transmission time count value and the reception time
count value.
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Description

Technical Field

[0001] The present invention relates to a video display system that uses shutter glasses, and a video display device,
shutter glasses, and communication method favorably used in such a system.

Background Art

[0002] A video display device adapting a time-division driving method is a video display device that sequentially
switches and outputs a plurality of video streams in a time division manner. The video display devices that adopt this
type of time division driving method include time-division stereoscopic video display systems using shutter glasses (as
described, for example, in Japanese Patent Application Publication No. JP-A-9-138384, Japanese Patent Application
Publication No. JP-A-2000-36969 and Japanese Patent Application Publication No. JP-A-2003-45343) and multi-video
display systems in which a plurality of viewers using shutter glasses view different video without division ova screen,
and so on.
[0003] A time-division stereoscopic video display system is a video display system in which video for the left eye and
video for the right eye are alternately displayed on an entire screen at very short intervals. At the same time, the system
uses a stereoscopic video display device that separates the video and provides the video to the left eye and the video
to the right eye in synchronization with the display interval of the video for the left eye and the video for the right eye.
For example, when using the shutter glasses method, during a period in which the video for the left eye is displayed, a
left eye portion of the shutter glasses allows light to pass through, while a right eye portion is blocked. Then, during a
period in which the video for the right eye is displayed, the right eye portion of the shutter glasses allows light to pass
through, and the left eye portion is blocked.
[0004] With respect to the HDMI1.4 standard, examples of stereoscopic video signal methods include frame packing,
side by side and so on. These methods output and input signals including information of video for the left eye and video
for the right eye mainly at 24 Hz, 50 Hz and 60 Hz. In the case of the time-division method, with respect to the above-
described 24 Hz, 50 Hz and 60 Hz signals, the stereoscopic video display device performs time-divided display of the
video for the left eye and the video for the right eye respectively at 96 Hz, 100 Hz and 120 Hz, and the shutter glasses
perform opening and closing operations of the liquid crystal shutter at 48 Hz, 50 Hz and 60 Hz, respectively.
[0005] In this way, in a time-division stereoscopic video display system, it is necessary to separately provide video to
the left eye and the right eye in synchronization with the display intervals of the video for the left eye and the video for
the right eye and necessary to give notification of the opening/closing timing of the shutters of the shutter glasses from
the video display device.

Citation List

Patent Literature

[0006]

Summary of Invention

Technical Problem

[0007]  When information on the opening/closing timing of the shutters and the like is transmitted and received between
the video display device and the shutter glasses, it is normally necessary for transmission/reception circuits to operate
aside from when the transmission and reception are actually being carried out. This often leads to an increase in power
consumption by the video display device and/or the shutter glasses.
[0008] More specifically, methods that use infrared communication and radio communication are conceivable examples
of methods of giving notification of the opening/closing timing of the shutters of the shutter glasses from the video display
device. One specific example of a method that uses radio communication is a method that uses a standard, such as
IEEE 802.15.4, used in radio communication between a video display device and a remote controller that remotely

Patent Literature 1:  JP H09-138384A
Patent Literature 2:  JP 2000-36969A
Patent Literature 3:  JP 2003-45343A
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controls the video display device. However, in cases where the opening/closing timing of the shutters of the shutter
glasses has always been transferred simply by radio communication, there has been the problem that this leads to an
increase in power consumption as described above. ’
[0009] The present invention was conceived in view of the problem described above and aims to provide a video
display device, shutter glasses, video display system, and communication method that are capable of suppressing power
consumption.

Solution to Problem

[0010] A video display device according to the present invention includes a display portion, a clock counter, and a
transmission portion. The display portion displays video according to time division with a specified display interval. The
transmission portion transmits a transmission time count value which is based on a value of the clock counter and is to
be used, by shutter glasses that transmit or block display video of the display portion by performing opening/closing
operations based on control information received in intermittent reception time slots, to set the reception time slots.
[0011] Shutter glasses according to the present invention include shutters, a clock counter, a reception portion, and
a control portion. The shutters transmit or block video displayed with a specified display interval on a video display device
by performing opening/closing operations based on control information. The reception portion acquires, as a reception
time count value, a value of the clock counter for when a transmission time count value based on a value of an internal
clock counter of the video display device was received from the video display device. The control portion sets intermittent
reception time slots in which the reception portion receives the control information from the video display device, based
on the transmission time count value and the reception time count value.
[0012] The video display system according to the present invention includes the video display device according to the
present invention and the shutter glasses according to the present invention described above.
[0013] A communication method according to the present invention includes: transmitting, by a video display device
which displays video, a transmission time count value based on a value of a clock counter; and acquiring, by shutter
glasses which transmit or block display video of the video display device by performing opening/closing operations based
on control information received in intermittent reception time slots, a value of a clock counter of the shutter glasses when
the transmission time count value from the video display device is received as a reception time count value and setting
the intermittent reception time slots where the reception portion receives the control information from the video display
device based on the transmission time count value and the reception time count value.
[0014] With the video display device, the shutter glasses, the video display system, and the communication method
according to the present invention, the transmission time count value is transmitted from the video display device to the
shutter glasses. At the shutter glasses, reception time slots are set based on the transmission time count value and the
reception time count value acquired corresponding thereto. The shutter glasses then intermittently receive control infor-
mation transmitted from the video display device using such reception time slots and operate so as to enter a sleep state
at other times.
[0015] With the video display device according to the present invention, it is preferable for example for the control
information to include an opening/closing timing value based on the value of the clock counter for indicating opening/
closing timing of the shutter glasses. In such case, the transmission portion should preferably transmit the opening/
closing timing value with a longer interval than the display interval, for example.
[0016] As one example, the transmission portion may transmit the opening/closing timing value together with the
transmission time count value. Also, for example, the transmission portion may transmit the transmission time count
value to the shutter glasses based on a request from the shutter glasses.
[0017] For the shutter glasses according to the present invention, as one example, the control information should
preferably include a first opening/closing timing value which is based on a value of the internal clock counter of the video
display device and is used to indicate opening/closing timing of the shutter glasses. In such case, the reception portion
should preferably receive the first opening/closing timing value with a longer interval than the display interval, for example.
[0018] The reception portion may receive the first opening/closing timing value together with the transmission time
count value from the video display device, for example. In such case, the shutter glasses may further include an opening/
closing timing calculation portion converting, based on the transmission time count value and the reception time count
value, the first opening/closing timing value received by the reception portion to a second opening/closing timing value
based on the value of the clock counter, and the shutters may carry out opening/closing operations based on the second
opening/closing timing value. As one example, the reception portion may be capable of operating in a continuous
reception mode where reception is always possible and operable when the reception portion has received the transmission
time count value consecutively a specified number of times in the continuous reception mode, to move to an intermittent
reception mode where a reception operation is carried out in the intermittent reception time slots. Also, the reception
portion may be operable when reception was not possible a specified number of times consecutively in the intermittent
reception mode, to move to the continuous reception mode, for example.
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[0019] As one example, the control portion may be operable after the reception portion has received the transmission
time count value from the video display device at least twice, to find a next transmission timing from the video display
device based on the transmission time count value and the reception time count value and set the reception time slots.
For example, the reception portion may hold the transmission time count value received once every specified number
of times and the reception time count value corresponding thereto multiple times together with the transmission time
count value received last and the reception time count value corresponding thereto, and the control portion may use the
transmission time count value and the reception time count value corresponding to a first and last reception out of the
plurality of the transmission time count values and the reception time count values held by the reception portion to find
a next transmission timing from the video display device and set the reception time slots. In such case, the number of
times the transmission time count value and the reception time count value are held can be set at three, for example.
[0020] As one example, the shutter glasses according to the present invention may further include: a frequency
synchronization processing portion carrying out processing, based on the transmission time count value and the reception
time count value, to make a clock frequency of the frequency synchronization processing portion match a clock frequency
of the video display device; and a counter setting portion matching a value of the clock counter to a value of the internal
clock counter of the video display device. The shutter glasses described above may for example include a synchronization
requesting portion requesting synchronization of clock frequencies with the video display device to the video display
device, and the frequency synchronization processing portion may carry out processing based on the transmission time
count value transmitted by the video display device based on a request from the synchronization requesting portion,
and the reception time count value corresponding to the transmission time count value. As one example, the reception
portion may operate in continuous reception mode where reception is always possible during a period where the value
of the clock counter does not match the value of the internal clock counter of the video display device.
[0021] As one example, the counter setting portion may be operable when the reception portion could not receive the
first opening/closing timing value from the video display device consecutively a specified number of times, to request
the video display device to transmit the first opening/closing timing value. The synchronization requesting portion may
for example be operable when the first opening/closing timing value could not be received from the video display device
even when the counter setting portion has requested a specified number of times consecutively, to again request the
video display device for synchronization of the clock frequencies.
[0022] The reception portion may for example receive, from the video display device and together with the first opening/
closing timing value, an open time value which is based on the value of the internal clock counter of the video display
device and indicates an open time of the shutters.
[0023] The reception portion may for example receive the first opening/closing timing value from the video display
device by radio communication. The radio communication mentioned above may conform to IEEE 802.15.4 standard,
for example.

Advantageous Effects of Invention

[0024] According to the video display device, the shutter glasses, the video display system, and the communication
method according to the present invention, since intermittent reception time slots are provided when receiving control
information from the video display device, it is possible to suppress power consumption of the shutter glasses.

Brief Description of Drawings

[0025]

[Fig. 1] Fig. 1 is a diagram useful in showing one example structure of a video display system according to embod-
iments of the present invention.
[Fig. 2] Fig. 2 is a block diagram showing one example structure of a display device according to a first embodiment
of the present invention.
[Fig. 3] Fig. 3 is a block diagram showing an example structure of a shutter control portion according to the video
display system according to the first embodiment.
[Fig. 4] Fig. 4 is a timing waveform chart useful in explaining a standard synchronization signal according to the first
embodiment.
[Fig. 5] Fig. 5 is a block diagram showing one example structure of a main part of a shutter control portion according
to the first embodiment.
[Fig. 6] Fig. 6 is a diagram useful in showing one example structure of the video display system according to the
first embodiment.
[Fig. 7] Fig. 7 is a diagram useful in explaining one example of opening/closing timing of shutter glasses according
to the first embodiment.
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[Fig. 8] Fig. 8 is a flowchart showing one example operation of the video display system according to the first
embodiment.
[Fig. 9] Fig. 9 is a sequence chart showing one example operation of the video display system according to the first
embodiment.
[Fig. 10] Fig. 10 is a block diagram showing one example structure of a shutter control portion of a display device
according to a second embodiment.
[Fig. 11] Fig. 11 is a block diagram showing one example structure of a shutter control portion of shutter glasses
according to the second embodiment.
[Fig. 12] Fig. 12 is a diagram useful in showing one example structure of a regular packet according to the second
embodiment.
[Fig. 13A] Fig. 13A is a diagram useful in explaining one example structure of the synchronization information shown
in Fig. 12.
[Fig. 13B] Fig. 13B is a diagram useful in explaining one example structure of the synchronization information shown
in Fig. 12.
[Fig. 13C] Fig. 13C is a diagram useful in explaining one example structure of the synchronization information shown
in Fig. 12.
[Fig. 14] Fig. 14 is a table useful in explaining one example structure of the control information shown in Fig. 12.
[Fig. 15] Fig. 15 is a diagram useful in showing one example structure of registers relating to the shutter control
portion shown in Fig. 11.
[Fig. 16] Fig. 16 is a sequence chart showing one example operation of the video display system according to the
second embodiment.
[Fig. 17] Fig. 17 is a sequence chart showing another example operation of the video display system according to
the second embodiment.
[Fig. 18] Fig. 18 is a sequence chart showing another example operation of the video display system according to
the second embodiment.
[Fig. 19] Fig. 19 is a flowchart showing one example operation of the video display system according to the second
embodiment.
[Fig. 20] Fig. 20 is a diagram useful in explaining transmission and reception of regular packets according to the
second embodiment.
[Fig. 21] Fig. 21 is a flowchart showing another example operation of the video display system according to the
second embodiment.
[Fig. 22] Fig. 22 is a flowchart showing another example operation of the video display system according to the
second embodiment.
[Fig. 23] Fig. 23 is a block diagram showing one example structure of the shutter control portion of the shutter glasses
according to a modification to the second embodiment.
[Fig. 24] Fig. 24 is a timing waveform chart for explaining a standard synchronization signal according to a modification.
[Fig. 25] Fig. 25 is a timing waveform chart for explaining a standard synchronization signal according to another
modification.
[Fig. 26A] Fig. 26A is a schematic diagram showing one example operation of a video display system according to
a modification.
[Fig. 26B] Fig. 26B is a schematic diagram showing one example operation of a video display system according to
a modification.

Description of Embodiments

[0026] Hereinafter, preferred embodiments of the present invention will be described in detail with reference to the
appended drawings. Note that, in this specification and the appended drawings, structural elements that have substantially
the same function and structure are denoted with the same reference numerals, and repeated explanation of these
structural elements is omitted.
[0027] Note that the description will be given in the order shown below.

1. The First Embodiment
2. The Second Embodiment
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1. The First Embodiment

Example Structure

Structure of Video Display System

[0028] A video display system according to a first embodiment of the present invention is described below. First, the
structure of the video display system will be described. FIG. 1 shows an example structure of a video display system
10. FIG. 1 also shows a display device 100, and shutter glasses 200 used to cause a viewer to perceive images displayed
by the display device 100 as stereoscopic images. The video display system 10 is composed of the display device 100
and the shutter glasses 200.
[0029] The display device 100 shown in FIG. 1 is provided with an image display portion 110 that displays images.
The display device 100 does not only display normal images on the image display portion 110, but can also display three
dimensional images on the image display portion 110 that are perceived by the viewer as stereoscopic images.
[0030] The structure of the image display portion 110 will be explained in more detail later. As a simple description
here, the image display portion 110 includes a light source, a liquid crystal panel and a pair of polarizing plates that
sandwich the liquid crystal panel. Light from the light source is polarized in a predetermined direction by passing through
the liquid crystal panel and a pair of polarizing plates.
[0031] The shutter glasses 200 include a right eye image transmission portion 212 and a left eye image transmission
portion 214, which are liquid crystal shutters, for example. The shutter glasses 200 perform opening and closing operations
of the right eye image transmission portion 212 and the left eye image transmission portion 214, which are formed of
liquid crystal shutter respectively, in response to a signal transmitted from the display device 100. The opening and
closing operations of the right eye image transmission portion 212 and the left eye image transmission portion 214 are
performed by a shutter control portion 210 (later described). The viewer can perceive an image displayed on the image
display portion 110 as a stereoscopic image, by looking at the light emitted from the image display portion 110 through
the right eye image transmission portion 212 and the left eye image transmission portion 214 of the shutter glasses 200.
[0032] On the other hand, when a normal image is displayed on the image display portion 110, by seeing the light
output from the image display portion 110 as it is, the viewer can perceive the image as the normal image.
[0033] Note that, in FIG. 1, the display device 100 is portrayed as a television receiver, but the present invention is
naturally not limited to this example of the form of the display device 100. The display device 100 according to the present
invention may be, for example, a monitor that is used when connected to an electronic appliance such as a personal
computer or the like, or it may be a mobile game console, a mobile telephone, or a portable music playback device and
so on.
[0034] The outer appearance of the display device 100 is described above. Next, the functional structure of the display
device 100 will be explained.

