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SPECIFICATION

TZTLE OF THE INVENTION
A PROJECTED IMAGE DISPLAYING APPARATUS AND A METHCD OF
5 CORRECTING COLOR UNEVENNESS THEREIN J
BACKGROUND OF THE INVENTION
(1) Field of the Inventicn
The present inventicn relates to a projected image

displaying apparatus using a plurality of display devices,

and further the present invention relates to a method of
correcting color unevenness in a projected image displayin

apparatus wherein color unevenness over the entire display

e e e o

image can be corrected, and to a display apparatus capable
of automatically effecting chromaticity adjustment that is
to be performed at a production _stage, etc.
(2) Description of the Prior Art
In projected image displaying apparatuses using a
plurality of display devices, it is required to strictly
-control character:.stlcs of display elements in order to
-'-establish un:.formlty of chromaticity throughout the entire
d;splay 1mage~ but the chromaticity throughout the projected
l?nage var:l.es pos:.t:.on to posi ition depending upon colcr
render:.ng_ propert:.e_s of a 1light source used, a color
Separation/compoéi}:ion system used for the light source and

transmittance distribution of the display elements and other

This Sheet Has Been Replaced’

i




-2 -

factors. Therefore it very disficult in a technclogical
view point to establish such a strict control in a projectad
image display apparatus.

There is a methcd called "white-balance adjusting
method" in which a video signal is composed of red, blue and
green component video signals (which will hereinafter ke
referred to as R-signal, G-signal and B-signal,
respectively), and amplitude of each component is variable
so as to effect gain-control, wheréby chromaticity can be
adjusted roughly throughout the entire image.

Japanese Patent Application Laid-Open Sho 63 No.37,785
discloses a method of correcting unevenness of luminance and
chromaticity arising in a case where an image screen is
formed by arranging a plurality of liquid crystal display
panels. This method comprises the steps of: measuring each
liquid crystal display panel in its real mounted state on
light intensity; generating data on uniformity ratio of
illuminance for each liquid crystal display’ panel on the
basis of the obtained light intensity so as to store the
generated data in the memory; and executing a calculative
operation based on the stored data and projected image data
on each liquid crystal display panel so as to display a
uniform projected image.

Now, a conventional chromaticity adjusting method will

be explained with reference to Fig.l, which is a block
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diagram showing a circuit for generating videc signals to

be provided for a typical liguid cxrystal display device.

(§1]

In this figure, v-correcting circuits 33z, 33g and 35b are
constructed identically, and analog converting circuitls 36z,
536g and 56b are also constructed all identically like an
analog converting circuit 56 shown in Fig.2.

A video signal S1 having an analog value is inputted
to a projected image processing section 54 in which the
inputted data is separated into R-signal, G-signal and B-
signal. The thus separated signals pass through A/D
converting circuits aS4r, a54g and a54b in the projected
image processing section S4 to be formed into quantized
digital video signals S1R, S1G and S1B, which are in turn
sent out.to yY-correcting circuits 55r, 55g and S3b.

The y-correcting circuits 53r, 53g and 55b are to
perform y-correction for .making compensation for voltage-
transmittance characteristic of liquid crystal, and subject
the inputted respective digital video signals S1R, S1G and
S1B to y-correction to output digital video signals SYR, SYG
and SYB to analog converting circuits 56r, 56g and 36b,
respectively.

The analog converting circuits 56r, 56g-and 56b convert
the inputted digital video signals SyYR, SvG and SyB into
3nalog values, respectively. The thus formed analog values

are sent out as video signal SR, SG and SB to a liquid
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crystal display device/optical converting secticn 37.

The liquid crystal display device/cptical cconverting
section 57, based on the inputted videc signal SR, SG and
SB, reproduces an image and emits light cutput RAY.

A chromaticity meter receives the 1ighTt output RAY
emitted as an image £rom the l.iquid. crystal display
device/optical converting section 37, and measures the
chromaticity thereof to indicate the measurement. Here, for
convenience of description, liquid crystal display device
used is assumed to be of a normally white type, more
explicitly, the liquid crystal display device is assumed to
lower its transmittance as the voltage applied increases.
Further assumption is that the device is driven by an
alternating voltage which has a center voltage of ground
level and inverts its polarity for every horizcntal line.

Next, description will be made of converting procedures
of signal waveforms in the analog converting circuits 56r,
56g and 56b. Fig.2 is a circuit diagram of the analog
converting circuit 56. There are three analog converting
Circuits 56 on the diagram shown in Fig.l, namelyT analog
converting circuit 56r for processing the R-signal, analog
converting circuit 56g for processing .th'e G-signal and

analog converting circuit 56b for processing the B-signal.

Here, Figs.3A through 3F are diagrams showing waveforms of

video signals for different points in 56.

iy
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As shown in Fig.3B, a2 zcntrol signal S8 has a wavefcrm
taking a peak value, or voltage H fcor 'High' level and
taking another peak value, ¢r voltage L for 'Low' level, and
alternating between 'High' level and "Low' level,

periodically. This signal is inputted into a lcgical

circuit 62, switches SWl, SW2 and SW3, and serves as a

synchronizing signal.

When the control signal S6 is at 'High' 1level in
switches SW1l, SW2 and SW3, all terminals 'c' azre
simultaneously connected with respective terminals 'b’' and
are simultaneously disconnected with respective terminals
'a'. On the other hand, when the control signal S6 is at
'Low' level, all terminals 'c' are simultanecusly connected
with respective terminals 'a' and are simultaneously
disconnected with respective terminals 'b’'.

In the switch SW1l, the terminal 'a’ is applied with a
full-scale woltage VFS that is adjusted by a variable
resistance Rl whereas the terminal 'b' is grounded. As
previously described, the terminals 'a' and 'b' are
alternately connected with the terminal 'c' following the
control signal S6 inputted to a terminal '4d’. With the
alternating connection, the terminal 'c' generates a pulse
having a peak value equal tc the full-scale voltage VFS and

launches the pulse as a signal S11 to a negative (-)terminal
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of an amplifier AMPL. The signal S11 inputted to the
(-)terminal of the amplifier AMPl is thersin multiplied by

(-1) tc cutput a waveform shown in Fig.3D.

In the switch SW2, the terminal 'a' is applied with an
offset voltage VOFthat.is adiusted by a variable resistance
R2 whereas the terminal 'b' is grounded. As previcusly
described, the terminals 'a' and 'b' are alternately
connected with the terminal 'c' following the control signal
S6 inputted to a terminal '4d'. With the alternating
connection, the terminal 'c' generates a pulse having a peak

value equal to the offset voltage VOFand launches the pulse

as a signal S16 to a positive (+)terminal of an amplifier
AMP3. In the switch SW3, the terminal 'b' is applied with

an offset voltage VOF that is adjusted by a variable

resistance R2 whereas the terminal 'a' is grounded. As
previously described, the terminals 'a’' and 'b' are
alternately connected with the terminal 'c' following the
control signal S6 inputted to a terminal 'd'. With the
alternating connection, the terminal 'c' generates-a pulse

having a peak value equal to the offset voltage VOF and

launches the pulse as a signal S17 to a negative (-)terminal
of the amplifier AMP3. Accordingly, these signals S16 and
817 synchronize with each other, but are logically inverted

o ) -
ne anothgr, or more specifically, when the signal S16 stays
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of an amplifier AMPl. The signal S1l inputtad to the

(=)terminal of the amplifier AMPl is therein multipiied bv

(=1) <o cutput a waveform shown in Fig.3Dl.

in the switch SW2, the terminal 'a' is applied with an

offset voltage VOF that is adjusted by a variable resistance
R2 whereas the terminal ‘b’ is grounded. As previcusly

described, the terminals 'a' and 'b' rea alternately
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connected with the terminal 'c' following the control signal
S6 inputted to a terminal 'd’'. With the alternating
19 connection, the terminal 'c' generates a pulse having a peak

value equal to the offset voltage VOF and launches the pulse

as a signal S16 to a positive (+)terminal of an amplifier

AMP3. In the switch SW3, the terminal 'b’' is applied with
an offset voltage VOF that is adjusted by a variable
L5 resistance R2 whereas the terminal 'a' is grounded. As
previously described, the terminals 'a' and 'b' are
alternately connected with the terminal 'c' following the
control signal S6 inputted to a terminal 'a'. With the
alternating connection, the terminal 'c' generates-a pulse
having a peak value equal to the offset wvoltage VOF and
launches the pulse as a signal S17 to a negative (-)terminal
of the amplifier AMP3. Accordingly, these signals S16 and
S17 synchronize with each other, but are logically inverted

One another, or more specifically, when the signal S16 stays
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at 'High' level, the signal S17 is at 'Zcw' level.

