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(57) ABSTRACT

A display apparatus includes a master/slave setting unit con-
figured to execute at least one of setting of a master apparatus
which displays a switching-display synchronization signal
superposed on an image as a target to be displayed and setting
of a slave apparatus which does not display the switching-
display synchronization signal, a synchronization-signal
superposition unit configured to superpose the switching-
display synchronization signal on the image as the target to be
displayed, when setting of the master apparatus is executed
by the master/slave setting unit, and a display unit configured
to display the image on which the switching-display synchro-
nization signal is superposed by the synchronization signal
superposition unit.
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FIG.3A

FIG.3B
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DISPLAY APPARATUS, PROJECTION
APPARATUS, DISPLAY ASSIST APPARATUS,
AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Applications No.
2012-207224, filed Sep. 20, 2012; and No. 2013-125634,
filed Jun. 14, 2013, the entire contents of all of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display apparatus,
aprojection apparatus, display assist apparatus, and a system,
which are particularly suitable for a DLP (registered trade-
mark) projector.

[0004] 2. Description of the Related Art

[0005] For Digital Light Processing (DLP [registered
trademark]) projectors, there is a known technology of pro-
jecting 3D (stereoscopic) images together with a synchroni-
zation pulse to be visually recognized (For example, Japan
Jpn. Pat. Appin. KOKAI Publication No. 2011-070193).
[0006] Now,a caseissupposed that a plurality of projection
apparatuses each of which displays left- and right-eye images
switched alternately are operated in parallel to project the
images onto multiple screens, which are watched through 3D
eyewear.

[0007] In this case, the projection apparatuses are asyn-
chronous with each other, and each of the apparatuses sends
a control signal to control a shutter operation for a left-eye
lens and a right-eye lens of the 3D eyewear.

[0008] Therefore, a 3D image cannot normally be visually
recognized with one 3D eyewear unit.

[0009] Under the circumstances, it is desired to provide a
display apparatus, a projection apparatus, a display assist
apparatus, and a system, which allow associated left- and
right-eye images to be steadily watched even with one view
eyewear (display assist apparatus) when a plurality of display
apparatuses each of which displays left eye images and right
eye images switched alternately are operated in parallel.

BRIEF SUMMARY OF THE INVENTION

[0010] According to one aspect of the present invention,
there is provided a display apparatus having a switching-
display function to switch and display left- and right-eye
images, comprising: a master/slave setting unit configured to
execute at least one of setting of a master apparatus which
displays a switching-display synchronization signal super-
posed on an image as a target to be displayed and setting of a
slave apparatus which does not display the switching-display
synchronization signal; a synchronization-signal superposi-
tion unit configured to superpose the switching-display syn-
chronization signal on the image as the target to be displayed,
when setting of the master apparatus is executed by the mas-
ter/slave setting unit; and a display unit configured to display
the image on which the switching-display synchronization
signal is superposed by the synchronization signal superpo-
sition unit.

[0011] According to another aspect of the present inven-
tion, there is provided a projection apparatus comprising: a
display apparatus having a switching-display function to
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switch and display left- and right-eye images, comprising a
master/slave setting unit configured to execute at least one of
setting of a master apparatus which displays a switching-
display synchronization signal superposed on an image as a
target to be displayed and setting of a slave apparatus which
does not display the switching-display synchronization sig-
nal; a synchronization signal superposition unit configured to
superpose the switching-display synchronization signal onto
the image as the target to be displayed, when setting of the
master apparatus is executed by the master/slave setting unit,
and a display unit configured to display the image on which
the switching-display synchronization signal is superposed
by the synchronization signal superposition unit; and a pro-
jection unit configured to form and emit an optical image
from the image displayed by the display unit.

[0012] According to still another aspect of the present
invention, there is provided a display assist apparatus config-
ured to cooperate with a display apparatus having a switch-
ing-display function to switch and display left- and right-eye
images, comprising: a light sensing unit configured to receive
display light from a target to be displayed; a distinguishing
unit configured to determine whether the display light
received by the light sensing unit includes a switching-dis-
play synchronization signal or not; and a switch control unit
configured to perform a switch shutter operation for images to
be switched and displayed, based on the synchronization
signal, when the switching-display synchronization signal is
determined to be included by the distinguishing unit.

[0013] According to further aspect of the present invention,
there is provided a system comprising: a display apparatus
having a switching-display function to switch and display
left- and right-eye images; and a display assist apparatus
configured to cooperate with the display apparatus, the dis-
play apparatus comprising: a master/slave setting unit con-
figured to execute at least one of setting of a master apparatus
which displays a switching-display synchronization signal
superposed on an image as a target to be displayed and setting
of a slave apparatus which does not display the switching-
display synchronization signal, a synchronization signal
superposition unit configured to superpose the switching-
display synchronization signal on the image as the target to be
displayed, when setting of the master apparatus is executed
by the master/slave setting unit, and a display unit configured
to display the image on which the switching-display synchro-
nization signal is superposed by the synchronization signal
superposition unit, the display assist apparatus comprising: a
light sensing unit configured to receive a display control
signal superposed on the image as the target to be displayed,
a distinguishing unit configured to determine whether the
display control signal received by the light sensing unit is a
switching-display synchronization signal or not, and a switch
control unit configured to perform a switch shutter operation
for images switched and displayed, based on the switching-
display synchronization signal determined by the distin-
guishing unit.

[0014] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.



US 2014/0078271 Al

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0015] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0016] FIG. 1 shows an example of a projection environ-
ment of a projector system according to an embodiment of the
invention;

[0017] FIG. 2 is a perspective view showing an exterior
configuration of 3D liquid-crystal eyewear according to the
embodiment;

[0018] FIG. 3A shows a projection environment in which
overlapped projection is performed in the projector system
according to the embodiment;

[0019] FIG. 3B shows a projection environment in which
parallel projection is performed in the projector system
according to the embodiment;

[0020] FIG. 4 is a block diagram showing a schematic
configuration of functional circuits of the projector apparatus
according to the embodiment;

[0021] FIG. 5 is a block diagram showing a schematic
configuration of functional circuits of 3D liquid-crystal eye-
wear GL according to the embodiment;

[0022] FIG. 6 is a timing chart of light source driving at the
time of 3D image projection according to the embodiment;
[0023] FIG. 7 is a timing chart of another light source
driving at the time of 3D image projection according to the
embodiment;

[0024] FIG. 8 is a timing chart of yet another light source
driving at the time of 3D image projection according to the
embodiment;

[0025] FIG. 9 is a timing chart of yet another light source
driving at the time of 3D image projection according to the
embodiment;

[0026] FIG. 10 is a timing chart of yet another light source
driving at the time of 3D image projection according to the
embodiment; and

[0027] FIG. 11 shows an example configuration of a dis-
play apparatus according to another embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] An embodiment will now be described with refer-
ence to the drawings where the invention is applied to a DLP
(registered trademark) projector apparatus.
[0029] FIG.1 shows an environment of a projection system
which includes a projector apparatus 10M and a projector
apparatus 10S according to the embodiment.
[0030] As shown in the figure, the two projector appara-
tuses 10M and 10S are set stacked on one another. A user US
who D wears 3D liquid-crystal eyewear GL. watches images
which are projected overlapped on one another to a screen SC
from projector apparatuses 10M and 10S, respectively.
[0031] Forexample, settings have been executed by unil-
lustrated manual switches or a remote controller in a
manner that projector apparatus 10M positioned in the
upper side serves as a master and projector apparatus
10S positioned in the lower side serves as a slave.
[0032] FIG. 2 is a perspective view showing an exterior
configuration of the 3D liquid-crystal eyewear GL.
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[0033] The 3D liquid-crystal eyewear GL is a pair of over-
glasses which can be wore over ordinary glasses even when
the user US wears a pair of ordinary glasses. A light sensor
LS1 is provided in the front side of a bridging part in the
center of the eyewear.