(Functional Structure of Display Deice)

[0035] FIG. 2 is showing the functional structure of the display device 100. Hereinafter, the functional structure of the
display device 100 will be explained with reference to FIG. 2.
[0036] As shown in FIG. 2, the display device 100 includes the image display portion 110, a video signal control portion
120, a shutter control portion 130, a timing control portion 140, and a backlight control portion 155.
[0037] The image display portion 110 displays images in the manner described above, and when a signal is applied
from an external source, display of images is performed in accordance with the applied signal. The image display portion
110 includes a display panel 112, a gate driver 113, a data driver 114 and a backlight 115.
[0038] The display panel 112 displays images in accordance with the signal applied from an external source. The
display panel 112 displays images by sequentially scanning a plurality of scanning lines. Liquid crystal molecules having
a predetermined orientation are filled in a space between transparent plates, made of glass or the like, of the display
panel 112. A drive system of the display panel 112 may be a twisted nematic (TN) system, a vertical alignment (VA)
system, or an in-place-switching (IPS) system. In the following explanation, the drive system of the display panel 112 is
the VA system, unless otherwise specified, but it goes without saying that the present invention is not limited to this
example. Note that the display panel 112 according to the present embodiment is a display panel that can rewrite the
screen at a high-speed frame rate (120 Hz and 240 Hz, for example). In the present embodiment, an image for the right
eye and an image for the left eye are displayed alternately on the display panel 112 at a predetermined timing, thereby
causing the viewer to perceive a stereoscopic image.
[0039] The gate driver 113 is a driver that drives a gate bus line (not shown in the figures) of the display panel 112.
A signal is transmitted from the timing control portion 140 to the gate driver 113, and the gate driver 113 outputs a signal
to the gate bus line in accordance with the signal transmitted from the timing control portion 140.
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[0040] The data driver 114 is a driver that generates a signal that is applied to a data line (not shown in the figures)
of the display panel 112. A signal is transmitted from the timing control portion 140 to the data driver 114. The data driver
114 generates a signal to be applied to the data line, in accordance with the signal transmitted from the timing control
portion 140, and outputs the generated signal.
[0041] The backlight 115 is provided on the furthermost side of the image display portion 110 as seen from the side
of the viewer. When an image is displayed on the image display portion 110, white light that is not polarized (unpolarized
light) is output from the backlight 115 to the display panel 112 positioned on the side of the viewer. The backlight 115
may use a light-emitting diode, for example, or may use a cold cathode tube. Note that the backlight 115 shown in FIG.
2 is a surface light source, but the present invention is not limited to this form of light source. For example, the light
source may be arranged around the peripheral edges of the display panel 112, and may output light to the display panel
112 by diffusing the light from the light source using a diffuser panel etc. Alternatively, for example, a point light source
and a condenser lens may be used in combination in place of the surface light source. Note that as the display device
100, the present embodiment exemplifies a liquid crystal display device that displays video using liquid crystal, however,
the present invention is not limited to this example. As a display device, any type of device that displays video using
CRT, LED liquid crystal, plasmas, organic EL, or the like may be used, and a device that displays video on a screen by
projecting the video on the screen may be used.
[0042] When the video signal control portion 120 receives a video signal from an external source, the video signal
control portion 120 performs various types of signal processing on the received video signal such that it is suitable for
three-dimensional image display on the image display portion 110 and outputs the processed signal. The video signal
on which signal processing has been performed by the video signal control portion 120 is transmitted to the timing control
portion 140. Further, when the video signal control portion 120 performs signal processing, it transmits a predetermined
signal to the shutter control portion 130 in accordance with the signal processing. The signal processing by the video
signal control portion 120 is, for example, as described below.
[0043] When a video signal (a video signal for the right eye) to display an image for the right eye on the image display
portion 110 and a video signal (a video signal for the left eye) to display an image for the left eye on the image display
portion 110 are transmitted to the video signal control portion 120, the video signal control portion 120 generates, from
the two video signals, a video signal for three dimensional images. In the present embodiment, from the input video
signal for the right eye and video signal for the left eye, the video signal control portion 120 generates video signals to
cause images to be displayed in a time division manner on the display panel 112 in the following order: image for the
right eye -> image for the left eye -> image for the right eye -> image for the left eye, and so on. In some cases, the
image for the left eye and the image for the right eye are each displayed by repeatedly displaying a plurality of frames,
and in such a case, the video signal control portion 120 generates video signals to cause images to be displayed, for
example, in the following order: image for the right eye -> image for the right eye -> image for the left eye -> image for
the left eye -> image for the right eye -> image for the right eye and so on.
[0044] The shutter control portion 130 receives transmission of a predetermined signal that is generated based on
signal processing by the video signal control portion 120. Based on the received predetermined signal, the shutter control
portion 130 generates a shutter control signal that controls a shutter operation of the shutter glasses 200. Based on the
shutter control signal that is generated by the shutter control portion 130 and emitted by radio based on IEEE 802.15.4
for example, the shutter glasses 200 perform opening and closing operations of the right eye image transmission portion
212 and the left eye image transmission portion 214. The backlight control portion 155 receives transmission of a
predetermined signal that is generated based on the signal processing by the video signal control portion 120. Based
on the received predetermined signal, the backlight control portion 155 generates a backlight control signal that controls
an illumination operation of the backlight.
[0045] Based on a signal transmitted from the video signal control portion 120, the timing control portion 140 generates
pulse signals that are used in operation of the gate driver 113 and the data driver 114. By generating the pulse signals
in the timing control portion 140, and by the gate driver 113 and the data driver 114 receiving the pulse signals generated
by the timing control portion 140, images are displayed on the display panel 112 in accordance with signals transmitted
from the video signal control portion 120.
[0046] This completes the description of the functional structure of the display device 100 with reference to FIG. 2.
Next, the structures of the shutter control portion 130 included in the display device 100 and the shutter control portion
210 included in the shutter glasses 200 will be described.

(Functional Structures of Shutter Control Portions)

[0047] FIG. 3 shows example structures of the shutter control portion 130 included in the display device 100 and the
shutter control portion 210 included in the shutter glasses 200. The structures of the shutter control portions 130, 210
are described below with reference to FIG. 3.
[0048] As shown in FIG. 3, the shutter control portion 130 includes an oscillation circuit 131, a counter 132, a vertical
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synchronization latch circuit 133, and an RF communication portion 134. The shutter control portion 210 includes an
oscillation circuit 231, a counter 232, a shutter switching value holding portion 233, an RF communication portion 234,
a comparison portion 235, a shutter opening/closing control portion 236, a transmission timing holding portion 243, a
comparison portion 245, and a power control portion 246.
[0049] The oscillation circuit 131 is a circuit that is equipped with a crystal oscillator and oscillates at a specified
frequency, and supplies a generated clock to the counter 132 as a standard clock Clk. The counter 132 is a counter that
increments a value based on the standard clock Clk generated by the oscillation circuit 131 and outputs as a standard
count value Cnt. The counter 132 is a counter used to indicate the opening/closing timing of the right eye image trans-
mission portion 212 and the left eye image transmission portion 214 of the shutter glasses 200, with control being carried
out between the display device 100 and the shutter glasses 200 so that the value of the counter 132 is the same as the
value of the counter 232. Also, as described later, the counter 132 is also used to inform the shutter glasses 200 of
transmission timing when the display device 100 transmits information to the shutter glasses 200.
[0050] ’ The vertical synchronization latch circuit 133 is a circuit that holds the value of the counter 132 at timing of
rises and falls of vertical synchronization pulses (a standard synchronization signal Sync) supplied from outside the
shutter control portion 130. The value of the counter 132 held by the vertical synchronization latch circuit 133 is transmitted
by radio from the RF communication portion 134 to the shutter glasses 200 and is stored inside the shutter control portion
210. The RF communication portion 134 carries out radio communication based on IEEE 802.15.4 with the RF commu-
nication portion 234, of the shutter control portion 210.
[0051] The shutter control portion 210 transmits a synchronization request for a clock frequency to the display device
100, receives a packet transmitted by radio from the display device 100 and synchronizes the clock frequency, and
controls the opening/closing timing of the liquid crystal shutters. The RF communication portion 234 carries out radio
communication based on IEEE 802.15.4 with the RF communication portion 134 of the shutter control portion 130. The
oscillation circuit 231 is a circuit that is equipped with a crystal oscillator and oscillates at a specified frequency, and
supplies a generated clock to the counter 232 as a subclock SubClk. The counter 232 is a counter that increments a
value based on the subclock SubClk generated by the oscillation circuit 231 and outputs as a subcount value Csub. The
counter 232 is a counter used for switching opening and closing of the right eye image transmission portion 212 and the
left eye image transmission portion 214 of the shutter glasses 200, and is provided so that the value of the counter 232
and the value held by the shutter switching value holding portion 233 are compared by the comparison portion 235, and
when both match, control is carried out by the shutter opening/closing control portion 236 so that the right eye image
transmission portion 212 and/or the left eye image transmission portion 214 are opened and closed. The counter 232
is also used so that the value of the counter 232 and the value held by the transmission timing holding portion 243 are
compared by the comparison portion 245 and when both match, control is carried out so that the RF communication
portion 234 is made able to receive. Note that the bit length of the counter 232 is the same as the bit length of the counter
132.
[0052] The shutter switching value holding portion 233 holds information on the value of the counter that indicates the
shutter opening/closing timing and is transmitted by radio from the display device 100via the RF communication portion
134. If the value of the counter 232 that is incremented by the clock generated by the oscillation circuit 231 matches the
value stored by the shutter switching value holding portion 233, the shutter opening/closing control portion 236 carries
out control so that the right eye image transmission portion 212 and/or the left eye image transmission portion 214 are
caused to open and/or close.
[0053] The comparison portion 235 compares the value of the counter 232 that is incremented by the clock generated
by the oscillation circuit 231 and the value stored in the shutter switching value holding portion 233. Both are compared
and if there is a match, the comparison portion 235 transmits an opening/closing instruction (right eye control signal
CTRLR and left eye control signal CTRLL) to the shutter opening/closing control portion 236 to cause the right eye image
transmission portion 212 and/or the left eye image transmission portion 214 to open and close and instructs the shutter
switching value holding portion 233 to increment the value stored in the shutter switching value holding portion 233 in
order to set the next opening/closing timing. The value of the increment is transmitted in advance from the display device
100 to the shutter glasses 200 as a switching interval. By transmitting the opening/closing interval and/or opening/closing
timing of the liquid crystal shutters from the display device 100 to the shutter glasses 200 in advance as a parameter
described later, it becomes possible for the shutter glasses 200 to find the next opening/closing timing by calculation.
The shutter switching value holding portion 233 holds the value found by calculation and also holds the value while
correcting the timing using the counter value transmitted from the shutter control portion 130 with a specified interval.
Notification of the switching timing of the liquid crystal shutters is then given to the comparison portion 235 as the value
of the counter held by the shutter switching value holding portion 233.
[0054] The shutter opening/closing control portion 236 causes the right eye image transmission portion 212 and/or
the left eye image transmission portion 214 to open and close, and causes the right eye image transmission portion 212
and/or the left eye image transmission portion 214 to open and close based on opening/closing instructions (the right
eye control signal CTRLR and left eye control signal CTRLL) from the comparison portion 235.



EP 2 391 144 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0055] FIG. 4 shows the relationship between the standard synchronization signal Sync, and the right eye control
signal CTRLR and left eye control signal CTRLL, with (A) showing the waveform of the standard synchronization signal
Sync, (B) showing the waveform of the left eye control signal CTRLL, and (C) showing the waveform of the right eye
control signal CTRLR.
[0056] The standard synchronization signal Sync has a rectangular waveform as shown in FIG. 4(A). The duty ratio
of the standard synchronization signal Sync can be changed. The left eye control signal CTRLL has the same waveform
as the standard synchronization signal Sync. That is, the video display system 10 operates so that the timing of rises
and falls in the standard synchronization signal Sync in the display device 100 is reproduced in the shutter glasses 200
as the left eye control signal CTRLL. The right eye control signal CTRLR is generated in the shutter opening/closing
control portion 236 so as to have a waveform that is one half-cycle behind the left eye control signal CTRLL. The left
eye control signal CTRLL and the right eye control signal CTRLR indicate the respective states of the left eye image
transmission portion 214 and the right eye image transmission portion 212. That is, a high level for the left eye control
signal CTRLL and the right eye control signal CTRLR indicates a transmission state (open state), and an example level
indicates a blocking state (closed state). The duty ratio of the standard synchronization signal Sync described above
corresponds to the ratio (opening/closing duty ratio) between the transmission state and blocking state of the respective
transmission portions of the left eye image transmission portion 214 and the right eye image transmission portion 212.
[0057] The transmission timing holding portion 243 holds information on a value of the counter (a "transmission-side
count value Ctr", described later) showing transmission timing at the display device 100 that is transmitted by radio from
the display device 100 via the RF communication portion 134.
[0058] The comparison portion 245 compares the value of the counter 232 and the value stored by the transmission
timing holding portion 243. Both are compared and if there is a match, the comparison portion 245 instructs the power
control portion 246 to make the RF communication portion 234 able to receive and instructs the transmission timing
holding portion 243 to increment the value stored by the transmission timing holding portion 243 in order to set the next
transmission timing. The value of the increment is transmitted in advance from the display device 100 to the shutter
glasses 200 as the transmission timing interval. By transmitting the transmission timing interval and/or transmission
timing (the transmission-side count value Ctr) from the display device 100 to the shutter glasses 200 as a parameter
described later, it is possible for the shutter glasses 200 to find the next transmission timing by calculation. The trans-
mission timing holding portion 243 holds the value found by calculation and also holds the value while correcting the
timing using the count value (transmission-side count value Ctr) transmitted from the shutter control portion 130 at
specified intervals. Notification of the transmission timing is then given to the comparison portion 245 as the value of
the counter held by the transmission timing holding portion 243.
[0059] The power control portion 246 sets the state of the RF communication portion 234 at a reception-possible state
and at a rest state with low power consumption based on instructions from the comparison portion 245. That is, the
power control portion 246 sets a reception timeslot based on an instruction from the comparison portion 245 and carries
out control to set the RF communication portion 234 in the reception-possible state in accordance with timing at which
the display device 100 transmits. Note that when setting the RF communication portion 234 in the rest state, the power
control portion 246 may place other circuits (aside from the oscillation circuit 231, the counter 232, and the like that need
to operate constantly) that do not obstruct the operation of the shutter glasses 200 in a rest state.
[0060] By constructing the shutter control portions 130, 210 in this way, there is no need to transmit opening/closing
instructions for the right eye image transmission portion 212 and/or the left eye image transmission portion 214 by radio
at extremely short intervals from the display device 100 to the shutter glasses 200. That is even if the display device
100 does not indicate opening/closing operations every time the shutter glasses 200 perform an opening/closing operation
of the shutters, it is possible for the shutter glasses 200 to carry out opening/closing control of the right eye image
transmission portion 212 and/or the left eye image transmission portion 214 by comparing the value of the free-running
counter 232 inside the shutter glasses 200 and the value held by the shutter switching value holding portion 233. That
is, the display device 100 is capable of wirelessly transmitting opening/closing instructions to the shutter glasses 200 at
longer intervals than the opening/closing intervals of the shutters.
[0061] Also, in the shutter glasses 200, it is possible to set a reception timeslot in accordance with the transmission
timing from the display device 100 and set the RF communication portion 234 in the reception-possible state. By doing
so, it is possible to reduce the power consumption of the shutter glasses 200.
[0062] This completes the description of the structures of the shutter control portions 130, 210 with reference to FIG.
3. Note that in order to cause the right eye image transmission portion 212 and the left eye image transmission portion
214 of the shutter glasses 200 to open and close based on the value of the counter transmitted from the display device
100 in this way, it is necessary for the clock frequencies of the shutter control portions 130, 210 to match. Accordingly,
the shutter glasses 200 carry out a process to make the clock frequencies of the shutter control portions 130, 210 match
before carrying out opening/closing operations of the right eye image transmission portion 212 and/or the left eye image
transmission portion 214. The structure for carrying out the process to make the clock frequencies of the shutter control
portions 130, 210 match will now be described here.
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[0063] FIG. 5 shows one example structure of the shutter control portions 130, 210. In FIG. 5, the structure for carrying
out the process to make the clock frequencies of the shutter control portions 130, 210 match is shown. The structures
of the shutter control portions 130,210 are described below with reference to FIG. 5.
[0064] As shown in FIG. 5, the shutter control portion 130 includes the oscillation circuit 131 that is equipped with a
crystal oscillator, the RF communication portion 134, a counter 161, a count value latch circuit 162, a timing generation
interval control portion 163, a transmission timing generating portion 164, and a packet generating portion 165. Also,
the shutter control portion 210 includes the oscillation circuit 231, the RF communication portion 234, a counter 261, a
reception-side count value latch circuit 262, a count value acquiring portion 263, reception-side count value holding
portions 264a, 264b, transmission-side count value holding portions 265a, 265b, difference acquiring portions 266a,
266b, and a clock frequency control portion 267.
[0065] The counter 161 is a counter for matching the clock frequencies of the shutter control portions 130, 210,
increments a value based on the standard clock Clk generated by the oscillation circuit 131, and outputs as a standard
count value Cnt. The count value latch circuit 162 latches the value of the counter 161 as the transmission-side count
value Ctr, with the timing of such latching being the timing at which a latch transmission trigger is received from the
transmission timing generating portion 164.
[0066] The timing generation interval control portion 163 controls the intervals between packet transmission timing
from the RF communication portion 134. The timing generation interval control portion 163 notifies the transmission
timing generating portion 164 of the transmission timing of a packet at intervals of several hundred milliseconds, for
example. In accordance with a synchronization request for the clock frequencies from the shutter glasses 200, the timing
generation interval control portion 163 starts to notify the transmission timing generating portion 164.
[0067] The transmission timing generating portion 164 notifies the packet generating portion 165 of the transmission
timing of a packet. The transmission timing generating portion 164 that has received notification from the timing generation
interval control portion 163 transmits the latch transmission trigger to the count value latch circuit 162 and also instructs
the packet generating portion 165 to generate a packet including information on the count value (transmission-side count
value Ctr) latched by the count value latch circuit 162.
[0068] The packet generating portion 165 generates a packet including information on the count value (transmission-
side count value Ctr) latched by the count value latch circuit 162. The packet generated by the packet generating portion
165 is transmitted by radio from the RF communication portion 134.
[0069] According to the structure described above, the display device 100 generates and transmits a packet including
information on the count value latched by the count value latch circuit 162 at timing indicated by the timing generation
interval control portion 163. That is, the count value (transmission-side count value Ctr) latched by the count value latch
circuit 162 functions as the transmission time at the display device 100 when the packet is transmitted by the display
device 100.
[0070] The counter 261 is a counter for matching the clock frequencies of the shutter control portions 130, 210,
increments a value based on the subclock SubClk generated by the oscillation circuit 231, and outputs as the subcount
value Csub. The reception-side count value latch circuit 262 is a circuit that latches the value of the counter 261, and
latches the value of the counter 261 at the timing at which the RF communication portion 234 receives the packet
including information on the count value (the transmission-side count value Ctr) latched by the count value latch circuit
162. That is, the value (reception-side count value Crec) of the counter 261 latched by the reception-side count value
latch circuit 262 functions as the reception time at the shutter glasses 200 when the packet is received by the shutter
glasses 200. The value of the counter 261 latched by the reception-side count value latch circuit 262 is sent to the
reception-side count value holding portion 264a. The value that was hitherto stored by the reception-side count value
holding portion 264a is then sent to the reception-side count value holding portion 264b at the timing at which the value
of the counter 261 latched by the reception-side count value latch circuit 262 is sent to the reception-side count value
holding portion 264a.
[0071] The count value acquiring portion 263 acquires information on the count value latched by the count value latch
circuit 162 that is included in the packet received by the RF communication portion 234. The information on the count
value acquired by the count value acquiring portion 263 is sent to the transmission-side count value holding portion 265a.
[0072] The reception-side count value holding portions 264a, 264b hold the value of the counter 261 latched by the
reception-side count value latch circuit 262. The reception-side count value holding portion 264a holds the value of the
counter 261 latched by the reception-side count value latch circuit 262 at the timing at which the packet including
information on the count value latched by the count value latch circuit 162 transmitted from the RF communication portion
134 was received. Also, the reception-side count value holding portion 264b holds the value of the counter 261 latched
by the reception-side count value latch circuit 262 at the timing at which the packet including information on the count
value latched by the count value latch circuit 162 transmitted from the RF communication portion 134 the previous time
was received. ’
[0073] The transmission-side count value holding portions 265a, 265b hold the count value latched by the count value
latch circuit 162 that has been acquired by the count value acquiring portion 263. The transmission-side count value
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holding portion 265a holds the count value (transmission-side count value Ctr) latched by the count value latch circuit
162 included in the packet transmitted from the RF communication portion 134. Also, the transmission-side count value
holding portion 265b holds the count value latched by the count value latch circuit 162 included in the packet transmitted
from the RF communication portion 134 the previous time.
[0074] The difference acquiring portion 266a acquires the difference between the values held by the reception-side
count value holding portions 264a, 264b. In the same way, the difference acquiring portion 266b acquires the difference
between the values held by the transmission-side count value holding portions 265a, 265b. By comparing the differences
acquired by the difference acquiring portions 266a, 266b using the clock frequency control portion 267, it is possible for
the clock frequency control portion 267 to grasp any difference between the clock frequency of the standard clock Clk
generated by the oscillation circuit 131 and the clock frequency of the subclock SubClk generated by the oscillation
circuit 231.
[0075] The clock frequency control portion 267 compares the differences acquired by the difference acquiring portions
266a, 266b, grasps any difference in the clock frequency between the transmission side and the reception side, and
controls the clock frequency of the oscillation circuit 231. That is, if, for example, the difference for the counter 161 on
the transmission side is larger than the difference for the counter 261 on the reception side, the clock frequency of the
standard clock Clk generated by the oscillation circuit 131 is higher than the clock frequency of the subclock SubClk
generated by the oscillation circuit 231, and accordingly the clock frequency control portion 267 controls the clock
frequency of the oscillation circuit 231 in an increasing direction so as to match the clock frequency of the oscillation
circuit 131.
[0076] By constructing the shutter control portions 130, 210 in this way, it is possible to match the clock frequency of
the oscillation circuit 231 to the clock frequency of the oscillation circuit 131. Note that the shutter control portion 210
may carry out the control process over the clock frequency of the oscillation circuit 231 using the clock frequency control
portion 267 a number of times consecutively. Note that the packet (clock frequency synchronization packet) for synchro-
nizing the clock frequencies is transmitted regularly from the shutter control portion 130 even after the clock frequency
of the oscillation circuit 231 has been matched to the clock frequency of the oscillation circuit 131. In the shutter glasses
200, it is possible to receive the clock frequency synchronization packet regularly transmitted from the shutter control
portion 130 and carry out the synchronization process for the clock frequency to continuously synchronize the clock
frequencies. When doing so, the transmission interval of the clock frequency synchronization packet from the shutter
control portion 130 may be longer than the transmission interval when the clock frequency is synchronized the first time.
By setting the transmission interval of the clock frequency synchronization packet from the shutter control portion 130
longer, the power required for transmitting and receiving packets is suppressed.
[0077] This completes the description of the structure for carrying out the process for matching the clock frequencies
of the shutter control portions 130, 210 with reference to FIG. 5.
[0078] Here, the display device 100 corresponds to a specific example of a "video display device" for the present
invention. The image display portion 110 corresponds to a specific example of a "display portion" for the present invention.
The counters 132, 161 correspond to specific examples of "clock counters" in a video display device according to the
present invention. The transmission-side count value Ctr corresponds to a specific example of a "transmission time
count value" for the present invention. The RF communication portion 134 corresponds to a specific example of a
"transmission portion" for the present invention.
[0079] The right eye image transmission portion 212 and the left eye image transmission portion 214 correspond to
specific examples of "shutters" for the present invention. The counters 232, 261 correspond to specific examples of
"clock counters" in shutter glasses according to the present invention. The reception-side count value Crec corresponds
to a specific example of a "reception time count value" for the present invention. The RF communication portion 234,
the reception-side count value latch circuit 262, the reception-side count value holding portions 264a, 264b, the count
value acquiring portion 263, and the transmission-side count value holding portions 265a, 265b correspond to specific
examples of a "reception portion" for the present invention. The power control portion 246 corresponds to a specific
example of a "control portion" for the present invention.