- The AMP3 subtracts the signal S17 inputted into the (-
terminal from the signal S16 inputted into the (+)terminal,
and cutputs the resultant signal S13 to a (-)terminal of an
amplifier AMP2.

A digital video signal S8 corresponds to any one cf the
digital video'signals SYR, SYG and SyY3 that have been
quantized by and outputted from y-correcting circuit 35 r,
53g and 53b. By the way, the y-correcting circuit 55 r, 55g
and 53b execute conversion of an inputted signal to form an
output in accordance with a characteristic curve sﬂown in
Fig.4C, therefore, the digital video signal S8 is supplied
to a logical circuit 62 as having a waveform taking a
certain constant voltage VP shown in Fig.3A as a peak value.

The logical circuit 62 also receives a signal S6
alternately reversing at intervals of one horizontal period
as having a waveform shown in Fig.3B, and effects a logical
Operation between the signal S6 and the digitzl video signal
S8, whereby the digital video signal S8 is coﬁve;fgd into
digital video signal data series DO, D1, D2, (where the
digital video signal S8 is digitized to indicate waveform
Constituents as it is and as inverted alternately every one
horizontal period) as shown in Fig.3AA to be outputted to

@ D/A converter 59.

The D/A converter 59 receives at its referential
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< fulli-scale voltage
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voltage input terminal WREF an input

VFS that has been adjusted by means c¢f +the wvariable

resistance Rl, and based on the input, converts the inputted

video signal data series DO, Dl, T2, e+ into a

corresponding analog signal, so as to form a video signal
§9 having a waveform with the full-scale vocltage VFSas a

peak value as shown in Fig.3C.. The thus generated signal

S9 is cutpuited from an output terminal VOUT to a

(+)terminal of the amplifier AMPI.
The amplifier AMP1 subtracts the signal S11 from the

signal S9, and the resultant is outputted as a signal S12

to a (+)terminal of the amplifier AMP2. The signal S9 has

a waveform shown in Fig.3C and the signal S11 multiplied by

(-1) takes a waveform shown in Fig.3D. Accordingly, the

signal S12 will have a waveform shown in Fig.3CC formed by

the sum of the waveform shown in Fig.3C and the waveform

shown in Fig.3D.
The amplifier AMP2 subtracts the signal S13 from the

signal S12, and the resultant is outputted as a videeo signal

S14 to the liquid crystal display device/optical converting

section 37. This video signal S14 corresponds to any one

of the video signals SR, SG and SB. The signal S$12 has a

waveform shown in Fig.3CC, and the signal S13 multiplied by

(-1) takes a waveform shown in Fig.3E. Therefore, the
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gignal S14 will have a waveform shown in Fig.3F forme:
the sum of the waveform shéwn in Fig.3E and the waveform
shown in Fig.3E.

As mentioned abcve, it is difficult for the
conventional white-balance adjustment to inhibit the color
unevenness in the image cccurring due to the dispersion of
individual device elements on the display image. On the
other hand, the object of Japanese Patent Application Laid-
Open Sho 63 No.37,785 cited above is to make correction
between liquid crystal display panels arranged, therefore
no irregularity or unevenness within the image cannot be
corrected.

Besides, in accordance with the configuration shown in
Fig.l, a display apparatus is constructed by three liquid
crystal display devices for red, green and blue (which will
hereinafter be referred to as R, G and B, respectively, and
the three color, red, green and blue will be referred to as
RGB.) having three respective circuits one for each.
Therefore, these circuits are to involve dispersion in their
Circuit constants, and the three liquid crystal display
devices must also have dispersion in volt age— ransmittance
Characteristics. Such dispersion causes disadvantageous
effects such as coloring an area that should be displayed
in achromatic color like black and white. This disadvantage

neceSSLtates individual adjustment of the offset voltage VOF
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and the full-scale voltage VFS for ea
r ch circuicz.
I? the prior art, +*his adjustment zrsquired th
following procedures. Initially, data-input ‘d .
| input is made oIf
pridetermlned projectad image such as, fcr example, a b’;r:
a : e .
pattern for making pure white display on an entire image
screen. Then i - o
e ’ wézle the projected output generated by the
- ?verSLOn from the read data image should be
Signale using a chromaticity meter 58, the amplitude of.the
s .
provided for the liquid crystal devices and the

bias, more ¢ the ful cale vol th
learly, e l-scale voltage VFS and e
offset volta VOF for v b4
e
g each device should be controlled b
e

] Y
g g

block, s
’ Oas i
to adjust the color-balance such as black
ack and

white.

However b boh .o
this Q b o ine
. p Cedure requ:i.res an ex emel )4 £fi

. . ’ i- iCUl
cl 1Y [ Jma t 1 ' h . q s )

Operator
to take
a very long time for the adjustment
nt, posing

& diffi
fficulty in production.
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SUMMARY OF THE INVENTIC

The present inventicn is to eiiminate the above
problems and it is thersfore an object of the present
inventicn to provide a pro _,ected image displaying apparatus
wherein irregularity and unevenness on an image screen is
eliminated by making correction in accordance with the
chromaticity distribution on the image screen and provide
a correcting méthod for the apparatus.

Another cbject of the present invention is to provide
a dlsplay:mg apparatus capable of automatically conducting
chromaticity adjustment and a system therefor.

In order to achieve the above objects, the present
invention is configurated as follows.

Fir.st of all, a projected image displaying apparatus
of the present invention for forming images by projecting
on a screen three kinds of lights corresponding to the
primary color components of video signals, comprises:

chromaticity measuring means for measuring chromaticity
at arbitrary coqrdinate points on the screen;

first operating means for calculating first corrective
data on each of the primary color components uniquely £rom
the chromaticity at the coordinate points measured by the
chromaticity measuring means:
memory means for storing the first corrective data in

a8ssociation with the coordinates of the points at which

i

heet Has Been Replaced

[T




- 12 -

chromaticity has been measurad;

second operating means reading out the first corrective
data in association with a plurality of coordinate pcints
from the memory means and calculating, based cn the read-out
first corrective data, second corrective data used for
correctively modulating video signals to be applied to
display elements emitting three primary color components in
order to form picture elements at which no measurement of
chromaticity was made; and

correctively modulating means, preparing video
correcting signals for three primary color components based
on the first and second corrective data calculated by the
first and second operating means and mcdulating original
video signals with the prepared video correcting signals.
In accordance with the present invention, a method for
correcting color unevenness in a projected image displaying
apparatus for forming images by projecting on a screen three
kinds of 1lights corresponding to the primary color
components of video signals, includes the steps ogj
measuring chromaticity at arbitrary coordinate points
on the screen (first step):

calculating first corrective data on each of the
pPrimary color components uniquely from the chromaticity at

the coordinate points measured in the first step (second

Step) : L B .
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storing the first corrective data into memory means in
association with the ccordinates of the points at which
chromaticity has been measured (third step):

reading out the first corrective data in assocciation
with a plurality of coordinate points from the memory means
and calculating, based on the read-out first corrective
data, second corrective data used for correctively
modulating video signals to be applied to display elements
emitting three primary color components in order to form
picture elements at which no measurement of chromaticity was
made (fourth step); and

preparing video correcting signals for three primary
color components based on the first and second corrective
data ca}culated in the second and fourth steps and
modulating original video signals by the prepared video

correcting signals (fifth step).