[0034] The light sensor L.S1 detects changes in luminous
intensity on the surface ofthe screen SC when the light sensor
LS1 is oriented toward the screen SC.

[0035] The user US can watch a stereoscopic image in a
manner that left and right lenses each made of a phototrans-
missive monochrome liquid-crystal panel are alternately
made photo-obstructive and phototransmissive, synchro-
nized with a synchronization signal which is received by the
light sensor 1.S1 and is superposed on the projected images.

[0036] FIGS. 3A and 3B each show a manner of projecting
images by the projector system 10 according to the embodi-
ment.

[0037] As shown in FIG. 1 previously, FIG. 3A shows a
manner of projection that two projector apparatuses 10M and
10S are set stacked on one another and images projected from
both projector apparatuses 10M and 10S overlap each other
on the screen SC.

[0038] Though not shown in the figures, pitching angles of
optical axes are adjusted individually for projector appara-
tuses 10M and 10S in consideration of lengths of legs, to
make projection ranges matched with each other.

[0039] FIG. 3B shows a manner of projection onto multiple
screens that the two projector apparatuses 10M and 10S are
set separate from each other in a horizontal direction and
images projected from both projector apparatuses 10M and
10S are arranged in parallel on two adjacent screens SC1 and
SC2 adjacent to each other, respectively.

[0040] Though not shown in the figure, pitching angles of
optical axes of projected images are adjusted individually for
projector apparatus 10M and projector apparatus 10S also in
consideration of lengths of legs, to make positions of borders
of both the projected images matched with each other
(matched with a boundary between the right side edge of the
projected image from projector apparatus 10M and the left
side edge of the projected image from projector apparatus
10S), and to make positions of both images aligned with each
other in the vertical directions (up and down directions). In
this manner, wide image projection can be achieved by using
multiple screens.

[0041] Next, a schematic configuration of functional cir-
cuits in projector apparatuses 10M and 10S will be described
with reference to FIG. 4.

[0042] Aninputunit 11 includes, for example, a video input
terminal of a pin jack (RCA) type, a RGB input terminal of a
D-subl5 type.

[0043] Analog image signals according to various stan-
dards, which are input to the input unit 11, are digitized if
needed by the input unit 11, and are then fed to an image
converter 12 through a system bus SB.

[0044] Theimage converter 12 is also referred to as a scaler,
and uniformly converts input image data into image data of a
predetermined format suitable for projection, and feeds the
image data to the projection processor 13.

[0045] A projection processor 13 drives a micromirror ele-
ment 14 as a spatial optical modulator to perform display by
higher-speed time-divisional driving in which a frame rate in
compliance with the predetermined format of, for example,



US 2014/0078271 Al

120 frames/second, a number of color components, and a
number of display gradations are multiplied according to the
fed image data.

[0046] The micromirror element 14 individually operates a
plurality of micromirrors arrayed on a wide extended graphic
array (WXGA: 800 pixels by 1280 pixels) to turn on/off
individuals of inclination angles of the micromirrors at high
speed to display an image and accordingly to form an optical
image by reflection light thereof.

[0047] On the other side, light is emitted in primary colors
R, G, and B cyclically in a time-divisional manner from the
light source unit 15.

[0048] The light of primary colors from the light source
unit 15 is totally reflected by a mirror 16 and is irradiated onto
the micromirror element 14.

[0049] An optical image is then formed by the reflection
light from the micromirror element 14. The formed optical
image is projected and displayed through the lens unit 17 onto
an unillustrated screen as a projection target.

[0050] The light source unit 15 includes a laser diode (LD)
18 which emits blue laser light.

[0051] The blue laser light (B) which the LD 18 emits
penetrates a dichroic mirror 19 and is thereafter irradiated
onto a peripheral surface of a fluorescent wheel 20.

[0052] The fluorescent wheel 20 is rotated by a wheel
motor (M) 21, and a fluorescent layer 20g is formed over the
whole annular peripheral surface which is irradiated with the
blue laser light.

[0053] On the back of the surface where the fluorescent
layer 20g of the fluorescent wheel 20 is formed, an unillus-
trated reflection plate is provided so as to overlap the fluores-
cent layer 20g.

[0054] At an end part of the peripheral surface of the fluo-
rescent wheel 20, a wheel marker (not shown) is provided
which denotes a reference rotation position for synchronizing
rotation of the fluorescent wheel 20.

[0055] The projection processor 13 detects a rotation state
indicating whether the fluorescent wheel 20 rotates normally
or not, by referring to the marker sensors 22.

[0056] As the fluorescent layer 20g of the fluorescent wheel
20 is irradiated with the blue laser light, green light G is
excited as reflection light.

[0057] The green light is reflected by a dichroic mirror 19,
penetrates the dichroic mirror 23, and reaches the mirror 16.
[0058] Further, the light source unit 15 includes a light
emitting diode (LED) 24 which emits red light, and a LED 25
which emits blue light.

[0059] The red light emitted by the LED 24 is reflected by
adichroic mirror 26, is further reflected by the dichroic mirror
23, and then reaches the mirror 16.

[0060] The blue light emitted by the LED 25 is reflected by
a mirror 27 and penetrates the dichroic mirror 26. The light is
then reflected by the dichroic mirror 23 and reaches the mirror
16.

[0061] As described above, the dichroic mirror 19 allows
blue light to penetrate while the dichroic mirror 19 reflects
green light.

[0062] The dichroic mirror 23 allows blue light to penetrate
while the dichroic mirror 23 reflects green light and red light.
[0063] The dichroic mirror 26 allows blue light to penetrate
while the dichroic mirror 26 reflects red light.

[0064] Under control of a CPU 28 described later, the pro-
jection processor 13 performs formation of an optical image
by displaying an image through the micromirror element 14,
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light emission from each of the LD 18 and LEDs 24 and 25,
rotation of the fluorescent wheel 20 by the wheel motor 21,
and detection of a rotation state of the fluorescent wheel 20 by
the marker sensor 22.

[0065] A light sensing signal detected by a light sensor [.S2
which is provided adjacently in front of the projection lens
unit 17 is input to the CPU 28 on the side of projector appa-
ratus 108 as a slave.