Operation and Effects

[0080] Next, the operation of the video display system 10 will be described.
[0081] FIG. 6 shows a series of operations carried out by the display device 100 and the shutter glasses 200. The
series of operations carried out by the display device 100 and the shutter glasses 200 are described below with reference
to FIG. 6. Note that in FIG. 6, for the lines between the display device 100 and the shutter glasses 200, the solid lines
show unicast transmission and the broken lines show broadcast transmission, respectively.
[0082] To view video that is displayed on the display device 100 according to time division via the shutter glasses 200,
first it is necessary to match the clock frequencies of the shutter control portion 130 and the shutter control portion 210.
For this reason, the shutter glasses 200 transmit a synchronization request for the clock frequencies by radio to the
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display device 100 (step S101). A synchronization request packet for the clock frequencies is generated by the shutter
control portion 210, for example.
[0083] The display device 100 that has received the synchronization request for the clock frequencies by radio from
the shutter glasses 200 transmits a packet including the value of the counter 161 for synchronizing the clock frequencies
by radio to the shutter glasses 200 (step S102). Note that although the packet including the value of the counter 161 is
transmitted from the display device 100 by a broadcast, the details thereof are described later.
[0084] Once the clock frequency has been synchronized with the display device 100, the shutter glasses 200 next
transmit, by radio to the display device 100, a matching request for the counter value of the counter 161 to indicate the
opening/closing timing of the right eye image transmission portion 212 and/or the left eye image transmission portion
214 (step S103). Although such matching process for the count values carried out between the display device 100 and
the shutter glasses 200 should preferably take into consideration the time required for radio communication and fluctu-
ations in such time and be repeated several times until the counter values exactly match, the matching process for the
counter values may be completed when the values are within a given tolerance.
[0085] Once the count values of the display device 100 and the shutter glasses 200 match, the display device 100
then regularly transmits, by radio broadcast to the shutter glasses 200, the value of the counter 132 at timing where the
video displayed according to time division on the display device 100 switches as the opening/closing timing of the right
eye image transmission portion 212 and/or the left eye image transmission portion 214 (step S104). This notification of
the opening/closing timing is transmitted at intervals (for example, intervals of several hundred milliseconds) that are
sufficiently longer than the intervals at which the display device 100 switches the video. Also, to correct any difference
in clock frequency between the display device 100 and the shutter glasses 200, a packet including the counter value of
the counter 161 for synchronizing the clock frequencies is regularly transmitted by radio to the shutter glasses 200 (step
S105). It should be obvious that for the present invention, the transmission of a packet including the counter value of
the counter 161 does not need to be carried out regularly and may be carried out by broadcast transmission from the
display device 100 at timing where the video source changes, for example, at timing when the content has changed
(which includes timing of a change from content that displays 3D video to content that displays conventional 2D video,
or timing of the opposite change) and/or at timing where the channel has been switched on the display device 100,
[0086] By transmitting the opening/closing timing in step S104 described above, it is possible to match the opening/
closing timing of the right eye image transmission portion 212 and/or the left eye image transmission portion 214 of the
shutter glasses 200 to the switching timing of video displayed by the display device 100. Note that since the switching
timing of video displayed by the display device 100 sometimes shifts due to switching of the video source and the like,
it is preferable to carry out the transmission of the opening/closing timing of the right eye image transmission portion
212 and/or the left eye image transmission portion 214 from the display device 100 at specified intervals as described
above.
[0087] Also, together with the transmission of the opening/closing timing in step S104 described above, various pa-
rameters relating to the opening/closing timing are also transmitted by radio from the display device 100. The vertical
synchronization frequency when video is displayed by the display device 100 is not a single value and changes according
to region and/or the device construction. Also, the opening/closing timing of the shutter glasses 200 also changes
according to the type of display panel. Accordingly, by transmitting various parameters relating to the opening/closing
timing from the display device 100 to the shutter glasses 200, it becomes possible to make the shutter glasses 200
compatible with various types of display device.
[0088] The opening/closing pattern of the liquid crystal shutters of the shutter glasses 200 when causing the images
displayed on the image display portion 110 to be perceived as stereoscopic images has the right eye image transmission
portion 212 and the left eye image transmission portion 214 open alternately and does not open both at the same time.
Also, to prevent crosstalk, a period where both liquid crystal shutters are closed should preferably be provided from the
closing of one liquid crystal shutter until the opening of the other liquid crystal shutter. However, if the period where both
liquid crystal shutters are closed is set too long, the length of time the liquid crystal shutters are open becomes short
and the amount of light reaching the eye is reduced, making the video appear dark.
[0089] Also, the opening/closing intervals of the liquid crystal shutters of the shutter glasses 200 are decided by the
frame interval and the image switching frequency of the display device 100. The frame interval of the display device 100
changes according to the frame frequency of the image source and whether image quality improvement processing,
such as processing that improves the number of display frames, is carried out by the display device 100. Also, the period
both liquid crystal shutters are closed to prevent crosstalk is affected by the switching frequency of video on the display
device 100 and the optimal value changes according to the device type of the display panel (CRT, liquid crystal, LED
liquid crystal, plasma, organic EL, or the like) and the scanning method of the display panel.
[0090] Accordingly, the optimal value of the opening/closing timing of the liquid crystal shutters of the shutter glasses
200 is decided not according to the shutter glasses 200 but according to the construction and/or video source of the
display device 100. Also, aside from sources that cause the user to perceive stereoscopic video, image sources include
sources that are perceived as conventional flat images, and when flat images are displayed on the display device 100,
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it is preferable to stop the opening/closing operations of the liquid crystal shutters of the shutter glasses 200 and set the
shutters in a constantly open state to make the video easy to watch.
[0091] As described above, by giving notification, as parameters, of the timing at which opening/closing operations of
the liquid crystal shutters of the shutter glasses 200 are to be carried out to the shutter glasses 200 from the display
device 100, it is possible to facilitate optimization of the opening/closing timing of the liquid crystal shutters of the shutter
glasses 200. More specifically, by transmitting the opening/closing interval of the liquid crystal shutters, the video trans-
mission time of the liquid crystal shutters, and the respective offset times until the start of the video transmission time
of the left and right liquid crystal shutters as parameters to the shutter glasses 200, the display device 100 is capable
of optimizing the opening/closing timing of the liquid crystal shutters of the shutter glasses 200.
[0092] FIG. 7 shows one example of the opening/closing timing of the right eye image transmission portion 212 and
the left eye image transmission portion 214. In FIG. 7, (1) shows the opening/closing interval of the liquid crystal shutters
and matches the switching interval of the video displayed on the display device 100. (2) shows the video transmission
time of the liquid crystal shutters, and is the time for which the right eye image transmission portion 212 or the left eye
image transmission portion 214 of the shutter glasses 200 passes light in one interval. As a rule, the video transmission
time is the same for the right eye and the left eye and the optimal time for the video transmission time is decided according
to the type and/or frame frequency of the display device 100. (3) and (4) are offset times until the respective left and
right liquid crystal shutters open from a start point of an opening/closing interval of the liquid crystal shutters.
[0093] The parameters (1) to (4) described above transmitted from the display device 100 have the value of the counter
132 (the counter 232) as a standard. When parameters are transferred from the display device 100 to the shutter glasses
200, since the clock frequencies of the display device 100 and the shutter glasses 200 and the values of the counters
132, 232 have been synchronized, it is possible to control the opening/closing timing of the liquid crystal shutters of the
shutter glasses 200 from the display device 100 by transferring relative values and absolute values of the counter value
as the parameters (1) to (4) described above. ’
[0094] Note that FIG. 7 shows an example of the opening/closing timing for a case where a user wearing the shutter
glasses 200 is caused to perceive stereoscopic video, but in a case where different video is presented to a plurality of
users, the right eye image transmission portion 212 and the left eye image transmission portion 214 are simultaneously
opened and closed and in a case where flat images are presented, the right eye image transmission portion 212 and
the left eye image transmission portion 214 are constantly open. Accordingly, by also transmitting the type of video being
displayed from the display device 100 to the shutter glasses 200 as a parameter, it becomes possible for the shutter
glasses 200 to control the opening/closing timing of the liquid crystal shutters.
[0095] Also, the display device 100 also transmits, by radio to the shutter glasses 200, the timing (the transmission-
side count value Ctr) at which information relating to the opening/closing timing is transmitted using the parameters
described above. By doing so, the shutter glasses 200 are able to switch a reception operation on and off at such timing
and thereby suppress the power consumption.
[0096] In this way, by synchronizing the clock frequencies between the display device 100 and the shutter glasses
200 in advance and regularly giving notification of the opening/closing timing of the right eye image transmission portion
212 and/or the left eye image transmission portion 214 from the display device 100, the RF communication portion 234
in the shutter glasses 200 may be caused to operate only at the timing when notification of the opening/closing timing
is given, and compared to a case where notification of the opening/closing timing is given from the display device 100
at the same time as the switching timing of video, it is possible to make a large reduction in power consumption of the
display device 100 and the shutter glasses 200. By giving notification of information on the opening/closing timing from
the display device 100 in advance, even when the shutter glasses 200 have been unable to receive a packet from the
display device 100 due to whatever reason, it will still be possible to continue the opening/closing operations of the right
eye image transmission portion 212 and the left eye image transmission portion 214 based on the counter that is free
running inside the shutter glasses 200.
[0097] Here, the types of packet transmitted and received by radio between the display device 100 and the shutter
glasses 200 are categorized. The packets transmitted and received by radio between the display device 100 and the
shutter glasses 200 include a (1) clock frequency synchronization request packet, a (2) clock frequency synchronization
packet, a (3) counter matching packet, a (4) parameter notification packet, a (5) shutter timing notification packet, and
a (6) shutter timing and parameter enquiry packet.
[0098] The (1) clock frequency synchronization request packet is a packet transmitted from the shutter glasses 200
to the display device 100, and on receiving such clock frequency synchronization request packet, the display device
100 replies by sending the value of the counter 161 used to synchronize the clock frequencies several times to the
shutter glasses 200 by way of the (2) clock frequency synchronization packet.
[0099] As described above, the (2) clock frequency synchronization packet is a packet used by the display device that
has received the (1) clock frequency synchronization request packet to transmit the value of the counter 161 used to
synchronize the clock frequencies several times to the shutter glasses 200.
[0100] The (3) counter matching packet is a packet wirelessly transmitted and received in both directions between