In accordance with another aspect o©of the present
invention, a projected image displaying apparatus further

includes:

voltage varying means capable of separately changing
the amplitude voltages and bias voltages of video signals
outputted to the display elements; |

controlling means outputting control information for

controlling the voltage varying means; and

memory means storing the control information outputted
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- from the ccntrolling means.
Further aspect of the prasent inventicn lies in that
a projected image displaving apparatus, includes:

a projected image displayving unit comprising:

voltage varying means capable of separately
changing the amplitude voltages and bias voltages of
video signals outputted to display elements:

first controlling means outputting first control
information for controlling the vdltage varying means;
and

memory means storing the first control
information outputted from the first controlling
means, and
a chromaticity adjusting system comprising:

chromaticity measuring means for measuring
chromaticity of light output emitted by the projected
image displaying unit; and

second controlling means outputting second
controlling signals instructing the first controlling
means to output first control information for
controlling the voltage varying means, based on the
measurement of chromaticity outputted from the
chromaticity measuring means.

In the thus constructed projected image displaying

apparatus in accordance with the present invention, the
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first operating means calculates corrective data on each of

the primary color components uniquely from the chromaticity
at any coordinate points con the screen measured by the
chromaticity measuring means. Theresaster, the thus
calculated corrective data can be stored in the memcry means
in association with the coordinates of the pcints-at which
chromaticity has been measured. Therefore, it is possible
to read out the'corfective data repeatedly fcr reference oOr
utilizing it for calculative operatiocn.

The second operating means can calculate, based on the
read-out first corrective data in association with a
plurality of coordinate points from the memory means, second
corrective data used for cbrrectively mcdulating video
signals to be applied to display eleﬁénts emitting three
primary color components in order to form picture elements
at which no measurement of chromaticity was made.

The first and second corrective data calculated by the
first and second operating means are constructed so that
when a projected image is reproduced on the screen based on
these data, both the first and second corrective data will

not cause any color irregularity or unevenness one another.

Therefore, it is possible to obtain projected images free
gy from color wunevenness by allowing the correctively
N modulating means to prepare video correcting signals for

three primary color components from the total corrective
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data and modulata each cof original video signals

corresponding to respective three primary colors based cn
the prepared videc correcting signals.

In accordance with a method for correcting color
unevenness in a projected image displaving apparatus of the
present invention, the first corrective data on each of the
primary color components is calculated at second step
uniquely from the chromaticity at arbitrary coordinate
points measured at the first step. Thereafter, at fourth
step, based on the first corrective data in asscciation with
a plurality of coordinate points calculated in the second
step, calculation can be executed of the second corrective
data used for cofrectively modulating, video signals to be
applied to display elements emitting three primary coloxr
components in order to form picture elements at which no
measurement of chromaticity was made.

The first and second corrective data calcuiated in the
second and fourth steps are constructed so that when a
projected image is reproduced on the screen based on these
data, both the first and second corrective data will not
cause any color irregularity or unevenness one another.
Therefore, it is possible to obtain projected images free
from color unevenness at fifth step by preparing video
correcting signals for three primary color components from

the total corrective data and then modulating each of
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primary colors based on the preparsd videc correcting
signals.

Further, in the projected image displaving apparatus
of the present invention, the voltage varving means is
capable of separately changing the amplitude voltages and
bias voltages of video signals outputted by display
elements. In addition, the controlling means may ocutput
control information for controlling the voltage varying
means SO as to allow the display elements to change the
ocutput amplitude voltage and bias voltage following proper
procedures, to thereby obtain projected images having
optimal chromaticity. Moreover, by virtue of the memory
means, it is possible to keep the control information as
non-volatile memory that allows the reproduction of the
projected images having the optimal chrcmaticity.

The operation of the chromaticity adjusting system in
the projected image displaying apparatus of the present
invention can be descried as follows. _

Initially, in the projected image displaying apparatus,
the voltage varying means is capable of separa tely changing
the amplitude voltages and bias voltages of video signals
outputted by display elements. In addition, the first
controlling means may output first control information for

Controlling the voltage varying means so as to allow the
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display elements to change the cutput amplitude vcltage and
bias voltage following proger procedures, to thersby obtain
projected images having optimal chromaticity. Mcreover, by

irtue of the memory means, it is possitle to keep the
control information as non-volatile memory that allows the
reproduction of the projected images having the optimal
chromaticity.

Based on the measurement by the chromaticity measuring
means on the chromaticity of light output from the projected
image displaying apparatus, the second control means may
output second controlling information to the first
controlling means so as to instruct the first controlling
means tO output the first controlling information for

controlling the voltage varying means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a block diagram showing a circuit for
generating video signals provided for a conventional liquid
crystal display device: _

Fig.2 is a circuit diagram showing an analog converting
circuit shown in Fig.l;

Fig.3A is a waveform diagram showing a projected image
signal generated by the conversion in an analog converting

- circuit shown in Fig.2;

Fig.3B is a waveform diagram showing a projected image
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circuit shown in Fig.2;

Fig.3AA is a waveform diagram showing 2 proiected image
signal generated by the conversion in an analcg converting
circuit shown in Fig.2;

Fig.3C is a waveform diagram showing a projected image
signal generated by the conversion in an analcg converting
circuit shown in Fig.2:;

Fig.3D is a waveform diagram showing a projected image
signal generated by the conversion in an analog converting
circuit shown in Fig.2;

Fig.3CC is a waveform diagram showing a projected image
signal generated by the conversion in an analog converting
circuit ghown in Fig.2:

Fig.3E is a waveform diagram showing a projected image
signal generated by the conversion in an analog converting
circuit shown in Fig.2;

Fig.3F is a waveform diagram showing a projected image
signal generated by the conversion in an analog converting
Circuit shown in Fig.2;

Fig.4A is a chart showing a relation between input and
Qutput in a logical circuit:

Fig.4B is a chart showing a relation between input and
Cutput in a logical circuit:

Fig.4C is a chart showing a relation between input and
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output in a logical circuit;

Fig.5 is a diagram shcwing positions of chromaticity
measuring points on a liquid crystal display screen as an
embodied example of the present inventicn.

Fig.6 is an illustrative view showing a positicnal
relation of the optical arrangement in an embodiment of the
present invention;

Fig.7 is a perspective view showing the structure of
a liquid crystal projected image displaying device used for
the means shown in Fig.6:

Fig.8 is a circuit block diagram used in an embodiment
of the present invention;

Fig.9 is a diagram showing a positional relation on a
liquid crystal display screen used in an embodiment of the
present invention, and the relation between points at which
chromaticity has been measured and points £for which
corrective data is calculated by the linear interpolation;

Fig.1l0 is circuit block diagram showing for organizing
another embodiment of the present invention;

Fig.ll is a circuitry diagram of an analog converting
circuit for used in the circuit shown in F;g.lo;

Fig.12A is an illustrative view showing one relation
of optical arrangement in the embodiment shown in Fig.10;

Fig.1l2B is an illustrative view showing another

relation of optical arrangement in the embodiment shown in
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Fig.13A is a wavefcrm diagram showing a video signal

Fig.10:;

used when chromaticity adjustment for "white" is conducted
in the embodiment shown in Fig.1C;

Fig.13C is a waveform diagram showing a video signal
used when chromaticity adjustment for "white" is conducted
in the embodiment shown in Fig.10;

Fig.13F is a waveform diagram showing a video signal
used when chromaticity adjustment for "white" is conducted
in the embodiment shown in Fig.10:

Fig.13B is a waveform diagram showing a video signal
used when chromaticity adjustment for "white" is conducted
in the embodiment shown in Fig.10:

Fig.14 is a chart showing an applied voltage-
transmittance characteristic curve in a liquid crystal
display device;

Fi1g.1l5 is a descriptive view of controlling procedures
shown on the chromaticity chart when chromaticity adjustment
for "white"” is conducted in the embodiment shown iE_Fig.IO:

Fig.16A is a table showing controlling procedures to
be preset and corresponding colors to bg controlled for
respective regions on the chromaticity chart when the
Chromaticity for "white" is to be adjusted in the embodiment

shown in Fig.10;

Fig.16B is a table showing controlling procedures to

I
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be preset and cocrresponding coclors to be controlled for
respective regicns on the chromaticity chart when the
chromaticity for "black" is to be adiusted in the embodiment
shown in Fig.1l0;

Fig.l7A is a waveform diagram showing a video signal
used when chromaticity adjustment for "black" is conducted
in the embodiment shown in Fig.10;

Fig.l7C is a waveform diagram showing a video signal
used when chromaticity adjustment for "black” is conducted
in the embodiment shown in Fig.10;

Fig.l7F is a waveform diagram showing a video signal
used when chromaticity adjustment for "black" is conducted
in the embodiment shown in Fig.10:

Fig.17B is a waveform diagram showing a video signal
used when chromaticity adjustment for "black" is conducted
in the embodiment shown in Fig.10; and

Fig.18 is a descriptive view of controlling procedures
shown on the chromaticity chart when chromaticity ad justment

for "black" is conducted in the embodiment shown in Fig.10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Initially, Fig.5 shows an example of chromaticity
measuring points on a liquid crystal display screen shown
8s an example of an embodiment of the present invention, and

Fig.6 is an illustrative view showing a positional relation
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of component used in the measurement. In this measurement,

it is preferable to perforh correction of dispersion of
chromaticity in the liquid crystal display device under a
circumstance allowing as great a transmittance of liquid
crystal as possible. Therefore, the following operaticn of
correction for chromaticitf is to be made using a ‘white'
projected image for measuring light output in order to
determine chromaticity distribution on the display image
screen.

Designated at 33 in Fig.6 is an eleméntal array of a
liquid crystal projected image displaying apparatus in
accordance with an embodiment of the present invention, and

this elemental array 33 has a structure as shown in Fig.7.
The structure shown in Fig.7 includes color filters 40,
liquid crystal 42, diodes 44, pixel electrodes 45, a pair
of polarizing plates 47 and 50, and a pair of glass
substrate 48 and 49. Here, reference numerals 43 and 46
denote white light rays emitted from a light'source 32 and
a scan line, respectively. As well known, one element is
disposed in an area where one pixel electrode 45 occupies,
and serves to present one color of three primary colors RGB.
Three RGB color light beams emitted from three different
elements each presenting one of RGB colors converge on a
screen 1 to be recognized as one picture element. The

brightness of each of RGB colors is controlled by varying
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change the transmittance of 1liquid czystal <to thereby
control the intensity of light that passes through the
liquid crystal.

In Fig.6, reference numeral 34 designates an cptical
system composed of lenses and mirfors,-etc., and serves tO
converge the RGB light on thé screen 1. More specifically,
white light emitted from the light source 32 passes through
the liquid crystal projected image displaying elemental
array 33, in which a number of light beam sets are formed
such that each light beam set has RGB light components and
is adjusted in light intensity to produce one picture
element. The thus formed light beam sets containing RGB
components are focalized on the screen 1 through the optical
system 34 to form an image thereon. The thus formed image
is observed by an user from an observing direction 35.

Unillustrated sensor portions of a éhromaticity meter
36 locate at positions wherein picture elements on the
screen 1 are to be measured on chromaticity. The
chromaticity meter 36 measures chromaticity of the picture
elements to be measured and outputs the data of the
chromaticity measurement fo£‘ each picture element to 2
liquid crystal projected image display elemental array
controlling section 37 through a chromaticity data signal

path 38. It should be noted that the chromaticity data
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signal path 38 can be formed of not only a wired méans‘s:;
also of a wireless means using such as infrared carrier wave
ignals, etc. )
-~ Referring next to Fig.3, a light beam set CompCSéd c;
RGB 1light components having passed through the l::u:s
crystal projected image displaying elemental array 3 e;-
. . .
projected on the screen 1 so as to form a p;cfure e:e:al
a2z presenting a certain color specified by the video sign l.
A number of such picture elements a2 are arranged closely
in both horizontal and vertical directions to form an lmagf;
Thus, the user recognizes composition of picture'el%men;-
a2 arranged on the screen 1 as an image. In th%s jma?
forming, the 1liquid crystal projected image dlspTaY?i:
elemental array 33 creating a projected image of ?lctq;o
elements.az plays a major role but, it is impossxble.
manufacture a liquid crystal projected image dlsp%ayfn:
elemental array 33 which is completely free from varlat:or
of output light intensity in all the pixels. In ?t e
words, each pixel of the liquid crystal projec?id lmagi
displaying elemental array 33 inevitably differs more :
less in output light intensity from the othgr part th%rior,
this variation in output light intensity causes pfcbu:e
elements a2 to be different in chromaticity, giving rise gz
Color unevenness. Accordingly, controlling process ©

M sy
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equally from every micro-region compesed of picture slements
a2, and the thus selected picture elements 2 are measured
on chromaticity. The measurement is fed back to the video
signals applied to the three liquid crystal projected image
display devices forming respective RGB cclors. By this feed
back, the video signals for producing the rest unselected
_picture elements a2 are corrected so that the light output
may be increased or decreased, to thereby eliminate
chromaticity difference among picture elements a2.

In the selection of picture elements 2 to be measured,
horizontal 1lines 3 arranged at a certain interval and
vertical lines 4 arranged at a certain interval are formed,
and picture elements occupying in the intersecting points
therebetween arranged as lattice points may be selected as
picture elements 2 to be measured on chromaticity. The

chromaticity meter 36 is constructed such that a

chromaticity meter element locates at each of the thus

selected pictu;e elements 2 and measures the chromaticity.

Here, a picture element 2 measured on chromaticity will be
represented by coordinate point (U, W), and each measurement
of chromaticity is stored in association with its coordinate
pint (U, W), and will be used for calculative operation.
Now, description will be made of the correcting method

of the video signals applied to the three liquid crystal
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projected image display devices which Zform respect Qe RGB
colors in order to prcduce the rest unselected picture
elements a2 based cn the feed back of the measurement of
chromaticity. First of all, from the chromaticity measured

for each picture element 2, corractive da=a at the pcint as

to each RGB c¢olor is calculated. Then, corrective data on .

each RGB color for a picture element a2 at which no
measurement on chromaticity was made is calculated by
effecting a linear interpolating approximation on the basis
of corrective data od each RGB cclor for the nearest four
grid points enclosing the picture element a2.

Next, description will be made on the calculation for
determining corrective data on each of G, B and R signals
at a measured picture element 2 from the chromaticity data
measured at the picture element 2. |

Provided, for example, that a picture element 2
designated by the coordinates (U, W) on the screen 1
presents chromaticity measurement data (x, y), corrective
data <G>, <B> and <R> can be uniquely defined;_by the

following expressions:-

<G> = ax + by eee (1)
<B> = cx + dy ves (2)
<R> = ex + £y see (3)

where a, b, ¢, d, e and f are constants.

Here, it should be noted that all the corrective data

'
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<G>, <B> and <R> menticred above can alsc te determined by
a calculating means ocutside the apparatus.

Fig.8 shows a blcck circuit diagram used in a first
embcdiment of the present invention. Wwith reference to
Fig.8, descripticon will be made in detail on a calculation

rccess of determining three RGB color corrective data for

forming a picture element a2g shown in Fig.9, based on the
fed back corrective data <G>, <B> and <R> obtained as
above. The thus determined RGB color corrective data are
used to correct the three video signals respectively applied
to three liquid crystal projected image display elements
respectively serving to display RGB colors to be composed
so as to form a picture elements a2g.