[0066] The light sensor [.S2 is provided as a mandatory
component in projector apparatus 10S as a slave, and has light
sensing properties (performance) equivalent to the light sen-
sor L.S1 of the 3D liquid-crystal eyewear GL, i.e., an object
wave-length range, a directivity, and a light sensitivity.
[0067] In an ordinary product configuration, the light sen-
sor L.S2 is provided in (or may be additionally attached to)
projector apparatus 10M as a master. Projector apparatus
10M which is set as a master may be configured to be capable
of suspending or invalidating the function of the light sensor
LS2.

[0068] Withthe configuration as described above, individu-
als of the projector apparatuses can have a common design.
[0069] The light sensor [.S2 as an option may be optionally
set in front of the projection lens unit 17 on the side of
projector apparatus 10S as a slave.

[0070] The light sensor [.S2 is arranged to have a light-
sensing optical axis parallel to the projection optical axis of
the projection lens unit 17, and has a so wide directivity as the
light sensor LS1 of the 3D liquid-crystal eyewear GL. The
light sensor L.S2 performs luminous-intensity detection over
a wide range centered on the direction of the image which the
projection lens unit 17 projects.

[0071] TheCPU 28 controls all operation of each of circuits
described above.

[0072] The CPU 28 is directly connected to a main memory
29 and a program memory 30.

[0073] The main memory 29 is configured by, for example,
a SRAM and functions as a work memory for the CPU 28.
[0074] The program memory 30 is configured by an elec-
trically rewritable nonvolatile memory, and stores operation
programs to be executed by the CPU 28, data in various fixed
forms, and the like.

[0075] The CPU 28 performs control operations inside pro-
jector apparatuses 10M and 10S by using the main memory
29 and the program memory 30.

[0076] The CPU 28 performs a variety of projection opera-
tions in accordance with key operation signals from an opera-
tion unit 31.

[0077] The operation unit 31 includes a key operation unit
provided on a body of each of projector apparatuses 10M and
10S, and a laser receiving unit which receives infrared light
from an unillustrated remote controller specialized for pro-
jector apparatuses 10M and 10S. Key operation signals based
on keys which the user operates by the operation unit or the
remote controller are directly output to the CPU 28.

[0078] The CPU 28 is also connected to an audio processor
32 through the system bus SB.

[0079] The audio processor 32 includes a sound source
circuit, such as a PCM tone generator, and converts audio data
supplied during a projection operation into an analog signal.
The audio processor 33 enhances and outputs a sound by
driving a loudspeaker unit 33 or generates a beep sound if
needed.
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[0080] Next, the functional configuration of the 3D liquid-
crystal eyewear GL. will be described with reference to FIG.
5.

[0081] Luminous intensity of the screen SC detected by the
light sensor [.S1 is digitized and then fed to a CPU 51 through
a system bus SB2.

[0082] The CPU 51 manages control operations relating to
the whole 3D liquid-crystal eyewear GL, and is directly con-
nected to a main memory 52 and a program memory 53.

[0083] The main memory 52 functions as a work memory
for the CPU 51.
[0084] The program memory 53 stores various programs to

be performed by the CPU 51 and data in various forms.
[0085] The CPU 51 performs control operations inside the
3D liquid-crystal eyewear GL by using the main memory 52
and the program memory 53.

[0086] Further, key operation signals are directly input
from the key operation unit 54 to the CPU 51.

[0087] The key operation unit 54 includes a power supply
key to switch on/off a power supply for the 3D liquid-crystal
eyewear GL.

[0088] The CPU 51 is further connected to a liquid-crystal
drive unit 55 through the system bus SB2.

[0089] The liquid-crystal drive unit 55 drives a left-eye
liquid-crystal shutter 56 forming part of the left-eye lens of
the 3D liquid-crystal eyewear GL. and a right-eye liquid-
crystal shutter 57 forming part of the right-eye lens thereof to
be made alternately phototransmissive and photo-obstructive
in turn, under control of the CPU 51.

[0090] Operation of the present embodiment will now be
described below.

[0091] As has already been described, projector appara-
tuses 10M and 10S each perform all operations described
below after any of operation programs, fixed data, and the like
read from the program memory 30 by the CPU 28 are devel-
oped over and stored into the main memory 29.

[0092] In order to simplify descriptions, each one frame of
color images for the left and right eyes is supposed to be
configured by total 4 fields, i.e., a synchronization field, and 3
fields for B (blue), R (red), and G (green). Each of the fields
is set to a time corresponding to %4 of the color image frame
(L/R frame) for both the left and right eyes.

[0093] Further, to perform the present operation, as
described above, settings are supposed to have been executed
on projector apparatus 10M as a master and projector appa-
ratus 108 as a slave by settings using unillustrated manual
switches or a remote controller.

[0094] FIG. 6 shows light emission timings of the light
source units 15 in projector apparatuses 10M and 10S and
operations of the 3D liquid-crystal eyewear GL, during two
frames forming one frame of a 3D image, i.e., during one
right-eye (R) image frame and one left-eye (L) image frame.
[0095] A part of FIG. 6 relating to the 3D liquid-crystal
eyewear GL shows a shutter switch operation of the 3D lig-
uid-crystal eyewear GL. which operates in accordance with
the image projected by projector apparatus 10M.

[0096] A part of FIG. 6 relating to the master shows an
operation of projector apparatus 10M as the master.

[0097] A part of FIG. 6 relating to the slave shows an
operation of projector apparatus 10S as the slave.

[0098] As shown in parts of FIG. 6 relating to a frame/field
configuration, B-LED, R-LED, and B-LD for G in the master,
the LD 18, LED 24, and LED 25 which are semiconductor
light emitting devices as light sources are all turned off; at the
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beginning of the right-eye (R) image frame projected by
projector apparatus 10M. The LD 18, LED 24, and LED 25
are simultaneously turned on, as a synchronization signal SP,
by the projection processor 13 for a period equivalent to a
predetermined pulse width from a timing when a time d1
elapses, for example, ¥iso of L/R frame.

[0099] Therefore, white light as mixture of G, R, and B
colors is irradiated onto the micromirror element 14. During
this time, all the light irradiated by total surface reflection of
the micromirror element 14 changes into reflection light in a
direction to the projection lens unit 17.

[0100] Therefore, on the screen SC, the image having high
luminance which makes the whole surface white is projected
for such a very short time period that is not perceivable for the
user US.

[0101] Thereafter, the projection processor 13 turns off all
of'the LD 18, LED 24, and LED 25 during a time el until the
synchronization field ends.

[0102] Such a turn-off period as described is a response
time to show the subsequent right-eye image by opening
(switching on) the liquid-crystal shutter for the right-eye lens
on the side of the 3D liquid-crystal eyewear GL, as shown at
a part of the 3D eyewear in FIG. 6.

[0103] Inthenext B field, only the LED 25 is driven to turn
on for a period equivalent to %4 of L/R frame.