EP 2 391 144 A1

14

5

10

15

20

25

30

35

40

45

50

55

the display device 100 and the shutter glasses 200 and is transmitted from the shutter glasses 200 that have synchronized
their clock frequency with the display device 100. The value of the counter 132 is transmitted in reply from the display
device 100 and is used at the shutter glasses 200 to match the counter.
[0101] The (4) parameter notification packet is a packet for transferring, from the display device 100, various parameters
relating to the opening/closing timing of the liquid crystal shutters of the shutter glasses 200 as described above, the
transmission timing (the transmission-side count value Ctr) from the display device 100, and the transmission timing
interval, and may be transmitted at the same timing as the transmission of the (2) clock frequency synchronization packet.
[0102] The (5) shutter timing notification packet is a packet regularly transmitted as a broadcast from the display device
100 to the shutter glasses 200 and is a packet for giving notification of the opening/closing timing of the liquid crystal
shutters of the shutter glasses 200 using the value of a counter.
[0103] The (6) shutter timing and parameter enquiry packet is a packet that separately requests transfer of the (5)
shutter timing notification packet when the shutter glasses 200 could not receive the (5) shutter timing notification packet
from the display device 100. Note that the reply from the display device 100 that has received the (6) shutter timing and
parameter enquiry packet is send as a unicast.
[0104] FIG. 8 shows one example operation of the video display system 10 using a flowchart. The series of operations
carried out by the display device 100 and the shutter glasses 200 is described below with reference to FIG. 8.
[0105] First, the shutter glasses 200 wirelessly transmit a synchronization request for the clock frequencies by radio
to the display device 100 (step S111). A synchronization request packet for the clock frequencies is generated by the
shutter control portion 210, for example. The timing at which such synchronization request is transmitted from the shutter
glasses 200 is the timing at which the power of the shutter glasses 200 is turned on, for example. The display device
100 that has received the synchronization request for the clock frequencies by radio from the shutter glasses 200
transmits a packet including the counter value of the counter 161 for synchronizing the clock frequencies by radio to the
shutter glasses 200.
[0106] The shutter glasses 200 that have received the packet including the counter value of the counter 161 transmitted
by radio from the display device 100 carry out a process that matches the clock frequencies of the display device 100
and the shutter glasses 200 (step S112). Although the process that matches the clock frequencies of the display device
100 and the shutter glasses 200 is carried out by a construction such as that shown in FIG. 3, for the present invention,
the construction that carries out the process that matches the clock frequencies of the display device 100 and the shutter
glasses 200 is not limited to this example.
[0107] When the clock frequencies of the display device 100 and the shutter glasses 200 match, the counter values
used to open/close the right eye image transmission portion 212 and/or the left eye image transmission portion 214 are
then matched between the display device 100 and the shutter glasses 200 (step S113). This is carried out by the shutter
glasses 200 transmitting a matching request for the counter values for indicating the opening/closing timing of the right
eye image transmission portion 212 and/or the left eye image transmission portion 214 by radio to the display device
100 and the display device 100 transmitting information on the counter value by radio to the shutter glasses 200 in
response to the matching request for the counter values.
[0108] Once the counter values used to open and close the right eye image transmission portion 212 and/or the left
eye image transmission portion 214 have been matched between the display device 100 and the shutter glasses 200,
next the display device 100 notifies the shutter glasses 200 of parameters such as the switching interval and open time
of the right eye image transmission portion 212 and/or the left eye image transmission portion 214 (step S214) and
notifies the shutter glasses 200 of the opening/closing timing based on the counter value used to open and close the
right eye image transmission portion 212 and the left eye image transmission portion 214 (step S115). Note that such
parameters may be transmitted from the display device 100 to the shutter glasses 200 at the point in time where the
clock frequencies of the display device 100 and the shutter glasses 200 match. When giving notification of the opening/
closing timing, the display device 100 notifies the shutter glasses 200 of the present counter value and the shutter glasses
200 compare the received counter value with their own counter value and confirm whether synchronization has not been
lost (step S 116).
[0109] If, as a result of the judgment in step S116 described above, synchronization has been maintained between
the display device 100 and the shutter glasses 200, the shutter glasses 200 enter a state where the next synchronization
confirmation timing is awaited (step S117). Meanwhile, if, as a result of the judgment in step S116 described above,
synchronization has been lost between the display device 100 and the shutter glasses 200, there is a return to step
S111 described above and the shutter glasses 200 wirelessly transmits a synchronization request for the clock frequencies
to the display device 100.
[0110] If the clock frequencies have been completely matched between the transmission side (the display device 100)
and the reception side (the shutter glasses 200), if the opening/closing timing is first transferred from the display device
100 to the shutter glasses 200, the counters will advance according to the respective clocks on the transmission side
and the reception side, and if it is possible to carry out the opening/closing operations of the liquid crystal shutters based
on the values of such counters, it will not be necessary for the display device 100 to regularly transmit the opening/



EP 2 391 144 A1

15

5

10

15

20

25

30

35

40

45

50

55

closing timing as described above as a radio broadcast.
[0111] However, in a case where the switching timing of the video displayed by the display device 100 has changed
due to the channel being switched, the content being reproduced being switched, or the like, it will be necessary to also
change the opening/closing timing of the shutters of the shutter glasses 200. A change in the switching timing caused
by such reasons cannot be predicted by the shutter glasses 200. Therefore, the display device 100 needs to inform the
shutter glasses 200 of the opening/closing timing. However, if the shutter glasses 200 were constantly in a reception
state, power would constantly be consumed for such reception and it would not be possible to extend the battery driven
time of the shutter glasses 200 that have a premise of being battery driven.
[0112] For this reason, after synchronizing the clock frequencies, synchronizing the counter values, and first receiving
the parameters relating to switching and/or the switching timing from the display device 100, the shutter glasses 200
set reception timeslots and intermittently carry out a reception operation. By doing so, it is possible for the shutter glasses
200 to greatly reduce the power during reception and to extend the battery driven time of the shutter glasses 200.
[0113] FIG. 9 shows one example of a communication operation in the video display system 10 by way of a sequence
chart. FIG. 9 shows a series of operations carried out by the display device 100 and the shutter glasses 200 and also
the reception operation periods of the RF communication portion 234 in the shutter glasses 200. The series of operations
carried out by the display device 100 and the shutter glasses 200 is described below with reference to FIG. 9.
[0114] First, the shutter glasses 200 transmit a synchronization request for the clock frequencies by radio to the display
device 100 (step S121). A synchronization request packet for the clock frequencies is generated by the shutter control
portion 210, for example. The timing at which such synchronization request is transmitted from the shutter glasses 200
is the timing at which the power of the shutter glasses 200 is turned on, for example. The display device 100 that has
received the synchronization request for the clock frequencies by radio from the shutter glasses 200 transmits a packet
including the value of the counter for synchronizing the clock frequencies by radio to the shutter glasses 200. The shutter
glasses 200 that have received the packet carry out a process that matches the clock frequencies of the display device
100 and the shutter glasses 200 (step S122).
[0115] After the synchronization of the clock frequencies of the display device 100 and the shutter glasses 200 has
been completed, the counter values used to open and close the right eye image transmission portion 212 and/or the left
eye image transmission portion 214 are matched next between the display device 100 and the shutter glasses 200 (step
S124), but before the process that matches such counter values, various parameters relating to opening/closing of the
right eye image transmission portion 212 and/or the left eye image transmission portion 214 and various parameters
relating to transmission from the display device 100 may be transmitted from the display device 100 to the shutter glasses
200 (step S123).
[0116] Once the counter values used to open and close the right eye image transmission portion 212 and/or the left
eye image transmission portion 214 have been matched between the display device 100 and the shutter glasses 200,
the display device 100 next notifies the shutter glasses 200 of parameters such as the switching interval, the open time,
and the like of the right eye image transmission portion 212 and/or the left eye image transmission portion 214 and also
notifies the shutter glasses 200 of the opening/closing timing based on the counter value used to open and close the
right eye image transmission portion 212 and/or the left eye image transmission portion 214 (step S125). At the same
time, the display device 100 transmits the transmission timing interval and the transmission timing (the transmission-
side count value Ctr) as parameters. After the first notification, the display device 100 transmits information on the
parameters and the opening/closing timing by radio at intervals set in advance.
[0117] The shutter glasses 200 then set the time from the wireless transmission of the synchronization request for the
clock frequencies in step S121 described above to the first notification from the display device 100 as the reception
operation period of the RF communication portion 234 and thereafter cause the RF communication portion 234 to carry
out a reception operation for a specified time (a reception timeslot) in accordance with the notification of information on
parameters and the opening/closing timing from the display device 100 and to enter a rest state at other times. For
example, if the information on the parameters and the opening/closing timing is transmitted by radio from the display
device 100 at 500 millisecond intervals, the shutter glasses 200 cause the RF communication portion 234 to carry out
a reception operation for 5 milliseconds in accordance with the timing of wireless transmission from the display device
100. The reception timeslots are set by the transmission timing holding portion 243, the comparison portion 245, and
the power control portion 246 based on the various parameters relating to transmission supplied from the display device
100. The radio communication system used in the present embodiment is based on IEEE 802.15.4, and according to
IEEE 802.15.4, it is possible to operate with the time required to carry out transmission from the rest state or the time
required to enter the rest state after reception set at several milliseconds or thereabouts. By doing so, the shutter glasses
200 become capable of greatly reducing the power consumption required by radio communication to around one hun-
dredth compared to when a constant reception state is set. Note that although it should be obvious that the standard
used for the radio communication system between the display device 100 and the shutter glasses 200 is not limited to
this example, as described above, it is preferable to use a standard where the time required to carry out transmission
from the rest state or the time required to enter the rest state after reception is around several milliseconds or less. ,
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[0118] It should be obvious that to realize such intermittent reception by the shutter glasses 200, it is also necessary
to transmit information on the parameters and the opening/closing timing from the display device 100 by radio in ac-
cordance with the intermittent reception operation periods of the shutter glasses 200, but this can be realized by syn-
chronizing the clock frequencies in advance between the display device 100 and the shutter glasses 200.
[0119] In cases where the shutter glasses 200 have not been able to properly receive the information on the parameters
and the opening/closing timing from the display device 100 due to the presence of an obstruction, a loss of synchronization,
or the like, the shutter glasses 200 enquire about the information on the parameters and the opening/closing timing to
the display device 100 (step S126). This may be an enquiry from the shutter glasses 200 to the display device 100 made
immediately when reception could not be carried out properly once or may be an enquiry from the shutter glasses 200
to the display device 100 made when reception could not be carried out properly several times consecutively. The display
device 100 that has received the enquiry from the shutter glasses 200 transmits the information on the parameters and
the opening/closing timing by radio to the shutter glasses 200.
[0120] Note that in a case where it is not possible to receive the information on the parameters and the opening/closing
timing from the display device 100 even after an enquiry has been made to the display device 100, the shutter glasses
200 judge that synchronization has been lost, a synchronization request for the clock frequencies is transmitted by radio
once again from the shutter glasses 200 to the display device 100, and the series of processes is executed from the
start. Here, if there is no reply from the display device 100 even when a synchronization request for the clock frequencies
has been transmitted by radio once again from the shutter glasses 200 to the display device 100, it is judged that the
power of the display device 100 has been turned off and the shutter glasses 200 are capable by themselves of moving
to a rest state where hardly any power is consumed.
[0121] Also, when a synchronization request from the shutter glasses 200 is received while information on the param-
eters and the opening/closing timing is being transmitted by a broadcast by the display device 100, the value of the
counter 161 used in the synchronization process for the clock frequencies is transmitted by radio by a unicast to the
shutter glasses 200 that transmitted the synchronization request at timing that does not affect other shutter glasses 200.
[0122] In this way, by having a signal transmitted from the shutter glasses 200 with a specified interval just before the
start of reception and the display device 100 that has received such signal from the shutter glasses 200 give notification
of the information on the parameters and the opening/closing timing at the timing of such reception without regular
notification being given of the information on the parameters and the opening/closing timing from the display device 100,
although the time required for transmission by the shutter glasses 200 and the time required for responding by the display
device 100 increase, it is possible to realize the same operation as the operation described above without requiring strict
timing management. However, in consideration to a case where a plurality of pairs of shutter glasses 200 are simulta-
neously used for a single display device 100, since it is necessary for all of the shutter glasses 200 to generate radio
waves with a specified interval (for example, 500 milliseconds) and for the display device 100 to respond to all of such
radio waves, loss of proper operation can be imagined due not only to mixing of the radio waves but also to conflicts
between the transmissions of different shutter glasses 200, delays due to conflict avoidance, and the like. Also, although
there is also a method where information on the parameters and the opening/closing timing is continuously transmitted
all of the time instead of the display device 100 responding in accordance with the timing at which signals are received
from the shutter glasses 200, such method would further increase the amount of radio waves and adversely affect other
radio communication that uses the same frequency band.
[0123] Accordingly, as in the present embodiment, by synchronizing the clock frequencies between the display device
100 and the shutter glasses 200 and matching the counters of the display device 100 and the shutter glasses 200 in
advance and then cyclically transmitting information on the parameters and the opening/closing timing from the display
device 100 and executing the reception operation of the shutter glasses 200 in accordance with the transmission timing,
there is no increase in the amount of radio waves, no conflict between different shutter glasses 200, and also no effect
on other radio communication that uses the same frequency band.
[0124] This completes the description of the series of operations carried out by the display device 100 and the shutter
glasses 200.
[0125] Here, the opening/closing timing of the liquid crystal shutters of the shutter glasses 200 is compared for a case
where notification is given using infrared light and a case where notification is given using radio. Shutter glasses are
already known where infrared light is provided to the shutter glasses from a display device to send the opening/closing
timing of the liquid crystal shutters. However, even if light of a light emitting diode used in an infrared light remote controller
is turned on or off to send codes, sensitivity cannot be obtained by a photodiode that can be acquired at low cost and
use over a practical distance between a display device and the glasses is not possible.
[0126]  For example, although a remote controller that uses infrared light has a reached distance of around 10m,
instead of simply turning light on and off, a signal is placed on a carrier of around 40kHz by changing the intensity of the
light and then the light on the carrier is turned on and off. The reception side is equipped with a circuit that resonates at
the frequency of the carrier and by doing so, sensitivity is greatly improved and the reached distance mentioned above
is achieved.



EP 2 391 144 A1

17

5

10

15

20

25

30

35

40

45

50

55

[0127] However, shutter glasses that use infrared light cannot use such method for the reasons below. Although a
transmission speed whereby one code is transmitted every 100 milliseconds is sufficient for the codes of a remote
controller, for shutter glasses where video switches at intervals of 10 milliseconds to around 20 milliseconds, the switching
interval of the video becomes the switching interval of the shutters, and therefore it is necessary to send a code with a
rate of once every 10 milliseconds to around 20 milliseconds. Accordingly, even if codes are placed on a carrier, since
the transmission time is short and resonance cannot be sufficiently caused, as a result it is not possible to achieve an
improvement in sensitivity as with a remote controller.
[0128] Also, when a resonance circuit is used on the reception side, a delay is produced and there is great fluctuation
in the delay amount due to the effect of the Q value of the resonance circuit, so that the correct shutter switching timing
cannot be transferred from the display device. In addition, the power consumption increases when a resonance circuit
is used on the reception side, and for shutter glasses that have a premise of being battery driven, the battery will be
drained in a short time. At present, the only method is for the transmission side of infrared light to increase the intensity
of the light by placing a plurality of infrared LEDs in a row or to use high-cost LEDs with high emission and for the
reception side to use a high-cost photodiode with the highest possible sensitivity.
[0129] Meanwhile, when notification of the switching timing of the liquid crystal shutters of the shutter glasses is given
using radio, it is possible to extend the reached distance further than infrared light while using low power. It is also
possible to send a large amount of information in a short time and to achieve reliable transfer and separation by indicating
the other party. In addition, with radio waves, a certain degree of obstacles have no effect, and two-way communication
can be carried out easily, thereby improving convenience. By sharing hardware with an RF remote controller or the like,
low-cost usage is possible, and there is also the advantage of not interfering with appliances that use infrared light for
communication, such as remote controllers that are already widespread.
[0130] Note that the radio communication system used in the present embodiment is based on IEEE 802.15.4 and a
radio communication system based on IEEE 802.15.4 has the following characteristics compared to other radio com-
munication standards.

(1) It is possible to construct a star network.
(2) In a star network, there is no effective limit on the number of periphery nodes for one center node. Accordingly,
it is possible to eliminate any limit on the number of shutter glasses for one display device.
(3) High-speed execution is possible with the time from the rest state to transmission or the time from reception to
entry into the rest state at around several milliseconds.
(4) It is possible to reduce the power consumption during the rest state to around several tens of PW.
(5) Not only unicast communication where the other party is indicated in turns but broadcast transmission where
the other party is not specified and reception thereof can be performed.
(6) In IEEE 802.15.4, the number of addresses that can specify individual nodes is (216-2) so there is effectively no
upper limit. Other wireless communication systems have a two-digit limit at most.