A corrective data writing circuit 3 picks up
chromaticity measurement (x, y) by the chromaticity meter
36 for a picture element 2 at the coordinates (U, W) on the
screen 1, and calculates corrective data <G>, <B> and <R>
Sased on the formulae (1), (2) and (3) to store the result
into respective corrective data memories 7, 8 and 9:_ At the
same time, the corrective data writing circuit 5 generates
address information AD {(U, W)} corresponding to the
Soordinates (U, W) of the picture element 2 on the screen,
=0 output the address information together with the
Salculated corrective data <G>, <B> and <R> to the

scrrective data memories 7, 8 and 9. R

i
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A corrective data storing secticn 28 is ccmposéd cs
corrective data memories 7, 8 and 9, ané receives addresses
AD ((U.W)} from the corractive data writing circuit 3, each
of which designated an address in correspcnding ccrrective
data memory 7, 8 or 9. The corrective data storing secti
28 is also fed with the corrective data on each chromaticity
<G>, <B> and <R> from the same corrective data writing
circuit 5, and stores the chromaticity data in the above-
designated addresses AD {(U.W)}.

Based on synchronizing signals H, V and clock signal
CK for the video signals for display, inputted through
respective terminals 19, 20 and 21, a memory address
generating circuit 6 recognizes the coordinates (U, W) of
a picture element a2 expected next to be reproduced as a
projected image pixel.

Now, consider, as an example, the case where the
circuit 6 recognized that a picture element a2g existing at
a coordinate point (Ug, Wg) shown in Fig.9 is expected pext
to be reproduced. 1In this case, in order to produce the
Picture element a2g, it is necessary to determine correcting
signals Sg, Sb and Sr for correctively mcdulating original
video signals SEg, SEb and SEr to be applied to liqui
crystal in respective three liquid crystal projected image
display elements respectively serving to display RGB colors.

In order to calculate the signals Sg, Sb and Sr, corrective
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data on neighboring four picture elements 2a at (Ua, Wa),
2b at (Ub, Wb), 2c at (Uc, Wc) and 2d at (Ud, Wd) enclosing
a point (Ug, Wg) are required, therefore, the memory address
generating circuit 6 generates addresses AD {(Ua, Wa)}, AD
{(Ub, Wb)}, AD {(Uc, Wc)} and AD {(Ud, Wd)} on a corrective
data storing section 28 in which corrective data <G>, <B>
and <R> for the neighboring four picture elements 2a, 2b,
2c and 24 are stored. The thus generated addresses are
outputted to the corrective data storing section 28.
Accordingly, the following relations hold.
Ua = Uc £ Ug £ Ub = Ud see (4)
Wa = Wc 2 Wg =2 Wb = Wd eee (5)
Correcting data interpolation processing circuits 10,
11 and 12 calculate corrective data <G>, <B> and <R> for
the picture element a2g, respectively by executing linear
interpolating operation using corrective data <G>, <B> and
<R> for the four picture elements 2 that enclose the picture

element a2g as in the following way and outputs the result

to D/A converters 13, 14 and 15, respectively.
20 As an example, calculations in the liner-interpolating
process as to corrective data on G-signals will be
described. A corrective data memory 7 for corrective data
on G-signals holds corrective data <Ga>, <Gb>, <Gc> and <Gd>

for picture elements 2a at (Ua, Wa), 2b at (Ub, Wb), 2c at

1J
w

(Uc, Wc) and 24 at (Ud Wd) in addresses AD {(Ua, Wa)}, AD
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{{(up, WD)}, AD {(Uc, wc)} and AD {(U&, Wd)}, respectively.
hhen these addresses AD {(Ua, Wa)}, AD {(Ub, Wb)), AD {{Vec,
‘ we)} and AD {(Ud, Wd)} are inputted from the memory address
fgenerating circuit 6, the memory 7 in turn sends out the
corrective data <Ga>, <Gb>, <Gc> and <Gd> to a corrective
data interpolation processing circuit for G-signals 10.

Since the relations (4) and (5) hold ¢n the screen 1,
it is possible to assume that the picture elements 2b and
2c exist at kth places rightward, respectively, from the
picture elements 2a and 2c. The picture elements 2c and 2d
are assumed to exist at nth places downward, respectively,
from the picture elements 2a and 2b. Further, corrective
data on G-signal at each point in Fig.9 will be assumed as
follows:-

<Ge> : corrective data on G-signal at a picture element
aZe designated by the coordinates (Ue, We) existing at mth
place downward from the picture element 2a;

<Gf> : corrective data on G-signal at a picture element
a2f designated by the coordinates (Uf, Wf) existing at mth
Place downward from the picture element 2b; and

<Gg> : corrective _data on G-signal 'at the picturse
element a2g designated by the coordinates (Ug, Wg) existing
2T jth place rightward from the picture element aZe.

In this assumption, <Ge>, <Gf> and <Gg> are given as

the following expressions:- JUR
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<Ge> = {(<Ga> - <Gc>)/n} x m + <Ga> ~ ees (5)
<GEf> = {(<Gb> - <Gd>)/n} x m + <Gd> see (7))
<Gg> = {(<Gf> - <Ge>)/k} x j + <Ge> see {3)

Here, the following relations holid:-

Ua Uc = Ue, Ub = Ud =

Ua + j = Ug, Ua + k = Ub;

Wa = Wb, Wc = Wd, We = Wf = Wg; and

Wa = Wec + n = We + m.

The corrective data interpolation processing circuit
for G-signals 10, based on the formulae (6), (7) and (8)
calculates corrective data <Ge>, <Gf> and <Gg> for G-signals
for correcting chromaticity values of the picture elements
a2e, a2f and a2g present, respectively, at points (Ue, We),
(Uf, Wf) and (Ug, Wg), to output the result to the D/A
converter 13. For the picture elements 2 at which the
measurement of chromaticity has been effected, there is no
need for calculating corrective data <G> by the linear
interpolation. Therefore, the corrective data stored in the
corrective data storing section 28 can be used as_}t is.

Correcting data <B> and <R> for B-signals and R-signals
Can be calculated using the same 1inea; interpolating
process.

A D/A converting section 30 is composed of D/A
Converters 13, 14 and 15, which receive corrective data <G>,

<B> and <R> at the picture elements 2 and a2 as digital

Thssh
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having analog values, send the result to amplifiers 15, 17
and 18, respectively.

In a correctively modulating section 31, the amplifier
16 receives an origiﬁal video signal SEg to be aprlied to
the liquid crystal projected image display device for
displaying G-color through a terminal 22. In the same
manner, the__ amplifier 17 receives an original video signal
SEb to be applied to the liquid crystai projected image
display device for displaying B-color through a terminal 23,
and the amplifier 18 receives an original video signal SEr
to be applied to the liquid crystal projected image display
device for displaying R-color through a terminal 24. These
signals are correctively modulated in amplitude through
amplification in accordance with correcting signals Sg, Sb
and Sr supplied frcm the D/A converting section 30, and the
resultant video sigrals SLg, SLb and SLr are outputted from
terminals 25, 26 and 27 to be applied to respective ligquid
crystal elements cf the liquid crystal projected display
devices forming GER cclors.

As descrizecd heretofore, chromaticity of picture
elements for regroducing the projected image is successively
corrected, so <het dispersion of chromaticity over the
entire image may e eliminated.

Fig.10 shcws 2 block circuit diagram for embodying
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another embodiment of the present invencticn. In this
figure, Y-correction circuits 33r, 53¢ and 33b are all
identical (therefore, will be generally rafarred to as "v-
correction circuit 55), and analcg circuits 36z, 36g and 56b
are all composed of an identical analog converting circuit
56 shown in Fig.1ll. With regard to the flow of the video
signals, the same flow of signals as described in Figs.l and
2 will be allotted with identical reference numerals, and
the description thereof will be omitted.