[0104] The projection processor 13 forms a blue optical
image for the right eye through the micromirror element 14 by
the blue light which the LED 25 emits, and projects the
formed image to the screen SC by the projection lens unit 17.
[0105] InthenextR field, only the LED 24 is driven to turn
on for a period equivalent to %4 of L/R frame.

[0106] The projection processor 13 forms a red optical
image for the right eye through the micromirror element 14 by
the red light which the LED 24 emits, and projects the formed
image to the screen SC by the projection lens unit 17.
[0107] Inthe next G field, only the LD 18 is driven to turn
on for a period equivalent to %4 of L/R frame.

[0108] The projection processor 13 forms a green optical
image for the right eye through the micromirror element 14
from green light which is obtained by irradiating the blue light
emitted from the LD 18 onto the fluorescent layer 20g of the
fluorescent wheel 20. The projection processor 13 projects
the formed image to the screen SC by the projection lens unit
17.

[0109] In the subsequent left-eye (L) image frame, the LD
18, LED 24, and LED 25 which are semiconductor light
emitting devices as light sources are all turned off, at the
beginning of the synchronization field. The LD 18, LED 24,
and LED 25 are simultaneously turned on, as the synchroni-
zation signal SP, by the projection processor 13 for a period
equivalent to a predetermined pulse width from a timing
when a time d2 elapses, for example, %1s0 of L/R.

[0110] Therefore, white light as mixture of G, R, and B
colors is irradiated onto the micromirror element 14. During
this time, all the light irradiated by total surface reflection of
the micromirror element 14 changes into reflection light in a
direction to the projection lens unit 17.

[0111] Therefore, on the screen SC, the image having high
luminance which makes the whole surface white is projected
for such a very short time period that is not perceivable for the
user US.

[0112] Thereafter, the projection processor 13 turns off all
of'the LD 18, LED 24, and LED 25 again during a time el
until the synchronization field ends.
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[0113] Such aturn-off period is a response time to show the
subsequent left-eye image by opening (switching on) the
liquid-crystal shutter for the left-eye lens on the side of the 3D
liquid-crystal eyewear GL, as shown at a part of the 3D
eyewear in FIG. 6.

[0114] Inthe subsequent B field, only the LED 25 is driven
to turn on for a period equivalent to ¥4 of L/R frame.

[0115] The projection processor 13 forms a blue optical
image for the left eye through the micromirror element 14 by
the blue light which the LED 25 emits, and projects the
formed image to the screen SC by the projection lens unit 17.
[0116] InthesubsequentR field, only the LD 24 is drivento
turn on for a period equivalent o % of L/R frame.

[0117] The projection processor 13 forms a red optical
image for the left eye through the micromirror element 14 by
the red light which the LED 24 emits, and projects the formed
image to the screen SC by the projection lens unit 17.
[0118] Inthesubsequent G field, only the LD 18 is drivento
turn on for a period equivalent to ¥4 of L/R frame.

[0119] The projection processor 13 forms a green optical
image for the left eye through the micromirror element 14
from green light which is obtained by irradiating the blue light
emitted from the LD 18 onto the fluorescent layer 20g of the
fluorescent wheel 20. The projection processor 13 projects
the formed image to the screen SC by the projection lens unit
17.

[0120] Thedelay time d2 at the beginning of the frame is set
to a greater value than the delay time d1 used for the right-eye
(R) image frame.

[0121] Therefore, from a difference Ad (=d2-dl), a cycle
T1 from light emission of the pulse of the synchronization
signal SP in theright-eye (R) image frame to light emission of
a pulse of the synchronization signal SP in the left-eye (L)
image frame is longer by 2Ad than a cycle T2 from light
emission of the pulse of the synchronization signal SP in the
left-eye (L) image frame to light emission of the pulse of the
synchronization signal SP in the subsequent right-eye (R)
image frame.

[0122] A part of the 3D eyewear photosensor input relating
to the master in FIG. 6 shows an example of intensity of light
which enters the light sensor LS1 of the 3D liquid-crystal
eyewear GL, from an image projected by projector apparatus
10M as a master.

[0123] In each of the B, R, and G fields, an incident light
amount is of an optical image formed by a semiconductor
light emitting device of a single color emits light. Accord-
ingly, the incident light amounts are in an increasing order of
B<R<G, because of differences in luminance among corre-
sponding color components.

[0124] Incomparison, the synchronization signal SP in the
synchronization field at the beginning of each frame has a
light amount which is of colors mixed by simultaneous light
emission of three colors.

[0125] Therefore, the CPU 28 easily identifies only syn-
chronization pulses by comparison with a much greater
threshold than that for the G field. In addition, the CPU 28 can
easily determine whether an image to be projected subse-
quently to a synchronization signal SP is for the right or left
eye by sequentially measuring and comparing cycles T
among the synchronization pulses.

[0126] Through operations as described above, the 3D lig-
uid-crystal eyewear GL suspends the on/off (phototransmis-
sive/photo-obstructive) operation which has been performed
till then, upon detection of the synchronization signal SP, and
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repeatedly performs an operation of inversely setting the
on/off (phototransmissive/photo-obstructive) operation dur-
ing a period until start of the subsequent R field as a response
period.

[0127] Incontrast, an operation to be performed by projec-
tor apparatus 10S as a slave will be described with reference
to a part of FIG. 6 relating to the slave.

[0128] As described above, projector apparatus 10S
includes the light sensor LS2 equivalent to the light sensor
LS1 of the 3D liquid-crystal eyewear GL, and can grasp the
timing of the image which is projected by projector apparatus
10M, as well as the 3D liquid-crystal eyewear GL.

[0129] That is, without using communications which
require product costs, such as cable connection via a USB
cable or Bluetooth (registered trademark) as a short-distance
wireless-communications standard, the master and the slave
can be synchronized with each other by a simple mechanism
as employed in the 3D liquid-crystal eyewear GL.

[0130] In addition, projector apparatus 10S as a slave does
not need to output a dummy signal DP in the synchronization
field, when two images are projected onto one screen SC,
overlapped on each other, as shown in FIG. 3A.

[0131] That is, in projector apparatus 10S as a slave as
shown in parts of FIG. 6 relating to the frame, field configu-
ration, B-LED, R-LED, and B-LD for G with respect to the
slave, the projection processor 13 turns off each of the LD 18,
LED 24, and LED 25 in the synchronization field in the
right-eye (R) image frame.

[0132] In the projection operation in the subsequent B, R,
and G fields, projector apparatus 10S projects an image
according to the image signal input from the input unit 11, at
the same timing as projector apparatus 10M.

[0133] Thereafter, in the left-eye (I.) image frame, the pro-
jection processor 13 also turns off all of the LD 18, LED 24,
and LED 25 during the synchronization period.

[0134] In the projection operation in the subsequent B, R,
and G fields, projector apparatus 10S projects an image
according to the image signal input from the input unit 11, at
the same timing as projector apparatus 10M.