[0131] The wireless communication system used in the video display system according to the present embodiment
is based on the result of adding a function for synchronizing the clock frequencies of periphery nodes (that is, the shutter
glasses 200) to the clock frequency of the center node (that is, the display device 100) to IEEE 802.15.4.

Effects

[0132] As described above, in the present embodiment, in a video display system where the opening/closing timing
of the liquid crystal shutters of the shutter glasses 200 is transmitted by radio from the display device 100, before
notification of the opening/closing timing is given from the display device 100, the shutter glasses 200 transmit a syn-
chronization request for the clock frequency by radio to the display device 100 in order to synchronize the clock frequencies
between the display device 100 and the shutter glasses 200.
[0133] If the clock frequencies are synchronized between the display device 100 and the shutter glasses 200, the
values of the counters whose count values change at such clock frequencies are matched between the display device
100 and the shutter glasses 200 and after that notification of the opening/closing timing of the liquid crystal shutters and
various parameters is given from the display device 100 with the values of such counters as a standard and the shutter
glasses 200 carry out opening and closing operations of the liquid crystal shutters based on the information received
from the display device 100. By doing so, it is possible for the shutter glasses 200 to carry out free-running opening and
closing operations of the liquid crystal shutters even when individual timing signals or the like are not transmitted from
the display device 100 in accordance with the opening/closing timing of the liquid crystal shutters.
[0134] Also, according to the present embodiment, the display device 100 cyclically notifies the shutter glasses 200
of the opening/closing timing of the liquid crystal shutters and/or the various parameters and the shutter glasses 200
sets the RF communication portion 234 in a reception possible state for only specified periods in accordance with the
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transmission interval of the display device 100 and sets the RF communication portion 234 in a sleep state with hardly
any power consumption at other times. By doing so, it is possible to greatly reduce the power consumption of the shutter
glasses 200 compared to when the RF communication portion 234 is constantly set in the reception possible state.
[0135] Also, in the present embodiment, since two-way radio communication is possible between the display device
100 and the shutter glasses 200, by separately providing the shutters glasses 200 with a means such as a gyroscope
for measuring an angle and/or an angular velocity, it is possible via the shutter glasses 200 to display video on the
display device 100 in accordance with the viewpoint of the user viewing the video displayed on the display device 100.
[0136] In the embodiment described above, although an enquiry into the value of the counter is made from the shutter
glasses 200 to the display device 100 immediately after the clock frequency has been synchronized as shown in step
S103 in FIG. 6 and the display device 100 that has received such enquiry replies to the shutter glasses 200, the present
invention is not limited to this example. For example, at the same timing as transmission of the clock frequency syn-
chronization packet to the shutter glasses 200, the display device 100 may also transmit a packet in which the value of
the counter 132 at the time of transmission of the clock frequency synchronization packet is embedded. If the delay time
produced until the received counter value is written in the counter 232 (generated for example due to the time required
by packet generation and decoding and to transmit and receive a packet and the like) when a packet is received is
constant, by writing the counter value into the counter 232 having considered such delay time, the shutter glasses 200
are capable of matching the counter value used to open and close the liquid crystal shutters between the display device
100 and the shutter glasses 200 without making an enquiry from the shutter glasses 200 as described above.
[0137] Note that when the clock frequencies are synchronized, to transmit the value of the counter 132 when the clock
frequency synchronization packet was transmitted from the display device 100 to the shutter glasses 200, a separate
packet may be used as described above or the value may be combined with the clock frequency synchronization packet
transmitted from the display device 100. By transmitting the value of the counter 132 from the display device 100 combined
with the clock frequency synchronization packet, it is possible to efficiently match the clock frequency and the value of
the counter between the display device 100 and the shutter glasses 200.

2. The Second Embodiment

[0138] Next, a video display system 20 according to a second embodiment of the present invention will be described.
The present embodiment differs to the first embodiment described above in the method used by the shutter glasses to
find the timing of transmission from the display device. That is, although the shutter glasses 200 find the timing of
transmission from the display device 100 by matching the value (subcount value Csub) of the counter 261 of the shutter
glasses 200 to the value (standard count value Cnt) of the counter 161 of the display device 100 in the first embodiment
(FIG. 5) described above, instead of this, in the present embodiment, the shutter glasses 200 find the transmission timing
based on the relationship between the subcount value Csub and the standard count value Cnt. Although the structure
of the video display system 20 is the same as the video display system 10 according to the first embodiment shown in
FIG. 1, the shutter control portion of the display device and the shutter control portion of the shutter glasses differ to the
first embodiment described above. Note that structural parts that are effectively the same as the video display system
10 according to the first embodiment described above have been assigned the same numerals and description thereof
is omitted as appropriate.

Structure

[0139] FIG 10 shows one example structure of a shutter control portion 310 of a display device 300 according to the
video display system 20. FIG. 11 shows one example structure of a shutter control portion 410 of shutter glasses 400
according to the video display system 20.
[0140] The shutter control portion 310 of the display device 300 is equipped with the vertical synchronization latch
circuit 133 and a packet generating portion 365. The vertical synchronization latch circuit 133 is the same as the vertical
synchronization latch circuit I33 shown in FIG. 3 and is a circuit that holds a value of the counter 161 at timing of rises
and falls of the standard synchronization signal Sync supplied from outside the shutter control portion 130. The packet
generating portion 365 generates a packet including information on the standard synchronization signal Sync and infor-
mation for other control in addition to information on the count value (transmission-side count value Ctr) latched by the
count value latch circuit 162. As described later, in the video display system 20, the display device 300 regularly transmits
a packet (the regular packet P). The regular packet P is described in detail below.
[0141] FIG. 12 shows an example structure of the regular packet P transmitted by the display device 300. The regular
packet P includes synchronization information A and control information B. The synchronization information A is infor-
mation required for synchronization between the display device 300 and the shutter glasses 400, and is made up of real
time synchronization information A1 and standard synchronization information A2.
[0142] FIGS. 13A to 13C show an example structure of the synchronization information A, with FIG. 13A showing the
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relationship between the synchronization information A and the real time synchronization information A1 and standard
synchronization information A2, FIG. 13B showing various parameters of the synchronization information A, and FIG.
13C showing a waveform useful in explaining a number of such parameters. As shown in FIG. 13A, in this example, the
real time synchronization information A1 is composed of two count values RC, RP, and the standard synchronization
information A2 is composed of a total of six parameters made up of count values Srise, Sfall, a pulse number Snum,
and flags Sf1, Sf2, and Sf3.
[0143] The count value RC is the standard count value Cnt when the regular packet P is transmitted and is the count
value (transmission-side count value Ctr) latched by the count value latch circuit 162. Such RC functions as the trans-
mission time at the display device 300 when the display device 300 transmits the regular packet P. The count value RP
is the transmission timing interval of the regular packet P and is a value based on the standard count value Cnt. In other
words, RP is a count value according to the standard clock Clk of the transmission timing interval of the regular packet P.
[0144] The count value Srise is the standard count value Cnt at a rise in the standard synchronization signal Sync
and the count value Sfall is the standard count value Cnt at a fall in the standard synchronization signal Sync. The pulse
number Snum is a pulse number of the standard synchronization signal Sync and is incremented by one every time the
standard synchronization signal Sync becomes the high level. FIG. 13C shows such count values Srise, Sfall, Snum
together with waveforms of the standard synchronization signal Sync and the standard clock Clk.
[0145] The flag Sf1 is a disruption flag for the standard synchronization signal Sync. More specifically, Sf1 becomes
active when the interval T of the standard synchronization signal Sync is out by at least �100 microseconds for example
compared to the average value of the cycle T thusfar. As one example, the flag Sf1 may be set at active for a plurality
(for example, 3) consecutive regular packets P after disruption of the standard synchronization signal Sync has occurred.
In such case, even if reception of the first regular packet P has failed for example, by receiving a following regular packet
P, the shutter glasses 400 can reliably know that there has been a disruption in the standard synchronization signal
Sync. The flag Sf2 is a flag that becomes active when there is no standard synchronization signal Sync. The flag Sf3 is
a flag showing a before/after relationship of the count values Srise, Sfall. More specifically, when for example the count
value Sfall is larger than the count value Srise, the flag Sf3 becomes "1" and when the count value Sfall is smaller than
the count value Srise, the flag Sf3 becomes "0".
[0146] PIG. 14 shows an example structure of the control information B. In this example, the control information B
sets an operation mode, right eye image transmission portion control, left eye image transmission portion control, and
shutter glasses power control.
[0147] As examples, it is possible to set the operation mode so that when the value is "11", a mode is entered where
the operation of the shutter glasses 400 is automatically switched to 3D operation or 2D operation according to the
presence or absence of the standard synchronization signal Sync, when the value is "01", a mode is entered where a
plurality of users separately view 2D video, and when the value is "00", a mode is entered where the shutter glasses
are set in a standby state and 2D video is viewed.
[0148] As examples, it is possible to set the right eye image transmission portion control and the left eye image
transmission portion control so that when the value is ‘° 11 ", a mode is entered where opening/closing operations are
carried out in accordance with the standard synchronization signal Sync, when the value is "10", a mode is entered
where the transmission state (open state) is fixed, and when the value is "01", a mode is entered where a non-transmission
state (closed state) is processed.
[0149] As examples, it is possible to set the shutter glasses power control so that when the value is "11 ", the power
of the shutter glasses 400 is set in an ON state, when the value is "10", a standby state is set, and when the value is
"00" the power is set in an OFF state.
[0150] In the shutter control portion 310 of the display device 300, the packet generating portion 365 generates the
regular packet P with the structure described above and the RF communication portion 134 regularly transmits such
regular packet P by broadcasting.
[0151] The shutter control portion 410 of the shutter glasses 400 includes reception-side count value holding portions
464a, 464b, transmission-side count value holding portions 465a, 465b, difference acquiring portions 466a, 466b, a
count value difference amount calculating portion 421, a clock interval correction amount calculating portion 422, a
standard synchronization information acquiring portion 411, standard synchronization information holding portions 412a,
412b, a transmission timing calculating portion 431, a shutter timing calculating portion 432, count value converting
portions 441, 442, a power control portion 443, and a shutter opening/closing control portion 444.
[0152] The reception-side count value holding portions 464a, 464b hold the value of the counter 261 (the reception-
side count value Crec) latched by the reception-side count value latch circuit 262 once every specified number of
iterations. The reception-side count value Crec functions as the reception time of the regular packet P at the shutter
glasses 400. The reception-side count value holding portion 464a reads and stores the reception-side count value Crec
supplied from the reception-side count value latch circuit 262 at a rate of once every specified number of iterations.
When doing so, at the same time as the reception-side count value holding portion 464a holds new information; the
information that was held in the reception-side count value holding portion 464a is transferred to the reception-side count
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value holding portion 464b and is held in the reception-side count value holding portion 464b. That is, the reception-side
count value latch circuit 262 and the reception-side count value holding portions 464a, 464b have a function that holds
a maximum of three reception times of the regular packet P.
[0153] The transmission-side count value holding portions 465a, 465b store the count value (transmission-side count
value Ctr) latched by the count value latch circuit 162 of the display device 300 that has been acquired by the count
value acquiring portion 263 once every specified number of iterations. The transmission-side count value Ctr functions
as the transmission time of the regular packet P at the display device 300. The transmission-side count value holding
portion 465a reads and holds the transmission-side count value Ctr supplied from the count value acquiring portion 263
at a rate of once every specified number of iterations. When doing so, at the same time as the transmission-side count
value holding portion 465a holds new information, the information that was held in the transmission-side count value
holding portion 465a is transferred to the transmission-side count value holding portion 465b and is held in the trans-
mission-side count value holding portion 465b. That is, the count value acquiring portion 263 and the transmission-side
count value holding portions 465a, 465b have a function that holds a maximum of three transmission times of the regular
packet P.
[0154] The difference acquiring portion 466a finds a difference between two values out of the count values held by
the reception-side count value latch circuit 262 and the reception-side count value holding portions 464a, 464b based
on such values. As such two values, normally the count values held by the reception-side count value latch circuit 262
and the reception-side count value holding portion 464b are selected, but as described later, in cases where a count
value is not held by the reception-side count value holding portion 464b due to the shutter glasses 400 not having
received the regular packet P three times, such as immediately after startup of the shutter glasses 400, the count values
held by the reception-side count value latch circuit 262 and the reception-side count value holding portion 464a are
selected.
[0155] The difference acquiring portion 466b finds a difference between two values out of the count values held by
the count value acquiring portion 263 and the transmission-side count value holding portions 465a, 465b based on such
values. As such two values, in the same way as the difference acquiring portion 466a described above, normally the
count values held by the count value acquiring portion 263 and the transmission-side count value holding portion 465b
are selected, but in cases where a count value is not held by the transmission-side count value holding portion 465b,
the count values held by the count value acquiring portion 263 and the transmission-side count value holding portion
465a are selected.
[0156] The count value difference amount calculating portion 421 finds the difference between the standard count
value Cnt of the display device 300 and the subcount value Csub of the shutter glasses 400 based on the transmission-
side count value Ctr and the reception-side count value Crec and outputs as the difference amount D. More specifically,
the count value difference amount calculating portion 421 carries out calculation based on the count values latched in
the reception-side count value latch circuit 262 and the count value acquiring portion 263.
[0157] The clock interval correction amount calculating portion 422 finds the ratio of the intervals of the standard clock
Clk of the display device 300 and the subclock SubClk of the shutter glasses 400 and outputs as the clock interval
correction amount R. More specifically, the clock interval correction amount calculating portion 422 carries out calculation
based on information supplied from the difference acquiring portions 466a, 466b.
[0158] The standard synchronization information acquiring portion 411 acquires the standard synchronization infor-
mation A2 (FIG. 13A) included in the regular packet P received by the RF communication portion 234. The standard
synchronization information holding portions 412a, 412b hold the standard synchronization information A2 acquired by
the standard synchronization information acquiring portion 411 once every specified number of iterations. The standard
synchronization information holding portion 412a reads and holds the standard synchronization information A2 supplied
from the standard synchronization information acquiring portion 411 at a rate of once every specified number of iterations.
When doing so, at the same time as the standard synchronization information holding portion 412a holds new information,
the information that was held in the standard synchronization information holding portion 412a is transferred to the
standard synchronization information holding portion 412b and is held in the standard synchronization information holding
portion 412b. That is, the standard synchronization information acquiring portion 411 has a function that holds a maximum
of three standard synchronization information A2.
[0159] A packet transmission interval acquiring portion 413 acquires the transmission timing interval RP (FIG. 13A,
13B) of the regular packet P included in the regular packet P received by the RF communication portion 234.
[0160] Note that although in this example, the required information is separately acquired from the regular packet P
received by the RF communication portion 234 using the count value acquiring portion 263, the standard synchronization
information acquiring portion 411, and the packet transmission interval acquiring portion 413 and such information is
separately stored, instead of being limited to this, as one example it is possible instead to store the regular packet P
itself three times for example and to acquire the required information therefrom.
[0161] The transmission timing calculating portion 431 finds the timing at which the display device 300 will transmit
the next regular packet P based on the transmission-side count value Ctr and the transmission timing interval RP of the
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regular packet P, with the standard count value Cnt as a standard. That is, the next transmission timing of the regular
packet P found by calculation is defined by the time of the display device 300 (the transmission side). More specifically,
the transmission timing calculating portion 431 carries out calculation based on information from the count value acquiring
portion 263 and the packet transmission interval acquiring portion 413 and supplies the next transmission timing of the
regular packet P found by calculation together with the transmission timing interval RP of the regular packet P to the
count value converting portion 441.
[0162] The count value converting portion 441 converts the standard of the time of the next transmission timing of the
regular packet P and of the transmission timing interval RP of the regular packet P supplied from the transmission timing
calculating portion 431 from the standard count value Cnt to the subcount value Csub. The next transmission timing of
the regular packet P and the transmission timing interval RP of the regular packet P found by such calculation are defined
by the time of the shutter glasses 400 (the reception side). More specifically, the count value converting portion 441
carries out the conversion calculation based on the difference amount D supplied from the count value difference amount
calculating portion 421 and the clock interval correction amount R supplied from the clock interval correction amount
calculating portion 422 and holds the next transmission timing of the regular packet P and the transmission timing interval
RP of the regular packet P found by such calculation in a transmission timing register Rtr, described later.
[0163] The shutter timing calculating portion 432 finds the next opening/closing timing of the right eye image trans-
mission portion 212 and the left eye image transmission portion 214 of the shutter glasses 400 based on the standard
synchronization information A2 with the standard count value Cnt as a standard. That is, the next opening/closing timing
found by such calculation is defined by the time of the display device 300 (the transmission side). The shutter timing
calculating portion 432 also finds the next opening/closing timing of the shutters and also the shutter opening/closing
interval. More specifically, the shutter timing calculating portion 432 carries out calculation based on two values out of
the count values held in the standard synchronization information acquiring portion 411 and the standard synchronization
information holding portions 412a, 412b. As such two values, in this example, the count values stored in the standard
synchronization information acquiring portion 411 and the standard synchronization information holding portion 412b
are selected, but this is not a limitation and the count values held in the standard synchronization information acquiring
portion 411 and the standard synchronization information holding portion 412a may be selected, for example. The shutter
timing calculating portion 432 supplies the next opening/closing timing of the shutters and the shutter opening/closing
interval found by such calculation to the count value converting portion 442.
[0164]  The count value converting portion 442 converts the standard of the time of the next shutter opening/closing
timing and of the shutter opening/closing interval supplied from the shutter timing calculating portion 432 from the standard
count value Cnt to the subcount value Csub. The next shutter opening/closing timing and the shutter opening/closing
interval found by such calculation are defined by the time of the shutter glasses 400 (the reception side). More specifically,
the count value converting portion 442 carries out a conversion calculation based on the difference amount D supplied
from the count value difference amount calculating portion 421 and the clock interval correction amount R supplied from
the clock interval correction amount calculating portion 422 and holds the next shutter opening/closing timing and the
shutter opening/closing interval found by such calculation in a shutter timing register Rsh, described later.
[0165] FIG. 15 shows one example structure of the registers of the shutter glasses 400. The shutter glasses 400 are
equipped with the transmission timing register Rtr, the shutter timing register Rsh, and an interrupt register Ri. The
values of such registers all have the subcount value Csub as a standard and are defined by the time of the shutter
glasses 400 (the reception side).
[0166] The transmission timing register Rtr stores the next transmission timing of the regular packet P and the trans-
mission timing interval that were found by the count value converting portion 441.
[0167] The shutter timing register Rsh stores the next shutter opening/closing timing and the shutter opening/closing
interval that were found by the count value converting portion 442. The next shutter opening/closing timing is more
specifically composed of a total of four timings made up of the next opening operation timing of the left eye image
transmission portion, the next closing operation timing of the left eye image transmission portion, the next opening
operation timing of the right eye image transmission portion, and the next closing operation timing of the right eye image
transmission portion.
[0168] The interrupt register Ri has a function that stores timing information whose timing will arrive first out of the five
next timing information described above, that is, the next transmission timing of the regular packet P, the next opening
operation timing of the left eye image transmission portion, the next closing operation timing of the left eye image
transmission portion, the next opening operation timing of the right eye image transmission portion, and the next closing
operation timing of the right eye image transmission portion. More specifically, out of the five next timing information,
the timing information whose timing will arrive first is stored in the interrupt register Ri as the interrupt timing. At the same
time, the type of timing information held as the interrupt timing, that is, shutter timing or transmission timing, and additionally
for the case of shutter timing, information identifying the right eye image transmission portion or the left eye image
transmission portion and an opening operation or a closing operation, is stored in the interrupt register Ri as the interrupt
type.
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[0169] The power control portion 443 carries out power control of the shutter glasses 400 based on the information
in the interrupt register Ri and the subcount value Csub supplied from the counter 261. More specifically, control is
carried out to set the power of the shutter glasses 400 in an on state in accordance with the interrupt timing (FIG. 15)
of the interrupt register Ri and after reception of the regular packet P, opening/closing control of the shutters, or the like
has been carried out, the shutter glasses 400 are set in a sleep state where hardly any power is consumed. That is, the
power control portion 443 has a function that sets reception timeslots for when the regular packet P is received. According
to this structure, it is possible to suppress the power consumed by the shutter glasses 400 to a minimum.
[0170] Note that the frequency of interrupts relating to opening/closing control of the shutters is comparatively high
compared to the frequency relating to reception of the regular packet P and as one example in some cases is 100 times
or more higher. For this reason, by newly providing a microcomputer or the like with lower power consumption that is
dedicated to carrying out processing relating to opening/closing control of shutters in the shutter control portion 410 and
causing the microcomputer to carry out such processing, it is possible to greatly reduce the number of interrupts of the
shutter control portion 410 and possible to further reduce the power consumption of the shutter glasses 400 as a whole.
[0171] The shutter opening/closing control portion 444 generates the right eye control signal CTRLR and the left eye
control signal CTRLL for controlling the right eye image transmission portion 212 and the left eye image transmission
portion 214 of the shutter glasses 400 based on the information of the interrupt register Ri and the subcount value Csub
supplied from the counter 261. The shutter opening/closing control portion 443 corresponds to the comparison portion
235 and the shutter opening/closing control portion 236 shown in FIG. 3.
[0172] By constructing the shutter control portions 310, 410 in this way, even if the display device 300 does not indicate
an opening/closing operation whenever the shutter glasses 400 perform such a shutter opening/closing operation, the
shutter glasses 400 can control opening and closing of the right eye image transmission portion 212 and/or the left eye
image transmission portion 214 by calculating the next opening/closing timing. That is, the display device 400 is capable
of carrying out radio transmission of opening/closing instructions to the shutter glasses 300 with a longer interval than
the shutter opening/closing interval.
[0173] Here, the display device 300 corresponds to a specific example of a "video display device" for the present
invention. The RF communication portion 234, the reception-side count value latch circuit 262, the reception-side count
value holding portions 464a, 464b, the count value acquiring portion 263, and the transmission-side count value holding
portions 465a, 465b correspond to specific examples of a "reception portion" for the present invention. The power control
portion 443 corresponds to a specific example of a "control portion" for the present invention. The shutter timing calculating
portion 432 corresponds to a specific example of an "opening/closing timing calculation portion" for the present invention.