Figs.1l2A and 12B show relations of optical arrangement
of elements employed in the embodiment. Since each of the
elements has the same function as in Fig.6, the description
will be omitted by allotting the same reference numerals.
As shown in the figures, there can be considered two kinds
of optical arrangements. A case shown in Fig.l1l2A is
arranged such that the image having passed through the
transparent screen 1 is sensed by the chromaticity meter 36
or the user from an observing position 35.° Another case
shown in Fig.12B is arranged such that the image §9rmed on
the screen 1 by means of the optical system 34 is sensed by
the chromaticity meter 36 or the user from an observing
position 35.

Referring to Figs.10 and 11, description of the
procedures for adjusting chromaticity for white will be

made. Waveforms of video signals appearing herein are shown
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in Figs.13A, 13B, :13C and 13F. Input signal S8 in the
jogical circuit 62 and output digital video signal data DO,

pl, D2, **+ are graphed in Figs.4A to 4C. A micro-computes
51 outputs a control signal S3 to a system micro-computer
52, which, in turn, based on the control signal S3 received
from the micro-computer 51, outputs a signal S6 represénted
by a waveform shown in Fig.13B to the logical circuit 62,
switches SW1l, SW2 and SW3.

A Y-correction converting table (nct shown) on the y-
correcting circuit 55 is composed of random access memories
(to be referred to 'RAM' hereinafter) so as to facilitate
the system micro-computer 52 to rewrite the tabkle. This
table allows the digital video signal data DO, D1, D2, ee-
to be set up to indicate a waveform having a constant data
value FFH shown in Fig.13A, regardless of the magnitude of
the digital video signal S8 inputted as shown in the graph
in Fig.4aA. This structure eliminates the necessity of
providing a particular, separate signal generator. of
course, equivalent structures may be allowed by gfoviding
other means, for example, by using a signal generator
capable of controlling the system.

Here, a D/A converter 60 varies the full-scale voltage

VFS on the basis of a bias voltage inputted through an input

terminal VREF as a reference voltage, and outputs a signal
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§10 having the full-scale voltage VFS as a level thereof in
accordance with the instruction of a centrol signal S7
inputted at input <erminal CTRL from the system micro-
computer 52. The thus formed output signal S10 is sent to
a terminal 'a' of a switch SWl. In the similar manner, a

D/A converter 61 varies the offset voltage VOF on the basis
of a bias voltage inputted through an input terminal VREF as

a reference voltage, and outputs a signal S15 having the

offset voltage VOF as a level thereof in accordance with the

instruction of the control signal S7 inputted at an input
terminal CTRL from the system micro-computer 52. The output
signal S15 is sent to terminal 'a' of a switch SW2 and
terminal 'b' of a switch SW3.

In this while, the D/A converter 59 which receives the
digital video signal S8 and the control signal S6 as well
as accepts the signal S10 having a waveform kept always at

the full-scale voltage VFS via an input terminal VREF for

reference voltage, outputs a video signal S9 having a
waveform shown in Fig.l13C that is composed of the sum of
waveforms shown in Fig.13A and Fig.13B toward a (+)terminal
of an amplifier AMP 1. Accordingly, the &nalog converter
56 will output an video signal S14 having a waveform shown
in_Fig.lsF or a pulsing waveform having amplitude equal to

the offset voltage VOF with a reference voltage of 0V,
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regardless of the full-scale voltage VFS.

In controlling the offset vcltage VOF, which determines
the amplitude of the wuwidec signal Sl4, the systam micro-
computer 32, receiving the control signal S3 cutputtad frcm
the microfcomputer 51 and based on this signal, cutputs the
control signal S7 to a CTRL terminal of the D/A ccnverter
61 present in each analog converters 56 so as to vary the

magnit
gnitude of the offset voltage VOF outputted from a VOUT of

the D B,
/A converter 61. . Meanwhile, as the control signal S7
is also supplied to R ver
PP a CTRL terminal of the D/A converter 60
the system i v ;
)4 must be designed so as to vary only the output

offs
et voltage VOF from the D/A converter 61 without varying
the £ -

ull-scale voltage VFSoutputted from the VOUT terminal

of the D/A converter 60. Such contreolling method is
disclosed, for example, in IEEE-STD-488.

Fig.1l4 is a plot showing a relation between applied
voltage to liquid crystal and transmittance thereof for
adjusting chromaticity of white. In the fiéure,.tﬁe axis
of abscissa represents applied voltage and the axis of
ordinate represents transmittance of liquid crystal.
Specifically, when the applied voltages are at VWO, VWL,
VW2, VW3, VB3, VB2, VBl and VB0, the transmittance will
become TWO, TWl, TW2, TW3, TB3, TB2, TBl and TEO,

respectively.
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As the offset wvoltage VOF which 3is equal to the
amplitude of the videc signal Si4 applis¢ to the liguid
crystal is contrclled to be as lcw as VW3 >v operating the
analeg converting circuit 58, the transaittance of the
liquid crystal beccmes encugh high to i.::esent increased
1ilght output RAY Zrcm the liquid crystal display
device/optical converting section 357. In contrast, as
understood from Fig.l4, when the applied voltage takes a
value around VW3, the transmittance vacies considerably
largely with wvariation of the applied voltage, so that
gradation is hard to produce, andé therefcre, error arising
in quantization of transmittance of liquid crystal tends to
become large as the transmittance is adjusted by the vy-
correction.

On the othei' hand, if a little bit higher wvoltage is
applied so that the offset voltage VOF may be equal to VWO,
as understood from Fig.l4, variation in transmittance with
the change of applied voltage is small in tl:xe vicinity of
the voltage VWO, so that gradation is easy to produce, but
the 1light output RAY by the liquid crystal display
device/optical converting section 57 is too small, resulting
in pocor contrast.

The adjustment to an optimal voltage which allows

easiness of producing gradation and proper brigr}‘;ness and
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contrast has been carried out empirically, but this
embocdiment leaves the adjustment to the micro-computar 31.
More specifically, the micro-ceomputer 51 cutputs the control
signal S3 for ceontrolling procedures for preducing
gradation, and based on the control signal S3 the system
micro-computer 52 outputs control signals S7 to the analcg
converting circuit S56. The analog converting circuit 56,
based on the control signal S7, varies the video signal S14
representing the applied voltage to the liquid crystal
within a range of from VW1 to VW3 so that the transmittance
of the liquid crystal may be optimal between TWl and TW3.
The thus selected optimal value is outputted. This control
is effected in the same manner for each of three RGB colors,
independently, so as to select a condition wherein all the
three colors present the best contrast and gradation.
Fig.1l5 is a chromaticity chart. With reference to the
figure, procedures to effect chromaticity adjustment will
be explained. First of all a target chromaticity point
defining "white" is assumed to be designated by the

coordinates (Xtypl, Ytypl) on the chromaticity chart. A

gf chromaticity meter 58 measures the chromaticity of
R  unadjusted light output RAY and outputs the measurement as
__‘ a data signal S2 to the micro-computer S51. The thus
}% obtained chromaticity will be assumed to be designated by

(X, ¥) on the chromaticity chart. This point (X, Y) must
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beilong to any cr= =X regions 1), 2) and 3). Ia order <«

th

deal with any pecss-:-5 chromaticity measured, a series o
processing proceduirzs :g to have been determined in advance
for each regiorn, a-z +ne software for cecntrolling the

operation is to &7z zeen programmed in the microc-comput

If the measurszq Shromaticity point (X, Y) lies in the
region 1), this STatus is recognized by the micro-computer
51 as the follow-“g expression:-

X 2 Xtypl, and ¥ > Ytypl eee (9)

If the measuyreq Cchromaticity point (X, Y) lies in the
region 2), this Status is recognized by the micro-computer
351 as the following expression: -

X < Xtypl, and ¥ 2 x ses (10)

Alternatively, jif tne measured chromaticity point (X,
?7) lies in the region 3), this status is recognized by the
micro—computer'Sl as the following expression: -

X>vy, and Y < vtypl soe (11)

Fig.1l6A is a table showing controlling prﬂcedures to

Se preset and Corresponding colors to be controlled for
=2spective regions on the chromaticity chart when the
Zwromaticity for "white"” is to be adjusted.