[0135] A part of the 3D eyewear photosensor input relating
to the slave in FIG. 6 shows an example of intensity of light
which enters the light sensor LS1 of the 3D liquid-crystal
eyewear GL, from an image projected by projector apparatus
10S as the slave.

[0136] In each of the B, R, and G fields, an incident light
amount is of a formed optical image as a semiconductor light
emitting device of a single color emits light. Therefore, the
incident light amount are in the increasing order of B<R<G,
owing to differences in luminance among corresponding
color components.

[0137] In comparison, light emission driving is not per-
formed at all in the synchronization field at the beginning of
each frame. Therefore, the amount of light which enters the
light sensor L.S1 by the image projected from projector appa-
ratus 108 is zero.

[0138] According to the present embodiment, for the user
wearing the 3D liquid-crystal eyewear GL, a phenomenon of
more or less whitening dark parts, which is called black
dimming (black (level) floating) and occurs particularly in
dark images, can occur because of the synchronization signal
SP in the image projected by projector apparatus 10M as a
master.

[0139] On the other hand, the image projected by projector
apparatus 10S as a slave does not cause such black dimming
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since there is no light which does not relate to the projection
image corresponding to the synchronization signal SP.
[0140] Therefore, there can be deviation in projection
image quality between the two projector apparatuses 10M
and 10S.

[0141] Such deviation of projection image quality is not
perceived when two images are projected onto one screen SC,
overlapped on each other, as shown in FIG. 3A.

[0142] FIG.7 shows a first example operation of equalizing
image quality between two projection images, in place of the
drive operation as shown in FIG. 6.

[0143] A part of FIG. 7 relating to the 3D liquid-crystal
eyewear GL shows a shutter switch operation of the 3D lig-
uid-crystal eyewear GL. which operates in accordance with
the image projected by projector apparatus 10M.

[0144] A part of FIG. 7 relating to the master shows opera-
tions of projector apparatus 10M as the master.

[0145] A part of FIG. 7 relating to the slave shows opera-
tions of projector apparatus 10S as the slave.

[0146] Operations on the side of projector apparatus 10M
as the master are the same as those of FIG. 6 above and will
therefore be omitted from descriptions below.

[0147] Projector apparatus 10S as a slave is configured to
project a dummy pulse as follows, in order to equalize image
quality with the master when two images are projected in
parallel as shown in FIG. 3B above.

[0148] That is, as shown at parts of FIG. 7 relating to the
frame, field configuration, B-LED, R-LED, and B-LD for G,
projector apparatus 10S as a slave turns on the LD 18, LED
24, and LED 25 by the projection processor 13 for a prede-
termined pulse width which is totally the same as that of the
synchronization signal SP, for example, a time corresponding
t0/1;180 of L/R frame, in order to project a dummy signal DP
which has luminous energy corresponding to the synchroni-
zation signal SP, while avoiding the timing of the synchroni-
zation signal SP projected by projector apparatus 10M, at the
beginning of the right-eye (R) image frame, at the later tim-
ing.

[0149] Therefore, at the later timing out of the range of the
synchronization signal SP from projector apparatus 10M,
white light as mixture of G, R, and B colors is irradiated onto
the micromirror element 14. During this time, all the light
irradiated by total surface reflection of the micromirror ele-
ment 14 changes into reflection light in a direction to the
projection lens unit 17.

[0150] Therefore, on the screen SC, the image having high
luminance which makes the whole surface white is projected
for such a very short time period that is not perceivable for the
user US.

[0151] In this manner, the influence of the white corre-
sponding to the dummy signal DP which occupies the image
projected by projector apparatus 10S, received by the 3D
liquid-crystal eyewear GL is substantially equal to the influ-
ence of the white which occupies the image projected by
projector apparatus 10M.

[0152] Thereafter, the projection processor 13 turns off all
of'the LD 18, LED 24, and LED 25 until the synchronization
field ends.

[0153] In the projection operation in the subsequent B, R,
and G fields, projector apparatus 10S projects an image
according to the image signal input from the input unit 11, at
the same timing as projector apparatus 10M.

[0154] Also in the subsequent left-eye (L) image frame, the
projection processor 13 projects a dummy signal DP which

Mar. 20, 2014

has luminous energy corresponding to the synchronization
signal SP, while avoiding the timing of the synchronization
signal SP to be projected by projector apparatus 10M at the
beginning of the synchronization field, at the later timing.
[0155] Therefore, also in the left-eye (L) image frame, at
the later timing out of the range of the synchronization signal
SP from projector apparatus 10M, white light as mixture of G,
R, and B colors is irradiated onto the micromirror element 14.
During this time, all the light irradiated by total surface reflec-
tion of the micromirror element 14 changes into reflection
light in a direction to the projection lens unit 17.

[0156] Therefore, onthe screen SC, the image having lumi-
nance which makes the whole surface white is projected for
such a very short time period that is not perceivable for the
user US.

[0157] Inthis manner, also in the left-eye (L) image frame,
the influence of the white corresponding to the dummy signal
DP which occupies the image projected by projector appara-
tus 108, received by the 3D liquid-crystal eyewear GL is
substantially equal to the influence of the white which occu-
pies the image projected by projector apparatus 10M.
[0158] Thereafter, the projection processor 13 turns off all
of'the LD 18, LED 24, and LED 25 until the synchronization
field ends.

[0159] In the projection operation in the subsequent B, R,
and G fields, projector apparatus 10S projects an image
according to the image signal input from the input unit 11, at
the same timing as projector apparatus 10M.

[0160] A part of the 3D eyewear photosensor input relating
to the slave in FIG. 7 shows an example of intensity of light
which enters the light sensor LS1 of the 3D liquid-crystal
eyewear GL, from an image projected by projector apparatus
10S as the slave.

[0161] In each of the B, R, and G fields, an incident light
amount is of an optical image formed as a semiconductor light
emitting device of a single color emits light. Therefore, the
incident light amounts are in the order of B<R<G, owing to
differences in luminance among corresponding color compo-
nents.

[0162] In comparison, the dummy signal DP in the syn-
chronization field at the beginning of each frame is projected
at a timing which is intentionally shifted backward from the
synchronization signal SP generated by projector apparatus
10M, and has a light amount corresponding to color mixture
of simultaneous light emission of three colors at an equal
amount.

[0163] Therefore, from a fall timing of the synchronization
signal SP to at least start of the next B field, as shown in a part
of'a mask signal of 3D eyewear in FIG. 7, or to an end of the
G field, the 3D liquid-crystal eyewear GL generates a mask
signal which invalidates operations according to light recep-
tion by the light sensor [.S1, to internally perform controls
concerning synchronization, and temporarily suspends a light
receiving operation of the light sensor [.S1, to prevent error
detection in synchronization.

[0164] In this manner, the 3D liquid-crystal eyewear GL
can exclude the influence on synchronization operations from
the dummy signal DP from projector apparatus 10S, and
continue a switch operation of switching on/off (phototrans-
missive/photo-obstructive) the left and right shutters. Simul-
taneously, power consumption of the light sensor L.S1 can be
reduced as much as possible.