Operation and Effects

[0174] Next, the operation and effects of the video display system 20 according to the present embodiment will be
described.

Overall Operation Summary

[0175] In the shutter control portion 310 of the display device 300, first the oscillation circuit 131 generates the standard
clock Clk. The counter 161 generates the standard count value Cnt based on the standard clock Clk. The timing generation
interval control portion 163 generates the transmission timing of the regular packet P. The transmission timing generating
portion 164 notifies the count value latch circuit 162 and the packet generating portion 365 of the transmission timing of
the regular packet P. The count value latch circuit 162 latches the standard count value Cnt at the transmission timing
of the regular packet P and generates the transmission-side count value Ctr. The vertical synchronization latch circuit
133 latches the standard count value Cnt at timing of rises and falls in the supplied standard synchronization signal
Sync. The packet generating portion 365 generates the regular packet P based on the information supplied from the
count value latch circuit 162 and the vertical synchronization latch circuit 133. The RF communication portion 134
transmits the regular packet P by broadcasting.
[0176] In the shutter control portion 410 of the shutter glasses 400, first the oscillation circuit 231 generates the subclock
SubClk. The counter 261 generates the subcount value Csub based on the subclock SubClk. The RF communication
portion 234 receives the regular packet P transmitted from the display device 300. The reception-side count value latch
circuit 262 latches the subcount value Csub at the timing when the RF communication portion 234 received the regular
packet P and generates the reception-side count value Crec. The reception-side count value holding portions 464a,
464b hold the reception-side count value Crec. The count value acquiring portion 263 acquires the transmission-side
count value Ctr included in the regular packet P received by the RF communication portion 234. The transmission-side
count value holding portions 465a, 465b hold the transmission-side count value Ctr. The standard synchronization
information acquiring portion 411 acquires the standard synchronization information A2 included in the regular packet
P received by the RF communication portion 234. The standard synchronization information holding portions 412a, 412b
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hold the standard synchronization information A2. The packet transmission interval acquiring portion 413 acquires the
transmission timing interval RP of the regular packet P included in the regular packet P received by the RF communication
portion 234. The difference acquiring portion 466a selects two reception-side count values Crec from the reception-side
count value latch circuit 262 and the reception-side count value holding portions 464a, 464b, and finds the difference
therebetween. The difference acquiring portion 466b selects two transmission-side count values Ctr from the count value
acquiring portion 263 and the transmission-side count value holding portions 465a, 465b, and finds the difference
therebetween. The count value difference amount calculating portion 421 finds the difference amount D. The clock
interval correction amount calculating portion 422 finds the clock interval correction amount R. The transmission timing
calculating portion 431 finds the next transmission timing of the regular packet P with the standard count value Cnt as
a standard and the count value converting portion 441 converts such timing to a value with the subcount value Csub as
a standard. The shutter timing calculating portion 432 finds the next shutter opening/closing timing with the standard
count value Cnt as a standard and the count value converting portion 442 converts such timing to a value with the
subcount value Csub as a standard. The power control portion 443 sets the power of the shutter glasses 400 in an on
state in accordance with the next transmission timing of the regular packet P and the next shutter opening/closing timing
and in a sleep state at other times. The shutter opening/closing control portion 444 controls the right eye image trans-
mission portion 212 and the left eye image transmission portion 214.
[0177] Next, the overall operation of the video display system 20 will be described with reference to a number of
sequence charts.
[0178] FIG. 16 shows one example of a communication operation in the video display system 20 by way of a sequence
chart. The display device 300 transmits the regular packet P by broadcasting at fixed intervals (for example, 500msec).
The power of the shutter glasses 400 is set in an on state at given timing and first starts to operate as continuous
reception mode. In this example, after two regular packets have been received, the shutter glasses 400 then find the
transmission timing of the next regular packet P from the display device 300 and move from continuous reception mode
to intermittent reception mode. In intermittent reception mode, the shutter glasses 40 set reception timing slots so as to
match the transmission timing of the regular packet P and set the power in the on state, receive the regular packet P
and also carry out processing such as calculation of the next transmission timing, and when such processing ends,
operate so as to set a sleep state where hardly any power is consumed. In this intermittent reception mode, the time of
the reception time slot is around 5msec for example. Note that although the power is set in the on state only at the timing
where the regular packets P are received in FIG. 16 for ease of explanation, the shutter glasses 400 operate so that the
power is set in the on state also at the shutter opening/closing timing.
[0179] In this way, in the video display system 20, after first receiving two regular packets in continuous reception
mode, the shutter glasses 400 move to intermittent reception mode. In intermittent reception mode, the shutter glasses
400 set the power in the on state to enter a reception possible state in accordance with the timing at which the regular
packet P is received and the shutter opening/closing timing, and enter a sleep state at other times. By doing so, it is
possible to reduce the time during which the power is in the on state and to realize low power consumption for the shutter
glasses 400.
[0180] Also, in the video display system 20, the display device 300 transmits the regular packet P by broadcasting.
Therefore, as one example, in a case where a plurality of pairs of shutter glasses 400 are used, such as when 3D video
is displayed in a cinema, the respective shutter glasses 400 operate based on the regular packets P transmitted by
broadcasting from the display device 300. That is, in the video display system 20, like the video display system 10
according to the first embodiment described above, it is unnecessary to carry out transmission and reception separately
between the display device 300 and each pair of shutter glasses 400. By doing so, transmission and reception in the
video display system 20 become simple and by reducing the interference between radio waves, it becomes possible to
use many pairs of shutter glasses 400 at the same time.
[0181] FIG. 17 shows another example of a communication operation in the video display system 20 in a case where
the transmission timing is out. When the shutter glasses 400 are operating in intermittent reception mode, if the trans-
mission timing of the regular packet P transmitted from the display device 300 is out, there is the risk that the shutter
glasses 400 will not be able to receive the regular packet P (W1). When it has not been possible to receive the regular
packet P a specified number of times, the shutter glasses 400 move from intermittent reception mode to continuous
reception mode. By doing so, the shutter glasses 400 become able to receive the regular packet P. When two regular
packets P have then been received in continuous reception mode, the shutter glasses 400 move once again from
continuous reception mode to intermittent reception mode in the same way as in FIG. 16. By doing so, the shutter glasses
400 are able to recover the communication with the display device 300.
[0182] Note that in this example, although the case where the transmission timing is out is shown, it is exactly the
same when instead of this, the reception timing is out, for example. For example, in the shutter glasses 400, when the
calculation that finds the next transmission timing was not carried out properly, the shutter glasses 400 will set the
reception timeslots and put the power in the on state at different timing to the original transmission timing of the regular
packet P. At this time, as shown in FIG. 17, there is the risk that the shutter glasses 400 will not be able to receive the
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regular packet P. In this case also, the shutter glasses 400 change from intermittent reception mode to continuous
reception mode and by moving to intermittent reception mode once again after communication with the display device
300 has been established, it is possible to recover the communication with the display device 300.
[0183] In this way, in the video display system 20, the shutter glasses 400 have a recovery sequence composed as
described above and are capable, when communication with the display device 300 has become no longer possible for
whatever circumstance, to recover such communication.
[0184] FIG. 18 shows another example of a communication operation in the video display system 20 and shows a
case where transmission of the regular packet P from the display device 300 has stopped. If the transmission of the
regular packet P from the display device 300 stops when the shutter glasses 400 are operating in intermittent reception
mode, the shutter glasses 400 will become unable to receive the regular packet P. In the same way as in FIG. 17, if the
regular packet P could not be received a specified number of times, the shutter glasses 400 move from intermittent
reception mode to continuous reception mode. Here, since the display device 300 is not transmitting the regular packet
P, the shutter glasses 400 will not be able to receive the regular packet P even if there is a move to continuous reception
mode. In this way, when it has not been possible to receive the regular packet P even in continuous reception mode,
the shutter glasses 400 judge that the regular packet P is not present and set their own power in the off state.
[0185] In this way, in the video display system 20, the shutter glasses 400 have the recovery sequence composed as
described above and are capable, when the display device 300 has stopped the transmission of the regular packet P
for whatever circumstance, of detecting by themselves that the regular packet P is not present and setting the power in
the off state, thereby making it possible to reduce unnecessary power consumption.
[0186]  Next, the detailed operation of the shutter glasses 400 will be described in detail with reference to several
flowcharts.

Operation After Startup of Shutter Glasses 400

[0187] FIG. 19 shows a flowchart of an example operation after startup of the shutter glasses 400. In this flow, when
the power enters the on state, the shutter glasses 400 start operation in continuous reception mode and receive regular
packets P from the display device 300. When at least two regular packets P have been received, after the processing
that accompanies the reception of the regular packet P has been carried out, there is a move to intermittent reception
mode where sleep mode is entered and intermittent operation is carried out every time a timer interrupt process is carried
out. Each step in the flow is described in detail below.
[0188] First, when the power is turned on, the shutter glasses 400 carry out a specified initialization operation (step
S1) and after that start continuous reception (step S2). By doing so, the shutter glasses 400 start to operate in continuous
reception mode and become able to receive the regular packet P transmitted from the display device 300.
[0189] Next, the shutter glasses 400 judge whether the regular packet P has been received (step S3). More specifically,
the RF communication portion 234 judges whether the regular packet P has been received. If the regular packet P has
been received, there is a jump to step S6. When the regular packet P has not been received, the shutter glasses 400
judge whether there has been a time out by comparing with a specified time (step S4). When there has not been a time
out, there is a return to step S3 and it is judged whether the regular packet P has been received. When there has been
a time out, the shutter glasses 400 judge that the regular packet P is not present and the power of the shutter glasses
400 is set in the off state (step S5).
[0190] In step S3, when the regular packet P has been received, the shutter glasses 400 store such regular packet
P (step S6). More specifically, first, when the RF communication portion 234 receives the regular packet P, at such
reception timing the reception-side count value latch circuit 262 latches the subcount value Csub and outputs as the
reception-side count value Crec. The reception-side count value holding portion 464a reads and holds (stores) the
reception-side count value Crec once every time the regular packet P has been received a specified number of times.
When doing so, the value that was stored in the reception-side count value holding portion 464a is transferred to the
reception-side count value holding portion 464b. Next, the count value acquiring portion 263 acquires the RC (transmis-
sion-side count value Ctr) of the real time synchronization information A1 from the regular packet P received by the RF
communication portion 234 and the transmission-side count value holding portion 465a holds (stores) the acquired value
once every time the regular packet P has been received a specified number of times. When doing so, the value that
was held in the transmission-side count value holding portion 465a is transferred to the transmission-side count value
holding portion 465b. Also, the packet transmission interval acquiring portion 413 acquires the RP (the transmission
timing interval of the regular packet P) of the real time synchronization information A1. The standard synchronization
information acquiring portion 411 then acquires the standard synchronization information A2 and the standard synchro-
nization information holding portion 412a holds (stores) the acquired information once every time the regular packet P
has been received a specified number of times. When doing so, the value that was held in the standard synchronization
information holding portion 412a is transferred to the standard synchronization information holding portion 412b.
[0191] Next, the shutter glasses 400 judge whether at least two valid regular packets P are stored (step S7). If at least
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two are stored, there is a jump to step S8, while if at least two are not stored, there is a return to step S3.
[0192] Reception and storage of the regular packet P at the shutter glasses 400 will now be described here.
[0193] FIG. 20 schematically shows the timing of the regular packets P transmitted and received in the video display
system 20, with (A) showing the transmission timing at the display device 300 and (B) showing the reception timing at
the shutter glasses 400. In FIG. 20(B), various present times tn are imagined and the regular packets P received at or
before such present times tn are shown. When the regular packets P transmitted from the display device 300 are received,
the shutter glasses 400 do not store all of the regular packets P that have been received and instead delete regular
packets that have just been received until the time interval from the newest regular packet that has been stored is a
specified interval (in this example, equivalent to five times the transmission interval of the regular packet P), at which
point the regular packet that has been received is stored. When the specified interval has been reached, the oldest
regular packet is deleted and the received regular packet is held. By doing so, out of the three regular packets P that
are stored, aside from immediately after the power has been turned on, the timing difference D1 between the newest
stored packet and the oldest stored packet will be a time that is at least six times the transmission interval of the regular
packet P in this example. This timing difference D1 is calculated by the difference acquiring portions 446a, 446b and is
used to calculate the clock interval correction amount R. The larger the timing difference D1, the greater the precision
of the calculation using the clock interval correction amount R carried out next. In this way, the larger the interval for
storing the regular packets P, the greater the timing difference D1, so that the precision of calculation can be increased.
[0194] Next, the shutter glasses 400 stop the continuous reception (step S8). By doing so, as described later, the
shutter glasses 400 move from continuous reception mode to intermittent reception mode.
[0195] Next, the shutter glasses 400 carry out regular packet reception post-processing S9 (step S9). More specifically,
although described in detail later, a calculation process is carried out based on the information of the received regular
packet P and the results are stored in the transmission timing register Rtr and the shutter timing register Rsh (see FIG. 15).
[0196] Next, the shutter glasses 400 set the next timer interrupt point (step S10). More specifically, the power control
portion 443 stores, out of the five next timing information composed of the next transmission timing stored in the trans-
mission timing register Rtr, the next opening operation timing of the left eye image transmission portion, the next closing
operation timing of the left eye image transmission portion, the next opening operation timing of the right eye image
transmission portion, and the next closing operation timing of the right eye image transmission portion that are stored
in the shutter timing register Rsh, the information with the first timing to arrive in the interrupt register Ri. By doing so,
in the interrupt register Ri, timing information on the first timing to arrive out of the five next timing information is stored
as the interrupt timing and the type of such timing information is stored as the interrupt type.
[0197] Next, the shutter glasses 400 enter a sleep state (step S11). More specifically, the power control portion 443
constantly monitors the subcount value Csub and sets the shutter glasses 400 in the sleep state until the subcount value
Csub becomes the value of the interrupt timing of the interrupt register Ri.
[0198] The shutter glasses 400 then carry out a timer interrupt process when a timer interrupt has occurred (step S12).
More specifically, as described later, when the subcount value Csub matches the value of the interrupt timing of the
interrupt register Ri (time interrupt generation), the power control portion 443 sets the power of the shutter glasses 400
in the on state and carries out processing based on the interrupt timing and the interrupt type of the interrupt register
Ri, and after such processing ends enters the sleep state again. That is, the shutter glasses 400 operate in intermittent
reception mode that carries out intermittent operation every time the timer interrupt process is carried out.
[0199] After this, the shutter glasses 400 repeat step S12.