As an example, jf 5 point (X, Y) satisfying the

=cndition (9) is Fecognized by the micro-computer 51, the

S%ep 1 in the row for the region 1) in Fig.l6A teaches to
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perform adjustment of G-color. Therefore, in crder to bring
Y (2 ¥typl) close to Ytypl, G-compcnent in light output RAY
must be reduced, or the applied voltage to the liquid
crystal is to be taken large sc as to increase the amplitude
of the video signal Si4. To achieve this, the micro-
computer 51 sends for the system micro-computer 52 a signal
83 so as to increase the offset voltage VOF in the analog
converting circuit 56g for G-component to thereby increase
the amplitude just mentioned. The system micro-computer 52,
having received the signal S3, sends out for the analog
conyer‘cing circuit 56g the signal S7 to thereby increase the
offset voltage VOF to be outputted as an cutput voltage VOUT
of the D/A converter 61 simultaneocusly.

By ‘the control operation described above, as G-

component o©f the light output RAY becomes small, the

i
Y

chromaticity meter 58 detects that the Y-coordinate of the

Lo LI

chromaticity reduces. The micro-computer 51 recognizes this

gl

information .through the output signal S2. The above series

ALY

of procedures will be repeated until Y-value—of the
chromaticity measurement agrees with Ytypl of the point
(Xtypl, Ytypl) defined as "white". |

Next, referring again to Fig.16A, the step 2 in the row
for the region 1) specifies to execute adjustment of R-

color. Therefore, in order to bring X (= Xtypl) close to
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typl, R-component in the light cutput RAY must be recduced,

or the applied voltage to ligquid cxrystal is tc te taken
large. To achieve this, the micro-computer 31 sends for th
system micro-computer 32 the signal S3 sc as to increase the
offset voltage VOF in the analcg convert;ng circuit 56r for
R-component. Then, the same control sequence as executed
above for G-component of the light output RAY is to be made,
and the series of procedures will be repeated until X-value
of the chromaticity measurement agrees with Xtypl of the
point (Xtypl, Ytypl) defined as "white"

If the intermediately modified point reaches other
chromaticity region in the way of the controlling operation,
the control will be made following the procedures previously
set up for the region.

Referring to Figs.10 and 11, description of the
procedures for adjusting chromaticity for black will be

made. Waveforms of video signals appearing herein are shown

8

in Figs.17A, 17B, 17C and 17F. The system micro-computer

B
e

52, based on the control signal S3 received from the micro-

computer 51, outputs a signal S6 represented by a waveform

shown in Fig.l17B to the logical circuit 62, switches SW1,
SW2 and SW3.

The y-correction converting table on the Y-correcting
circuit 55 composed of RAM's allows the digital viéeo signal

data DO, D1, D2, ... to be set up toc indicate a waveform
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regardless of the magnitude of the digital video signal S8
inputted as shown in the graph in Fig.4B.

The D/A converter 59 which receives the digital video
signal S8 and the control signal S6 as well as accepts the
signal S10 having a waveform kept always at the full-scale

voltage VFS via an input terminal VREF for reference

voltage, outputs a video signal S9 having a waveform shown
in Fig.l7C that is composed of the sum of waveforms shown
in Fig.l7A and Fig.17B toward the (+)terminal of the
amplifier AMP 1. Accordingly, the video signal S14 which
the analog converter 56 outputs has a waveform shown in
Fig.l7F or a pulsing waveform having amplitude equal to the

sum of the offset voltage VOF and the full-scale voltage VFS

with a reference voltage of OV. Since the offset voltage

VOF has been already determined when the chromaticity for

white was adjusted, it cannot be varied. Therefore, the

amplitude of the video signal S14, or the sum of VOF and VFS

depends on the full-scale voltage VES.

In controlling the full-scale voltage VFS, the system
micro-computer 52, receiving the control sigﬁal S3 cutputted
from the micro-~computer 51 and based on this signal, outputs
the control signal S7 to the CTRL terminal of the D/A

converter 60 present in each analog converters 56 so as to

i o 8 e
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vary the magnitude of the full-scale voltage VFS cutgutted

from a VOUT of the D/A ccnverter 350. Meanwhile, as the
control signal S7 is also supplied to the CTRL terminal of
the D/A converter 61, the system is designed so as to vary
only the output full-scale voltage VFS £rom the D/A converter
60 without varying the offset voltage VOF outputted from the

VOUT terminal of the D/A converter 61.

Subsequently, chromaticity adjustment to black will be
described with reference to Fig.14 which graphs the relation
between applied voltage to liquid crystal and transmittance
thereof for adjusting chromaticity.

As the sum of the offset voltage VOF and the full-scale
voltage VFSwhich is the amplitude of the video signal S14

to be applied to liquid crystal is controlled to be as high
as VB3, the transmittance of liquid crystal becomes enocugh
low to present reduced light output RAY from the liquid
crystal display device/optical converting section 57. In
contrast, as understood from Fig.l4, when the applied

voltage takes a value around VB3, the transmittance varies

considerably largely with variation of the applied voltage,

so that gradation is hard to produce, and fhe:efore, error
arising in quantization of transmittance of ligquid crystal
tends to become large as the transmittance is adjusted by

the y-correction.
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On the other hand, if a little bit higher wvoltage is
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applied so that the sum of the ocffset veitage VOF and the
full-scale voltage VFS may ke equal to VWO, as understcod
from Fig.l4, variation in transmittance with the change of
applied voltage is small in the vicinity of the voltage VBO,
so that gradation is easy to produce, but the light output
RAY by the liquid crystal display device/optical converting
section 37 is too great, resulting in poor contrast.

This adjustment also is left to the micro-computer S1.
More specifically, the analog converting circuit 56, based
on the control signal S7, varies the wvideo signal S14
representing the applied voltage to the liquid crystal
within a range of from VBl to VB3 so that the transmittance
of the liquid crystal may be optimal between TB1l and TB3.
The thus selected optimal value is ocutputted. This control
is effected in the same manner for each of three RGB colors,
independently, so as to select a condition wherein all the
three colors present the best contrast and g;adation.

Next, Fig.l8 shows a chromaticity chart—  With
reference to the figure, procedures to effect chromaticity
adjustment will be explained. First of all a target
chromaticity point defining "black"” is assumed to be
designated by the coordinates (Xtyp2, Ytyp2) on the

chromaticity chart. The chromaticity meter 58 measures the

wue YA Py caeprd
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chromaticity of unadjusted light cutput RAY and outputs the
measurement as a data signal S2 to the micro-ccmgputer 31.
The thus obtained chromaticity will be assumed to be
designated by (X, Y) on the chrcmaticity chart. This point
(X, ¥) must belong to any one of regicns 4), 5) and 6). In
order to deal with any possible chromaticity measured, a
series of processing procedures is to have been determined
in advance for each region, and the software for controlling
the operation is to have been programmed in the micro-
computer S51.

If the measured chromaticity point (X, ¥Y) lies in the
region 4), this status is recognized by the micro-computer
51 as the following expression:-

X s Xtyp2, and Y s Ytyp2 see (12)

If the measured chromaticity point (X, Y) lies in the
region 5), this status is recognized by the micro-computer
51 as the following expression:-

X £ Y, and Y 2 Ytyp2 eee (13)

Alternatively, if the measured chromaticity point (X,
¥) lies in the region 6), this status is recognized by the
micro-computer 51 as the following expression:-

X > Y, and Y > Xtyp2 see (14)

Fig.16B is a table showing controlling procedures to

te preset and corresponding colors to be controlled for

respective regions on the chromaticity chart when the
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chromaticity for "black" is to be adjus<tad.