[0165] Furtheraccording to the operations shown in FIG. 7,
a degree of projection of a more or less whitened dark part in
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the image projected by projector apparatus 10M as a master
due to the synchronization signal SP, which is called black
dimming and occurs particularly in dark images, and a degree
of'projection of a more or less whitened dark part in the image
projected by projector apparatus 10S as a slave due to the
dummy signal DP, which is also called black dimming, are
equal for the user wearing the 3D liquid-crystal eyewear GL.
Projection image quality can be equalized between the two
projector apparatus 10M and 10S.

[0166] Thus, the feature of equalizing the image quality
between two projection images is applicable to projection of
two images arranged in parallel, as shown in FIG. 3B.
Accordingly, black dimming occurring in the two images
projected and arranged in parallel can be substantially equal-
ized. The user US does not become conscious of a seam
between images projected on the screens SC1 and SC2 and
therefore can view the images without a feel of discomfort.
[0167] FIG. 8 shows a second example operation of equal-
izing image quality between two projection images, in place
of'the drive operations as shown in FIG. 7. Specifically, FIG.
8 shows a case that projector apparatus 10S as a slave in the
part of the slave of FIG. 8 simultaneously turns on the LD 18,
LED 24, and LED 25 by the projection processor 13 for a
predetermined pulse width which is totally the same as that of
the synchronization signal SP, for example, a time corre-
sponding to “iso ((Y360)*2) of L/R frame, in order to project
intermittent sequential two pulses as one dummy signal DP
which have equal luminous energy, unlike the synchroniza-
tion signal SP in form of a single pulse which is projected by
projector apparatus 10M as a master.

[0168] Theinfluence of the white corresponding to even the
dummy signal DP having such a waveform as described
above, which occupies the signal projected by projector appa-
ratus 108, received by the 3D liquid-crystal eyewear GL, is
substantially equal to the influence of the white which occu-
pies the image projected by projector apparatus 10M.
[0169] FIG. 9 shows a third example operation of equaliz-
ing image quality between two projection images, in place of
the drive operations as shown in FIG. 7 or 8. Specifically, FI1G.
9 shows a case that projector apparatus 10S as a slave in the
part of the slave of FIG. 9 simultaneously turns on the LD 18,
LED 24, and LED 25 at substantially half luminance by the
projection processor 13 for a pulse width which is totally
twice the pulse width of the synchronization signal SP, for
example, a time of V%o corresponding to twice the Yiso of L/R
frame, as a dummy signal DP which differs from and has
equal luminous energy to the synchronization signal SP pro-
jected by projector apparatus 10M as a master.

[0170] Theinfluence of the white corresponding to even the
dummy signal DP having such a waveform as described
above, which occupies the signal projected by projector appa-
ratus 108, received by the 3D liquid-crystal eyewear GL, is
substantially equal to the influence of the white which occu-
pies the image projected by projector apparatus 10M.
[0171] Although the LD 18, LED 24, and LED 25 have
been described as components which turns on the dummy
signal DP at substantially half luminance, the LD 18, LED 24,
and LED 25 may be intentionally made to emit light at full
energy, and the total surface reflection time may be reduced to
halfby the micromirror element 14, to obtain %4 gradations, or
may be driven to display on and off pixels arranged in a layout
like a checker pattern, to uniformly switch off half of pixels.
In this manner, luminance of light emission from the projec-
tion lens unit 17 can be reduced to half.
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[0172] Further, FIGS. 7, 8, and 9 each has been described a
case where the dummy signal DP which projector apparatus
10S as a slave emits in the in the synchronization field is
uniform throughout the /R frame. However, even if the
dummy signal DP has different waveforms respectively in the
L frame and the R frame, the dummy signal DP deems to be
satisfactorily practicable insofar as the dummy signal DP has
luminous energy substantially equal to that of the synchroni-
zation signal SP.

[0173] However, taken into consideration response proper-
ties at a rise and a fall when the left-eye liquid-crystal shutter
56 and the right-eye liquid-crystal shutter 57 of the 3D liquid-
crystal eyewear GL are switched in response fields, the wave-
form of the dummy signal DP is desirably uniform through-
out the /R frame in order to cancel luminance after
transmission of the dummy signal DP for uniform quality.

[0174] Further, if ferroelectric liquid crystal capable of
high-speed response at a response speed of 1 ms or less, such
as 0.2 ms, can be used for the left-eye liquid-crystal shutter 56
and the right-eye liquid-crystal shutter 57 of the 3D liquid-
crystal eyewear GL, the phenomenon of black dimming
caused by the synchronization signal SP as described above
can be excluded securely.

[0175] FIG. 10 shows an example operation where the 3D
liquid-crystal eyewear GL including the liquid-crystal shut-
ters 56 and 57 as described above can be used in place of the
drive operations as shown in FIG. 6,7, 8, or 9.

[0176] A part of FIG. 10 relating to the 3D liquid-crystal
eyewear GL shows a shutter switch operation of the 3D lig-
uid-crystal eyewear GL. which operates in accordance with
the image projected by projector apparatus 10M.

[0177] A partof FIG. 10 relating to the master shows opera-
tions of projector apparatus 10M as a master.

[0178] A part of FIG. 10 relating to the slave shows opera-
tions of projector apparatus 10S as a slave.

[0179] As shown in the part of the 3D eyewear in FIG. 10,
the right-eye liquid-crystal shutter 57 of the 3D liquid-crystal
eyewear GL is driven to switch on (transmit) with a slight
time margin, only in the B, R, and G fields of projecting an
actual image in the right-eye image frame by projector appa-
ratus 10M and to switch off (shut) during the other periods.
[0180] On the other side, the left-eye liquid-crystal shutter
56 is driven to switch on (phototransmissive) with a slight
time margin, only in the B, R, and G fields of projecting an
actual image in the left-eye image frame by projector appa-
ratus 10M and to switch off (shut) during the other periods.
[0181] Therefore, at the timing of the synchronization sig-
nal SP arranged at the beginning of the synchronization field
projected by projector apparatus 10M, both the right-eye
liquid-crystal shutter 57 and the left-eye liquid-crystal shutter
56 are off (shut), and the user wearing the 3D liquid-crystal
eyewear GL does not perceive black dimming due to the
synchronization signal SP.

[0182] Therefore, the projection processor 13 does not
need to output the dummy signal DP corresponding to the
synchronization signal SP in the synchronization field, in
projector apparatus 10S as a slave.

[0183] Thus, when high-speed liquid-crystal shutters
capable of sufficiently reducing the response time can be used
for the 3D liquid-crystal eyewear GL, the occurrence of black
dimming can be suppressed and the projection image quality
can be improved. In addition, the period of the synchroniza-
tion field in one color image frame can be set shorter, and the
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periods of B, R, and G fields can be set longer to a corre-
sponding extent. Contribution to projection of a brighter
image is therefore available.