Regular Packet Reception Post-Processing

[0200] Next, the subroutine of the regular packet reception post-processing (step S9) in the flow of the shutter glasses
400 shown in FIG. 19 will be described.
[0201] FIG. 21 shows a flowchart of the regular packet reception post-processing. In this flow, based on the various
information of the stored regular packet P, the shutter glasses 400 calculate the transmission timing and the shutter
timing based on the standard count value Cnt and then convert those to values based on the subcount value Csub. The
respective steps in the flow are described in detail below.
[0202] First, the shutter glasses 400 set the control information of the newest regular packet P (step S21). More
specifically, when the received regular packet P is stored, the RF communication portion 234 stores the control information
B included in the regular packet P in a control information register, not shown. The shutter glasses 400 start to operate
based on this stored information. The shutter glasses 400 confirm whether the control information indicates a power off
(step S22) and if the information indicates a power off, set their own power in an off state (step S23).
[0203] Next, the shutter glasses 400 calculate the clock interval correction amount R for the standard clock Clk and
the subclock SubClk (step S24). More specifically, first, the difference acquiring portion 466a finds a difference based
on two values out of the count values held in the reception-side count value latch circuit 262 and the reception-side
count value holding portions 464a, 464b. The difference acquiring portion 466b finds a difference based on two values
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out of the count values held in the count value acquiring portion 263 and the transmission-side count value holding
portions 465a, 465b. The clock interval correction amount calculating portion 422 then finds the clock interval correction
amount R using the following equation based on the information supplied from the difference acquiring portions 466a,
466b.

Here, "Rdiff1" is the calculation result of the difference acquiring portion 466a and corresponds to the timing difference
D1 of the reception-side count value Crec. "Rdiff2" is the calculation result of the difference acquiring portion 466b and
corresponds to the timing difference D1 of the transmission-side count value Ctr.
[0204] Next, the shutter glasses 400 calculate the difference amount D between the standard count value Cnt and
the subcount value Csub (step S25). More specifically, the count value difference amount calculating portion 421 finds
the difference amount D using the following equation based on the count values latched in the reception-side count
value latch circuit 262 and the count value acquiring portion 263. 

[0205] Here, "Crec3" is the output value of the reception-side count value latch circuit 262 and is the reception-side
count value Crec for the newest regular packet P. "Ctr3" is the output value of the count value acquiring portion 263 and
is the transmission-side count value Ctr for the newest regular packet P. "Cdiff" shows the time after the standard count
value Cnt has been latched by the count value latch circuit 162 on the display device 300 side until the subcount value
Csub is latched by the reception-side count value latch circuit 262 on the shutter glasses 400 side, with the standard
count value Cnt as a standard. That is, Cdiff expresses the delay time composed of the generation of the regular packet
P by the packet generating portion 365, transmission by the RF communication portion 134, communication between
the RF communication portion 134 and the RF communication portion 234, reception by the RF communication portion
234, and the like.
[0206] Next, the shutter glasses 400 carry out transmission timing calculation based on the standard count value Cnt
(step S26). More specifically, based on the transmission-side count value Ctr and the transmission timing interval RP
of the regular packet P, the transmission timing calculating portion 431 finds the timing at which the display device 300
will transmit the next regular packet P with the standard count value Cnt as a standard. That is, the transmission timing
calculating portion 431 uses the transmission-side count value Ctr of the newest regular packet P held by the count
value acquiring portion 263 and the transmission timing interval RP held by the packet transmission interval acquiring
portion 413 to find the next transmission timing ttr using the following equation. 

[0207] The transmission timing calculating portion 431 then supplies the next transmission timing ttr of the regular
packet P and the transmission timing interval RP of the regular packet P to the count value converting portion 441.
[0208] Next, the shutter glasses 400 calculate the transmission timing and interval based on the subcount Csub (step
S27). More specifically, the count value converting portion 441 uses the difference amount D calculated by the count
value difference amount calculating portion 421 and the clock interval correction amount R supplied from the clock
interval correction amount calculating portion 422 to convert the next transmission timing and the transmission timing
interval supplied from the transmission timing calculating portion 431 to values with the subcount value C as a standard.
[0209] The conversion of the timing tnt based on the standard count value Cnt to the timing tsub based on the subcount
value Csub can normally be carried out according to the following equation. 

[0210] Here, Ctr3 is the same as in Equation 2, and is the transmission-side count value Ctr for the newest regular
packet P. Note that the third term ((tnt-Ctr3)�R) on the right side is a correction term for reducing the calculation error
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and may be omitted depending on the desired calculation precision.
[0211] Also, the conversion of the timing Tnt based on the standard count value Cnt to the timing Tsub based on the
subcount value Csub can be carried out according to the following equation.

[0212] The count value converting portion 441 finds the next transmission timing based on the subcount value Csub
by substituting the next transmission timing ttr supplied from the transmission timing calculating portion 431 into the
timing tnt in Equation 4. The count value converting portion 441 also finds the transmission timing interval based on the
subcount value Csub by substituting the transmission timing interval RP supplied from the transmission timing calculating
portion 431 into Tnt in Equation 5. The count value converting portion 441 then stores such calculation results in the
transmission timing register Rtr.
[0213] Next, the shutter glasses 400 confirm whether the standard synchronization signal disruption flag has been
raised (step S28). More specifically, the standard synchronization information acquiring portion 411 investigates a flag
Sf1 included in the received regular packet P and confirms whether the flag has been raised. If the flag has not been
raised, there is a jump to step S30. If the flag has been raised, since the standard synchronization signal Sync has been
greatly disrupted, the shutter glasses 400 judge that it is not possible to use the regular packets P received in the past
in subsequent timing calculations and delete all information aside from the newest regular packet P (step S29). That is,
the shutter glasses 400 delete all of the information held in the reception-side count value holding portions 464a, 464b,
the transmission-side count value holding portions 465a, 465b, and the standard synchronization information holding
portions 412a, 412b. After this, there is a return to step S2 (FIG. 19) and a start of operation in continuous reception mode.
[0214] Next, the shutter glasses 400 judge whether the operation mode is 3D mode or multiview mode (step S30).
More specifically, the shutter glasses 400 confirm the operation mode based on the control information register (not
shown) mentioned earlier. When the operation mode is 3D mode, there is a jump to step S31 and when the operation
mode is multiview mode, this subroutine ends.
[0215]  Next, the shutter glasses 400 carry out shutter timing calculation based on the standard count value Cnt (step
S31). More specifically, based on the standard synchronization information A2, the shutter timing calculating portion
432 finds the next opening/closing timing of the shutter glasses 400 (the next opening operation timing of the left eye
image transmission portion, the next closing operation timing of the left eye image transmission portion, the next opening
operation timing of the right eye image transmission portion, and the next closing operation timing of the right eye image
transmission portion) with the standard count value Cnt as a standard. Also, the shutter timing calculating portion 432
also finds the shutter opening/closing interval together with this next shutter opening/closing timing. Although the cal-
culation equations are not described in detail here, it is possible to implement such calculation using typical extrapolation
calculations. The shutter timing calculating portion 432 then supplies the next shutter opening/closing timing and the
shutter opening/closing interval to the count value converting portion 442.
[0216] Next, the shutter glasses 400 calculate the shutter timing and the interval based on the subcount value Csub
(step S32). More specifically, the count value converting portion 442 uses the difference amount D supplied from the
count value difference amount calculating portion 421 and the clock interval correction amount R supplied from the clock
interval correction amount calculating portion 422 to convert the shutter timing and the next shutter opening/closing
interval supplied from the transmission timing calculating portion 431 to values with the subcount value Csub as a standard.
[0217] The count value converting portion 442 finds the next opening/closing timing based on the subcount value
Csub by respectively substituting the next opening/closing timing (the next opening operation timing of the left eye image
transmission portion, the next closing operation timing of the left eye image transmission portion, the next opening
operation timing of the right eye image transmission portion, and the next closing operation timing of the right eye image
transmission portion) supplied from the shutter timing calculating portion 432 into the timing tnt of Equation 4. Also, the
count value converting portion 442 finds the shutter opening/closing interval based on the subcount value Csub by
substituting the shutter opening/closing interval supplied from the shutter timing calculating portion 432 into Tnt in
Equation 5. The count value converting portion 442 then stores the calculation results in the shutter timing register Rsh.
[0218] By operating as described above, the subroutine ends.

Timer Interrupt Process

[0219] Next, the subroutine of the timer interrupt process (step S12) in the flow of the shutter glasses 400 shown in
FIG. 19 will be described.
[0220] FIG. 22 shows a flowchart of the timer interrupt process. In this flow, when a timer interrupt has occurred, the
shutter glasses 400 carry out a reception operation if the interrupt relates to reception of the regular packet P and control
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the shutters if the interrupt relates to shutter control, and enters the sleep state again when such processes have ended.
The respective steps in the flow are described in detail below.
[0221] First, when a timer interrupt has occurred, the shutter glasses 400 awake from the sleep (step S41). More
specifically, when the subcount value Csub matches the value of the interrupt timing of the interrupt register Ri, the
power control portion 443 starts the timer interrupt process and wakes the shutter glasses 400 from the sleep.
[0222] Next, the shutter glasses 400 set the next timer interrupt point (step S42). More specifically, the power control
portion 443 selects the timing information out of the five next timing information stored in the transmission timing register
Rtr and the shutter timing register Rsh, that is, the next transmission timing of the regular packet P, the next opening
operation timing of the left eye image transmission portion, the next closing operation timing of the left eye image
transmission portion, the next opening operation timing of the right eye image transmission portion, and the next closing
operation timing of the right eye image transmission portion, whose timing is first to arrive and stores such timing in the
interrupt register Ri. When doing so, regarding the interrupt type of the interrupt register Ri, the information before such
updating is temporarily held in another register for step S43, described later. The power control portion 443 then updates
the selected timing information and stores in the transmission timing register Rtr or the shutter timing register Rsh. More
specifically, as one example, if the next transmission timing has been selected, the value of the transmission timing
interval stored in the transmission timing register Rtr is added to the value of such transmission timing and the result is
stored as the next transmission timing in the transmission timing register Rtr. Also, as one example, if the next opening
operation timing of the left eye image transmission portion has been selected, the value of the shutter opening/closing
interval stored in the shutter timing register Rsh is added to the value of such timing and the result is stored as the next
opening operation timing of the left eye image transmission portion in the shutter timing register Rsh.
[0223] Note that when setting the next timer interrupt point, if the timing of the next timing information whose timing
is first to arrive is the same as or is sufficiently close to one out of the other four next timing information, it is preferable
to prioritize opening/closing timing. More specifically, if the transmission timing of the regular packet P arrives next and
as one example, the next opening operation timing of the left eye image transmission portion is substantially the same
as the value of such transmission timing, it is preferable to store the next opening operation timing of the left eye image
transmission portion in the interrupt register Ri. That is, when it is not possible to execute both timer interrupt processes
due to the timings being close, by prioritizing the opening/closing timing, it is possible to reliably implement the opening/
closing operation of the shutters.
[0224] Next, the shutter glasses 400 judge whether the timer interrupt relates to reception of the regular packet P or
relates to shutter control (step S43). More specifically, the shutter glasses 400 make such judgment based on the
information on the interrupt type that was temporarily held in step S42. In the case of regular packet reception, there is
a jump to S44 and in the case of shutter control, there is a jump to step S51.
[0225] In step S43, if the timer interrupt relates to regular packet reception, the shutter glasses 400 start reception
(step S44).
[0226] Next, the shutter glasses 400 determine whether the regular packet P has been received (step S45). More
specifically, the RF communication portion 234 judges whether the regular packet P has been received. If the regular
packet P has been received, there is a jump to step S48. If the regular packet P has not been received, the shutter
glasses 400 judge whether there has been a time out by comparing with a specified time (step S46). If there has not
been a time out, there is a return again to step S45 and it is judged whether the regular packet P has been received. If
there has been a time out, the shutter glasses 400 judge that reception of the regular packet P has failed and the shutter
glasses 400 judge whether the number of reception failures is over a specified number (step S47). If the number of
reception failures is not over the specified number, the shutter glasses 400 stop reception (step S48) and proceed to
step S55. If the number of reception failures is over the specified number, there is a return to step S2 (FIG. 19), and
operation starts in continuous reception mode. These operations correspond to the operations shown in FIG. 17.
[0227] If a regular packet has been received in step S45, the shutter glasses 400 stop the reception (step S50).
[0228] Next, the shutter glasses 400 store the regular packet P (step S51). The operation in this step is the same as
step S6 shown in FIG. 19.
[0229] Next, the shutter glasses 400 carry out the regular packet reception post-processing (step S52). The operation
in this step is the same as step S9 shown in FIG. 19 and the shutter glasses 400 operate as shown in FIG. 21.
[0230] In step S43, when the timer interrupt relates to shutter control, the shutter glasses 400 carry out shutter control
(step S53). More specifically, based on the information of the interrupt register Ri and the subcount value Csub supplied
from the counter 261, the shutter opening/closing control portion 444 generates the right eye control signal CTRLR and
the left eye control signal CTRLL (FIG. 4) for controlling the right eye image transmission portion 212 and the left eye
image transmission portion 214. The right eye image transmission portion 212 and the left eye image transmission
portion 214 carry out opening/closing operations of the shutters based on such signals.
[0231] Next, the shutter glasses 400 enter the sleep state (step S11). The operation in this step is the same as step
S11 shown in FIG. 19.
[0232] By doing so, this subroutine ends.
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Effects

[0233] As described above, in the present embodiment, since the transmission timing of the regular packet P from
the display device 300 is found based on the standard count value Cnt of the display device 300 and the subcount value
Csub of the shutter glasses 400, it is possible for the shutter glasses 400 to set the reception time slots and enter the
reception possible state in accordance with the transmission timing and to enter the sleep state that has hardly any
power consumption at other times, thereby making it possible to greatly reduce the power consumption of the shutter
glasses 400.
[0234] Also, in the present embodiment, since the opening/closing timing of the shutters is found at the shutter glasses
400 based on the standard count value Cnt of the display device 300 and the subcount Csub of the shutter glasses 400,
it is possible for the shutter glasses 400 to carry out free-running opening and closing operations of the liquid crystal
shutters even when individual timing signals or the like are not transmitted from the display device 100 in accordance
with the opening/closing timing of the liquid crystal shutters.
[0235] Also, in the present embodiment, since the display device 300 regularly transmits the regular packet P to the
shutter glasses 400 by broadcasting, there is no need to individually exchange information between the display device
300 and each pair of shutter glasses 400, so that simple transmission and reception can be realized. For example, when
a plurality of pairs of shutter glasses 400 are used in a cinema, it is possible to use many pairs of shutter glasses 400
at the same time.
[0236] Also, in the present embodiment, since the packets are held once every specified number of times when the
shutter glasses 400 hold at least two regular packets P, the calculation precision of the clock interval correction amount
R is improved, and therefore it is possible to improve the calculation precision when calculating the next opening/closing
timing and the next transmission timing of the regular packet P.
[0237] Also, in the present embodiment, since the shutter glasses 400 have a recovery sequence for a case where
the regular packet P could not be properly received, even in a case where communication with the display device 300
could not be carried out for whatever circumstance, it is possible to recover such communication or as necessary to set
the power in the off state to suppress unnecessary power consumption.