As an example, if a peoint (X, Y) satisfying the
condition (12) is recognized by the micro-cocmputer 5i, the
step 1 in the row for the region 4) in Fig.l16B teaches to
perform adjustment of G-color. Therefore, in crder to bring
Y (s Ytyp2) close to Ytyp2, G-component in light output RAY
must be increased, or the applied voltage tb the liquid
crystal is to be made small so as to reduce the amplitude
cf the wvideo signal S1l4. To achieve this, the micro-
computer 51 sends for the system micro-computer 52 a signal

S3 so as to increase the offset wvoltage VOF in the analog

converting circuit 56g for G-component to thereby reduce th
amplitude just mentioned. The system micro-computer 52,
having received the signal S3, sends out for the analog
converting circuit 56g the signal S7 to thereby reduce the

offset voltage VOF to be outputted as an output voltage VOUT

of the D/A converter 61 simultaneously.

By the control operation described above, as G-
component of the light output RAY becomes large, the
chromaticity meter 58 detects that the Y-coordinate of the
chromaticity increases. The micro-computer 31 recognizes
this information through the output signal S2. The above

series of procedures will be repeated until Y-value of the

chromaticity measurement agrees with Ytyp2 of the point
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Next, referring again to Fig.16B, the step 2 in the row

o

(Xtyp2, Ytyp2) defined as "black".

for the region 4) specifies to execute adjustment of R-
color. Therefore, in order to bring X (< Xtyep2) close to
Xtyp2, R-component in the 1light output RAY must be
increased, or the applied voltage to liquid crystal is to
be made small. To achieve this, the micro-computer 51 sends
for the system micro-computer 52 the signal S3 so as to
reduce the offset voltage VOF in the analog converting
circuit S56r for R-component. Then, the. same control
sequence as executed above for G-component of the light
output RAY is to be made, and the series of procedures will
be repeated until X-value of the chromaticity measurement
agrees with Xtyp2 of the point (Xtyp2, Ytyp2) defined as
"black". 1In this connection, if the intermediately modified
point reaches other chromaticity region in the way of the
controlling operation, the control will be made following
the procedures previously set up for the region.

When the control described above has been accomplished,
the 51 send out for the 52 a control signal S3 which
indicates that the values of control signals S7 representing
respective optimum offset voltage VOFand full-scale voltage

VFS for each color should be stored so as to reproduce these

values at any time. The 52, in accordance with the control

|l
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signal S3 inputted, outputs a data signal S5 bearing the
information on the values of control signals S7 to a non-
volatile memory 53 so as to store <=he data therein.
Hereinafter, the thus stored voltage values will be
maintained without wvanishing, and will be read out as
required as a data signal S4 to reproduce cptimal offset

voltages VOF and full-scale voltages VFS.

The transmission of the control signal S$3 from the 51
to 52 can be effected by not only wired means but also by
wireless means such as using infrared carrier wave signals,
etc.

Since a typical projecting apparatus includes a 52 as
standard equipment, it is sufficient to manipulate the
software as to the control of the present invention and
there is need for particular parts to be built in.

Further, it is possible to omit the 51 by providing a
52 that is enough effective to discharge the functions of
the 51. In this configuration, measurement by the
chromaticity meter S8 on chromaticity of the light output
RAY can be directly accepted by 52, so that it is possible
to realize a system at low cost still working more rapidly.

Although the above description has been made of an
embodiment using liquid crystal devices, this should be
taken as a mere example, and the present invention can be

applied to other display devices such as a CRT in place of
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In accordance with the present inventiocon, corrective

liquid crystal devices.

data on each of the primary colors is £fcrmulated by the
linear interpolating technique so that a projected image
reproduced based on the corrective data exhibits little
chromaticity difference between neighboring picture elements
formed by the display elements. Accordingly, when the
entire corrective data is used to prepare video correcting
signals having analog values for each of the primary colors
and original video signals having analog values for each of
the primary colors are mcdulated based on the obtained video
correcting signals, it is possible to inhibit dispersed
distribution on the display screen which would be caused by
the dispersion of the display elements and therefore it is
possible to obtain a projected image free from color
unevenness.

Further, in accordance with the present invention, it
is possible to markedly reduce the operations required for
chromaticity adjustment by the operators and it is possible
to assure rapid adjustment of chromaticity, regardless of
the coperator's skill.

Since few additional external equipments such as
circuits and connections are needed, the cost hardly rises.

Since the projected image display apparatus retains the

optimal chromaticity adjusted at the time of manufacture,




even if a user misuses the apparatus, there is nc risk that
the adjusted chromaticity might become ocut cf fix so as not
to recover. Therefcre, highly increased reliability cf the

apparatus can be established.

This Sheet Has Been Replaced

[




This Sheet Has Been Replaced

R S T

CLAIMS:
1. A prociected image displaving apraratus for Icrming

(9]

m————e——

images by projecting cn a screen three kinds of lights
corresponding to the primary cclor compenents cf video
signals, comprising:

chromaticity measuring means for measuring chromaticity
at arbitrary cocrdinate points on said screen:

first operating means for calculating first corrective
data on each of the primary color components uniguely from
the chromaticity at the coordinate points measured by said
chromaticity measuring means;

memory means for storing said first corrective data in
association with the coordinates of the points at which
chromaticity has been méasured:

second operating means reading out said first
corrective data in association with a plurality of
coordinate points from said memory means and calculating,
based on the read-out first corrective .data, second
corrective data used for correctively modulating video
signals to be applied to display elements emitting three
primary color components in order to form picture elements
at which no measurement of chrcomaticity was made: and

correctively modulating means, preparing video

correcting signals for three primary color compcnents based

on said first and second corrective data calculated by said

A
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£irst and second operating means and mcdulating criginal
video signals with said prepared video correcting signais.

2. A methcd for correcting colcr unevenness in a
projected image displaying apparatus for forming mages By
projecting on a screen three kinds of lights corresgending
to the primary color compenents of video signals, compr sing
the steps of:

measuring chromaticity at arbitrary coordinate points
on said screen (first step):

calculating first corrective data on each of the
primary color components uniquely from the chromaticity at
the coordinate points measured in the first step (second
step);

storing said first corrective data into memory means
in association with the coordinates of the points at which
chromaticity has been measured (third step):

reading out said first corrective data in association
with a plurality of coordinate points from said memory means
and calculating, based on the read-out first corrective
data, second corrective data used for correctively
modulating video signals to be appl;ed to display elements
emitting three primary color components in order to form
picture elements at which no measurement of chromaticity was
made (fourth step):; and

preparing video correcting signals for three primary

L c L L S *




s Sheet Has Been Replaced

B T

4 -
color components based con said first and second corrective

[9]]

data calculated in the secend and fourth steps and
medulating original video signals by said prepared video
correcting signals (£fifth step).
3. A projected image displaying apparatus according to
claim 1, further comprising:
voltage varying means capable of separately changing
the amplitude voltages and bias voltages of video signals
outputted to said display elements:
controlling means outputting control information for
controlling said voltage varying means: and
memory means storing the control information cutputted
from said controlling means.
4. A projected image displaying apparatus, comprising:
a projected image displaying unit which comprises:
voltage varying means capable of separately
changing the amplitude voltages and bias voltages of
video signals outputted to display elements:
first controlling means outputting first control
information for controlling said voltage varying
means; and
memory = means storing the first control
information outputted from said £irst controlling
meaﬁs, and

a chromaticity adjusting system which comprises:
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chromaticity measuring means for measurin
chromaticity of light output emittad by said prcijected
image displaying uni*; and

second contrclliing means cutputiing second
controlling signals instructing said first centrolling
means to output first control iInformation for
controlling said voltage varying means, based on the
measurement of chromaticity outputted freom said

chromaticity measuring means.

. _ This Sheet Has Been Repl

.

[

AN p———— e e