[0184] The above embodiment has been described with
reference to examples where a 3D display apparatus which
performs 3D display (stereoscopic display) by parallax
between two images is used as each of display apparatuses
which switches and displays left- and right-eye images, and
3D eyewear is a display assist apparatus (viewer eyewear).
However, the invention is not limited to the examples.
[0185] Needless to say, the invention is further applicable
to, for example, a display system which time-divisionally
displays different images without using parallax.

[0186] According to the embodiment as has been
described, corresponding left eye and right eye images can be
steadily viewed even with one 3D liquid-crystal eyewear GL.
(as glasses for visually reorganization, a display assist appa-
ratus), where a plurality of projector apparatuses (as display
apparatuses) 10M and 10S each of which switches and
projects left- and right-eye images are operated in parallel.
[0187] In this respect, particularly projector apparatus 10S
as a slave controls projection during a period corresponding
to the synchronization signal SP projected by projector appa-
ratus 10M. Interference (operation errors) of the 3D liquid-
crystal eyewear GL can therefore be avoided.

[0188] Also projector apparatus 10S is provided with the
light sensor L.S2 which is the same as the light sensor L.S1 of
the 3D liquid-crystal eyewear GL, and detects a timing of the
image projected by projector apparatus 10M, to thereby
obtain synchronization information. Therefore, projector
apparatus 10S can synchronize the timing of projecting an
image with the synchronization information.

[0189] Also in the above embodiment, a light amount of the
synchronization signal SP projected by projector apparatus
10M as a master during a synchronization field, and a light
amount of the dummy signal DP projected later than the
synchronization signal SP by projector apparatus 10S as a
slave in the synchronization field are substantially equalized.
Therefore, image quality can be uniform between two pro-
jection images.

[0190] Since projector apparatus 10S as a slave is config-
ured to detect synchronization with projector apparatus 10M
by using the light sensor L.S2, a synchronization mechanism
can be achieved with a simple configuration.

[0191] In this respect, particularly the same light sensor
LS2 as the light sensor [L.S1 of the 3D liquid crystal eyewear
GL is used for projector apparatus 10S, to synchronize with
projector apparatus 10M as a master. Therefore, sharing of
components can be improved more.

[0192] In the above embodiment, the synchronization sig-
nal SP can be detected by counting an interval between arriv-
als of the synchronization signal SP for 3D display, and can be
distinguished from the dummy signal DP which arrives after-
ward. Therefore, the synchronization signal SP can be easily
distinguished.

[0193] Aside from the embodiment described above, the
synchronization signal SP may be set to be detectable
depending on a waveform, for example, in form of intermit-
tent sequential two pulses in a short time, such as the dummy
signal DP shown in the part of the slave in FIG. 8. The
synchronization signal SP can then be also easily distin-
guished.

[0194] Although the above embodiment has been described
in case of applying the invention to a DLP (registered trade-
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mark) projector system, the invention is applicable not only to
an apparatus which performs projection but also to a display
apparatus with a display screen which a user directly views.
[0195] Such a direct-view-type display apparatus as
described is applicable to visual recognition for two display
apparatuses arranged in parallel, which is equivalent to FIG.
3B.

[0196] FIG. 11 shows a configuration applied to, for
example, a field-sequential-type (color-sequential-type) lig-
uid-crystal panel display 70 as a display apparatus.

[0197] Inthe figure, reference sign 71 denotes a phototrans-
missive monochrome liquid-crystal panel.

[0198] In addition, seat-type backlight units 72B, 72R, and
72G are arranged and layered on the lower surface side of the
monochrome liquid-crystal panel 71.

[0199] Thebacklight units 72B, 72R, and 72G respectively
form units in which light emitting diodes (LED) which emit B
(blue) light, R (red) light, and G (green) light are arranged in
line on four sides of a rectangular light-guide diffusion plate.
More accurately, the units 72B, 72R, and 72G form sidelight-
type units.

[0200] Primary-color light of area light emission emitted
by a unit on the side of a lower layer which is more distant
from the monochrome liquid-crystal panel 71 penetrates units
on the side of an upper layer, and is irradiated onto the mono-
chrome liquid-crystal panel 71 from the lower surface side
thereof. Synchronized with this timing, an optical image
which matches the primary-color light is formed by an image
of'a corresponding primary-color light component, the image
displayed by the monochrome liquid-crystal panel 71.
[0201] The primary color light emitted from the backlight
units 72B, 72R, and 72G has luminance (brightness) compo-
nents which are in the increasing order of, for example,
B<R<G. By emitting primary color light having a greater
luminance component from a lower layer, a color balance
when an optical image of a primary color is formed by the
monochrome liquid-crystal panel 71 is adjusted in consider-
ation of a light amount which damps (decreases) when the
light penetrates any intermediate unit.

[0202] A LCD drive unit 73 performs display of an image
through the monochrome liquid-crystal panel 71.

[0203] The LCD drive unit 73 further outputs a timing
signal synchronized with the timing of a primary color image
to be displayed by the monochrome liquid crystal panel 71
and a control signal which gives an instruction about a light
emission amount to the backlight drive unit 74.

[0204] According to the timing signal and control signal
from the LCD drive unit 73, the backlight drive unit 74 makes
the backlight units 72B, 72R, and 72G drive and emit area
light cyclically in a time-divisional manner.

[0205] For example, if one frame of a color image is con-
figured by three fields of R, G, and B, the LCD drive unit 73
drives the monochrome liquid crystal panel 71, for example,
at a frame rate of 120 frames/second to display images of
primary colors at a speed of 360 fields/second. In this manner,
the user of the liquid-crystal panel display 70 can visually
recognize the monochrome liquid-crystal panel 71 from the
up side, and can thereby watch a color image without a feel of
discomfort.

[0206] Even inthe liquid-crystal panel display 70 of a type
in which the monochrome liquid-crystal panel 71 as a display
screen is directly viewed, the synchronization signal for 3D
display can be substituted by simultaneously turning on the
backlight units 72B, 72R, and 72G in a very short time and by
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controlling gradations so as to make all pixels of the mono-
chrome liquid-crystal panel 71 be fully phototransmissive
and to emit white light as mixture of colors.

[0207] Needless to say, even this direct-view-type display
apparatus is applicable to, for example, a display system
which time-divisionally displays different images without
using parallax.

[0208] Further, the invention is not only limited to the lig-
uid-crystal panel display of the field-sequential (color-se-
quential) system whose structure is exemplarily shown in
FIG. 11 but also applicable to a display apparatus using
another light sources, such as a liquid crystal projector, a
plasma display, or a monitor apparatus of a SED rear projec-
tor type.

[0209] Further, the invention is not limited to the embodi-
ment described above but can be variously modified in prac-
tical phases without deviating from the subject manners of the
invention.

[0210] In addition, functions performed by the embodi-
ment described above may be combined as appropriately as
possible, and may be performed.

[0211] The embodiment described above further includes
various stages, and various inventions can be derived by
appropriate combination of a plurality of disclosed compo-
nents.