Modification

[0238] Although the count value converting portions 441, 442 are provided, the standard of the transmission timing
and the shutter timing is converted from the standard count value Cnt to the subcount value Csub, and the converted
transmission timing and shutter timing are respectively stored in the transmission timing register Rtr and the shutter
timing register Rsh in the embodiments described above, this is not a limitation and as an alternative, as shown in FIG.
23 for example, it is possible to use a structure that does not include the count value converting portions 441, 442. In
the shutter control portion 410 shown in FIG. 23, a transmission timing calculation portion 431B stores the transmission
timing found with the standard count value Cnt as a standard as it is in the transmission timing register Rtr and a shutter
timing calculating portion 432B stores the shutter timing found with the standard count value Cnt as a standard as it is
in the shutter timing register Rsh. When setting the next timer interrupt point, a power control portion 443B selects the
timing information with the next timing to arrive out of the five next timing information, converts the standard of the time
of the selected timing information from the standard count value Cnt to the subcount Csub and stores as the interrupt
timing. That is, the transmission timing register Rtr and the shutter timing register Rsh have the standard count value
Cnt as a standard, but the interrupt register Ri has the subcount value Csub as a standard. IN this case, since the next
timing is calculated from the values that have the standard count value Cnt as a standard, compared to when calculating
with the subcount value Csub as a standard, it is possible to reduce the calculation error in keeping with the proximity
to the original values, which makes it possible to improve the precision of timing operations.

Other Modifications

[0239] Although the display device 300 transmits the real time synchronization information A1, the standard synchro-
nization information A2, and the control information B at the same time as the regular packet P in the embodiments
described above, this is not a limitation and as one example the standard synchronization information A2 and the control
information B may be transmitted as the regular packet P and the real time synchronization information A1 may be
transmitted at longer intervals.
[0240] Although the display device 300 sets a valid value in the real time synchronization information A1 every time
in the embodiments described above, this is not a limitation and as one example a valid value may be set with a frequency
of once every several times. In such case, in the shutter glasses 400, the standard count value Cnt of the regular packet
P is found by simple calculation based on the information on RC, RP included in the regular packet P obtained the
previous time, and by holding such value in the count value acquiring portion 263 and/or the transmission-side count
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value holding portions 465a, 465b as the transmission-side count value Ctr, it is possible to carry out the same operation
as in the embodiments described above.
[0241] Although the present invention has been described above by way of several embodiments and modifications,
the present invention is not limited to such embodiments and the like and a variety of alterations are possible.
[0242] For example, although the left eye control signal CTRLL is generated at the same timing as the standard
synchronization signal Sync in the embodiments and the like described above, this is not a limitation and as shown in
FIG. 24, the signal may be generated at timing that is slightly shifted with respect to the standard synchronization signal
Sync. In FIG. 24, an opening operation offset Oop shows the timing difference between a rise in the standard synchro-
nization signal Sync and a rise in the left eye control signal CTRLL and a closing operation offset Ocl shows the timing
difference between a fall in the standard synchronization signal Sync and a fall in the left eye control signal CTRLL. In
the video display system 10 according to the first embodiment, it is possible to notify the shutter glasses 200 of the
opening operation offset Oop and the closing operation offset Ocl via parameter notification from the display device 100.
Also, in the video display system 20 according to the second embodiment, it is possible to notify the shutter glasses 400
of such information using the control information B of the regular packet P transmitted from the display device 300, for
example.
[0243] Also, as one example, although the standard synchronization signal Sync has the same waveform as the left
eye control signal CTRLL in the embodiments and the like described above, this is not a limitation and as an alternative,
as shown in FIG. 25, only rises in the left eye control signal CTRLL may be indicated, for example. In FIG.25, the opening
operation offset Oop shows the timing difference between a rise in the standard synchronization signal Sync and a rise
in the left eye control signal CTRLL and the open time Top shows the time for which the left eye control signal CTRLL
is at a high level. In the video display system 10 according to the first embodiment, it is possible to notify the shutter
glasses 200 of such opening operation offset Oop and open time Top by parameter notification from the display device
100, for example. Also, in the video display system 20 according to the second embodiment, it is possible to notify the
shutter glasses 400 of such information using the control information B of the regular packet P transmitted from the
display device 300, for example.
[0244] For example, in the embodiments and the like described above, it is possible to coexist with a remote controller
that uses existing radio communication (using IEEE 802.15.4, for example). If the same standard is used for remote
controller communication and communication with the shutter glasses, it is possible to add a stereoscopic display function
to a display device without a large increase in the cost of the display device.
[0245] Also, as one example, although the video display systems display stereoscopic video in the embodiments and
the like described above, as an alternative it is also possible to apply this to a display device that carries out so-called
multiview display where different video is displayed to a plurality of viewers, for example. The operation of a video display
system when carrying out multiview display to two viewers is described below.
[0246] FIGS. 26A and 26B schematically show a multiview display operation, with FIG. 26A showing the operation
when an image A is displayed for a viewer 9A and FIG. 26B showing the operation when an image B is displayed for a
viewer 9B. A display device 1 corresponds to the display device 100 according to the first embodiment and the display
device 300 according to the second embodiment. Shutter glasses 2A, 2B correspond to the shutter glasses 200 according
to the first embodiment and the shutter glasses 400 according to the second embodiment. A control signal CTL is a
signal indicating an opening/closing operation of shutters or the like from the display device 1 to the shutter glasses 2A,
2B, and corresponds to the packet according to the first embodiment and the regular packet P according to the second
embodiment. When the display device 1 is displaying the image A, as shown in FIG. 26A, a right eye image transmission
portion 212A and a left eye image transmission portion 214A of the shutter glasses 2A enter a transmission state (shutter
open state) and a right eye image transmission portion 212B and a left eye image transmission portion 214B of the
shutter glasses 2B enter a blocking state (shutter close state). At this time, the viewer 9A views the image A. Meanwhile,
when the display device 1 is displaying the image B, as shown in FIG. 26B, the right eye image transmission portion
212A and the left eye image transmission portion 214A of the shutter glasses 2A enter the blocking state (shutter close
state) and a right eye image transmission portion 212B and a left eye image transmission portion 214B of the shutter
glasses 2B enter the transmission state (shutter open state). At this time, the viewer 9B views the image B. By alternately
repeating such operations, it is possible for the viewer 9A to watch video composed of the image A and for the viewer
9B to watch video composed of the image B, thereby realizing a multiview system where it is possible for a plurality of
viewers to watch different videos out of a plurality of videos displayed on a single display device.
[0247] Also, for example, although the display device uses a liquid crystal display device in the embodiments and the
like described above, this is not a limitation and as alternative examples, it is also possible to use an EL (Electro-
Luminescence) display, a plasma display, a field emission display (FED), or the like.
[0248] Also, the series of processes described in the above embodiments and the like may be carried out by hardware
or may be carried out by software. In the case of execution by software, as one example, a recording medium on which
a program is stored may be incorporated in the display device or the shutter glasses. Such program may then be read
out and executed in order by a CPU (Central Processing Unit), a DSP (Digital Signal Processor), or another control
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device incorporated in the display device or the shutter glasses.

Reference Signs List

[0249]

10, 20 video display system,
1, 100, 300 display device,
110 image display portion
112 display panel,
113 gate driver,
114 data driver,
115 backlight,
120 video signal control portion
130, 310 shutter control portion (display device side)
131 oscillation circuit (display device side)
132, 161 counter (display device side)
133 vertical synchronization latch circuit
134 RF communication portion (display device side)
140 timing control portion
155 backlight control portion
162 count value latch circuit
163 timing generation interval control portion
164 transmission timing generating portion
165, 365 packet generating portion
200, 400 shutter glasses
210, 410 shutter control portion (shutter glasses side)
212, 212A, 212B right eye image transmission portion
214, 214A, 214B left eye image transmission portion
231 oscillation circuit (shutter glasses side)
232, 261 counter (shutter glasses side)
233 shutter switching value holding portion
234 RF communication portion (shutter glasses side)
235 comparison portion
236 shutter opening/closing control portion
262 reception-side count value latch circuit
263 count value acquiring portion
264a, 264b, 464a, 464b reception-side count value holding portion
265a, 265b, 465a, 465b transmission-side count value holding portion
266a, 266b, 466a, 466b difference acquiring portion
267 clock frequency control portion
411 standard synchronization information acquiring portion
412a, 412b standard synchronization information holding portion
413 packet transmission interval acquiring portion
421 count value difference amount calculating portion
422 clock interval correction amount calculating portion
431 transmission timing calculating portion
432 shutter timing calculating portion
441, 442 count value converting portion
443 power control portion
444 shutter opening/closing control portion
A synchronization information
A1 real time synchronization information
A2 standard synchronization information
B control information
Clk standard clock
Cnt standard count value
Crec reception-side count value
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Csub subcount value
Ctr transmission-side count value
CTRLL left eye control signal
CTRLR right eye control signal
D difference amount
Ocl closing operation offset
Oop opening operation offset
P regular packet
R clock interval correction amount
Ri interrupt register
Rsh shutter timing register
Rtr transmission timing register
SubClk subclock
Sync standard synchronization signal
Top open time

Claims

1. A video display device comprising:

a display portion displaying video according to time division with a specified display interval;
a clock counter; and
a transmission portion transmitting a transmission time count value which is based on a value of the clock
counter and is to be used, by shutter glasses that transmit or block display video of the display portion by
performing opening/closing operations based on control information received in intermittent reception time slots,
to set the reception time slots.

2. The video display device according to claim 1,
wherein the control information includes an opening/closing timing value based on the value of the clock counter
for indicating opening/closing timing of the shutter glasses.

3. The video display device according to claim 2,
wherein the transmission portion transmits the opening/closing timing value together with the transmission time
count value.

4. The video display device according to claim 1,
wherein the transmission portion transmits the transmission time count value to the shutter glasses based on a
request from the shutter glasses.

5. The video display device according to claim 2,
wherein the transmission portion transmits the opening/closing timing value with a longer interval than the display
interval.

6. Shutter glasses comprising:

shutters transmitting or blocking video displayed with a specified display interval on a video display device by
performing opening/closing operations based on control information;
a clock counter;
a reception portion acquiring, as a reception time count value, a value of the clock counter for when a transmission
time count value based on a value of an internal clock counter of the video display device was received from
the video display device; and
a control portion setting intermittent reception time slots in which the reception portion receives the control
information from the video display device, based on the transmission time count value and the reception time
count value.

7. The shutter glasses according to claim 6,
wherein the control information includes a first opening/closing timing value which is based on a value of the internal
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clock counter of the video display device and is used to indicate opening/closing timing of the shutter glasses.

8. The shutter glasses according to claim 7,
wherein the reception portion receives the first opening/closing timing value together with the transmission time
count value from the video display device.

9. The shutter glasses according to claim 8,
further comprising an opening/closing timing calculation portion converting, based on the transmission time count
value and the reception time count value, the first opening/closing timing value received by the reception portion to
a second opening/closing timing value based on the value of the clock counter,
wherein the shutters carry out opening/closing operations based on the second opening/closing timing value.

10. The shutter glasses according to claim 9,
wherein the reception portion is capable of operating in a continuous reception mode where reception is always
possible and operable when the reception portion has received the transmission time count value consecutively a
specified number of times in the continuous reception mode, to move to an intermittent reception mode where a
reception operation is carried out in the intermittent reception time slots.

11. The shutter glasses according to claim 10,
wherein the reception portion is operable when reception was not possible a specified number of times consecutively
in the intermittent reception mode, to move to the continuous reception mode.

12. The shutter glasses according to claim 6,
wherein the control portion is operable after the reception portion has received the transmission time count value
from the video display device at least twice, to find a next transmission timing from the video display device based
on the transmission time count value and the reception time count value and set the reception time slots.

13. The shutter glasses according to claim 12,
wherein the reception portion holds the transmission time count value received once every specified number of
times and the reception time count value corresponding thereto multiple times together with the transmission time
count value received last and the reception time count value corresponding thereto, and
the control portion uses the transmission time count value and the reception time count value corresponding to a
first and last reception out of the plurality of the transmission time count values and the reception time count values
held by the reception portion to find a next transmission timing from the video display device and set the reception
time slots.

14. The shutter glasses according to claim 13,
wherein the number of times the transmission time count value and the reception time count value are held is three.

15. The shutter glasses according to claim 7, further comprising:

a frequency synchronization processing portion carrying out processing, based on the transmission time count
value and the reception time count value, to make a clock frequency of the frequency synchronization processing
portion match a clock frequency of the video display device; and
a counter setting portion matching a value of the clock counter to a value of the internal clock counter of the
video display device.

16. The shutter glasses according to claim 15, further comprising:

a synchronization requesting portion requesting synchronization of clock frequency with the video display device
to the video display device,
wherein the frequency synchronization processing portion carries out processing based on the transmission
time count value transmitted by the video display device based on a request from the synchronization requesting
portion, and the reception time count value corresponding to the transmission time count value.

17. The shutter glasses according to claim 16,
wherein the reception portion operates in continuous reception mode where reception is always possible during a
period where the value of the clock counter does not match the value of the internal clock counter of the video
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display device.

18. The shutter glasses according to claim 15,
wherein the counter setting portion is operable when the reception portion could not receive the first opening/closing
timing value from the video display device consecutively a specified number of times, to request the video display
device to transmit the first opening/closing timing value.

19. The shutter glasses according to claim 18,
wherein the synchronization requesting portion is operable when the first opening/closing timing value could not be
received from the video display device even when the counter setting portion has requested a specified number of
times consecutively, to again request the video display device for synchronization of the clock frequencies.

20. The shutter glasses according to claim 7,
wherein the reception portion receives, from the video display device and together with the first opening/closing
timing value, an open time value which is based on the value of the internal clock counter of the video display device
and indicates an open time of the shutters.

21. The shutter glasses according to claim 7,
wherein the reception portion receives the first opening/closing timing value with a longer interval than the display
interval.

22. The shutter glasses according to claim 6,
wherein the reception portion receives the first opening/closing timing value from the video display device by radio
communication.

23. The shutter glasses according to claim 22,
wherein the radio communication conforms to IEEE 802.15.4 standard.

24. A video display system comprising:

a video display device displaying video; and
shutter glasses,
wherein the video display device includes:

a display portion displaying video according to time division with a specified display interval;
a first clock counter; and
a transmission portion transmitting a transmission time count value which is based on a value of the clock
counter and is to be used, by shutter glasses that transmit or block display video of the display portion by
performing opening/closing operations based on control information received in intermittent reception time
slots, to set the reception time slots,

and the shutter glasses include:

shutters transmitting or blocking video displayed with the specified display interval on the video display
device by performing the opening/closing operations based on the control information;
a second clock counter;
a reception portion acquiring, as a reception time count value, a value of the second clock counter for when
the transmission time count value based on the value of the first clock counter of the video display device
was received from the video display device; and
a control portion setting the intermittent reception time slots in which the reception portion receives the
control information from the video display device, based on the transmission time count value and the
reception time count value.

25. A communication method comprising:

transmitting, by a video display device which displays video, a transmission time count value based on a value
of a clock counter; and
acquiring, by shutter glasses which transmit or block display video of the video display device by performing
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opening/closing operations based on control information received in intermittent reception time slots, a value
of a clock counter of the shutter glasses when the transmission time count value from the video display device
is received as a reception time count value and setting the intermittent reception time slots where the reception
portion receives the control information from the video display device based on the transmission time count
value and the reception time count value.
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