[0212] For example, even if several components are
removed from all the components disclosed in the embodi-
ment, the configuration from which the several components
are removed may be extracted as an invention, insofar as
effects of the invention are achieved.

[0213] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A display apparatus having a switching-display function
to switch and display left- and right-eye images, comprising:

a master/slave setting unit configured to execute at least
one of setting of a master apparatus which displays a
switching-display synchronization signal superposed on
animage as a target to be displayed and setting of a slave
apparatus which does not display the switching-display
synchronization signal;

a synchronization-signal superposition unit configured to
superpose the switching-display synchronization signal
on the image as the target to be displayed, when setting
of the master apparatus is executed by the master/slave
setting unit; and

adisplay unit configured to display the image on which the
switching-display synchronization signal is superposed
by the synchronization signal superposition unit.

2. The display apparatus according to claim 1, further
comprising a superposition control unit configured to inhibit
superposition of the switching-display synchronization sig-
nal onto the image as the target to be displayed, when setting
of' the slave apparatus is executed by the master/slave setting
unit.

3. The display apparatus according to claim 1, further
comprising:
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an obtaining unit configured to obtain the switching-dis-
play synchronization signal superposed on the image
which the master apparatus displays; and

a synchronization control unit configured to synchronize
time control for switching display of the image dis-
played by the display unit with control which the master
apparatus performs for the switching display, based on
the switching-display synchronization signal obtained
by the obtaining unit, when setting of the slave apparatus
is executed by the master/slave setting unit.

4. The display apparatus according to claim 1, further
comprising a dummy-signal superposition unit configured to
superpose a dummy signal having a different phase in place of
superposing the switching-display synchronization signal
onto the image as the target to be displayed, when setting of
the slave apparatus is executed by the master/slave setting
unit.

5. The display apparatus according to claim 4, wherein the
dummy-signal superposition unit is configured to superpose
the dummy signal which has luminous energy substantially
equal to the switching-display synchronization signal.

6. The display apparatus according to claim 4, wherein the
dummy-signal superposition unit is configured to superpose
the dummy signal in case of multiple screen display in which
display by the display apparatus is performed on each of
multiple screens arranged adjacent to one another.

7. A projection apparatus comprising:

a display apparatus having a switching-display function to
switch and display left- and right-eye images, compris-
ing
a master/slave setting unit configured to execute at least

one of setting of a master apparatus which displays a
switching-display synchronization signal superposed
on an image as a target to be displayed and setting of
a slave apparatus which does not display the switch-
ing-display synchronization signal;

a synchronization signal superposition unit configured
to superpose the switching-display synchronization
signal onto the image as the target to be displayed,
when setting of the master apparatus is executed by
the master/slave setting unit, and

a display unit configured to display the image on which
the switching-display synchronization signal is super-
posed by the synchronization signal superposition
unit; and

a projection unit configured to form and emit an optical
image from the image displayed by the display unit.

8. The projection apparatus according to claim 7, further
comprising an obtaining unit configured to obtain the switch-
ing-display synchronization signal superposed on the image
which the master apparatus displays, wherein:

the obtaining unit is configured to obtain the switching-
display synchronization signal from luminous intensity
of the projected image, and

the synchronization control unit is configured to synchro-
nize time control for switching display of the image
displayed by the display unit with control which the
master apparatus performs for the switching display,
based on the switching-display synchronization signal
obtained by the obtaining unit.

9. The projection apparatus according to claim 7, wherein
the obtaining unit corresponds to a sensor and a processing
circuit used for a display assist apparatus for watching the
image which is displayed by the switching display.
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10. The projection apparatus according to claim 7, wherein
the obtaining unit is externally attached to a body of the
projection apparatus.

11. The projection apparatus according to claim 7, further
comprising:

a light sensing unit configured to receive light of the
switching-display synchronization signal superposed on
the image which the master apparatus displays; and

a suspension control unit configured to suspend the light
sensing unit when setting of the master apparatus is
executed by the master/slave setting unit.

12. The projection apparatus according to claim 7, further

comprising:

a light sensing unit configured to receive light of the
switching-display synchronization signal superposed on
the image which the master apparatus displays; and

an invalidation unit configured to invalidate light receiving
information obtained by the light sensing unit when
setting of the master apparatus is executed by the master/
slave setting unit.

13. A display assist apparatus configured to cooperate with

a display apparatus having a switching-display function to
switch and display left- and right-eye images, comprising:
alight sensing unit configured to receive display light from
a target to be displayed;

a distinguishing unit configured to determine whether the
display light received by the light sensing unit includes
a switching-display synchronization signal or not; and

aswitch control unit configured to perform a switch shutter
operation for images to be switched and displayed,
based on the synchronization signal, when the switch-
ing-display synchronization signal is determined to be
included by the distinguishing unit.

14. The display assist apparatus according to claim 13,
wherein the switch control unit is configured to perform a
shutter operation to shut images at a timing of receiving the
switching-display synchronization signal when a plurality of
display apparatuses are used to respectively display images as
targets to be displayed.

15. The display assist apparatus according to claim 13,
further comprising a suspension control unit configured to
suspend the light sensing unit during a period which is deter-
mined as not including the switching-display synchroniza-
tion signal.

16. The display assist apparatus according to claim 13,
further comprising an invalidation unit configured to invali-
date display light received by the light sensing unit during a
period which is determined as not including the switching-
display synchronization signal.
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17. The display assist apparatus according to claim 13,
wherein the distinguishing unit is configured to determine
whether the display light includes the switching-display syn-
chronization signal or not, based on an interval of signals
which are continuously received by the light sensing unit and
have luminous energy not smaller than predetermined lumi-
nous energy.

18. The display assist apparatus according to claim 13,
wherein the distinguishing unit is configured to determine
whether the display light includes the switching-display syn-
chronization signal or not, based on a waveform of a signal
received by the light sensing unit and has luminous energy not
smaller than predetermined luminous energy.

19. A system comprising:

a display apparatus having a switching-display function to

switch and display left- and right-eye images; and

a display assist apparatus configured to cooperate with the

display apparatus,

the display apparatus comprising:

a master/slave setting unit configured to execute at least
one of setting of a master apparatus which displays a
switching-display synchronization signal superposed
on an image as a target to be displayed and setting of
a slave apparatus which does not display the switch-
ing-display synchronization signal,

a synchronization signal superposition unit configured
to superpose the switching-display synchronization
signal on the image as the target to be displayed, when
setting of the master apparatus is executed by the
master/slave setting unit, and

a display unit configured to display the image on which
the switching-display synchronization signal is super-
posed by the synchronization signal superposition
unit,

the display assist apparatus comprising:

a light sensing unit configured to receive a display con-
trol signal superposed on the image as the target to be
displayed,

a distinguishing unit configured to determine whether
the display control signal received by the light sensing
unit is a switching-display synchronization signal or
not, and

a switch control unit configured to perform a switch
shutter operation for images switched and displayed,
based on the switching-display synchronization sig-
nal determined by the distinguishing unit.
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