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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 pos:..t:Lon depending upon colcr
render:.ng propez_‘t:.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
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¥ Field of the I'nvention The present invention relates to a. %%
oj-ected i mage displaying apparatus using a plurality of display devices,
#d--further the present invention relates to a nethod of correcting col or
levenness in a projected i mage di splaying apparatus wherein col or :
evenness over the entire display image can be corrected, and to a E
ispl ay apparatus capable of automatically effecting chromaticity :
j ustment that is to be perfornmed at a production stage, etc. (2)
scription_of the-Prior Art I'n projected image displaying
fpar at uses using a plurality of display devices, it fs required to ™
rictly -2 -

U’m-mo.ccm'-fcz-i'

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

3 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 projgcted 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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Characteristics ofwdfsp{éy el ements in order to establish

>fflorn1ty of chromaticity throughout the entire” display inmage, but the
firomaticity throughout the projected
jlependi ng upon col or

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 y-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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BTSN such a Strict control in a prOJected | mage di spl ay apparat us.
g2re is a nmethod called "white-bal ance adjusting nmethod” in which a video
fgnal is conposed of red, blue and green conponent video signals (which
.11 hereinafter be referred to as R-signal, Gsignal and
B-signal, respectively), and anplitude of each conponent is variable so
hs to effect gain-control, whereby chromaticity can be

. g .- ) 4 )
| crystal display device/optical converting secticn 37.

The liquid crystal display device/cptical ccnverting
section 57, based on the inputted videc signal SR, SG and

SB, reproduces an image and emits light ocutput RAY.

it

5 A chromaticity meter receives the 1ighTt output RAY

emitted as an image from the 1liquid crystal display

Y b

device/optical converting section 37, and measures the
chromaticity thereof to indicate the measurement. Here, for

convenience of description, liquid crystal display device

o e st AR

0 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

e w————

5 level and inverts its polarity for every horizeontal line.

Next, description will be made of converting procedures
of signal waveforms in the analog converting circuits 56z,
- 56g and 56b. Fig.2 is a circuit diagram of the analog

converting circuit 56. There are three analog converting

—

3 circuits 56 on the diagram shown in Fig.l, namely, analog
converting circuit 56r for processing the R-signal, analog
converting circuit 56g for processing ‘the G-signal and

analog converting circuit 56b for processing the B-signal. 1

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

¢
i
-
A
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G
b

video signals for different points in 56. Sheet Has Been Replaced
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s usted roughly throughout the entire inage. - Japanese Pat ent
Application Laid-Open Sho 63 No. 37,785 discloses a nethod of correcting
funevenness of |um nance and . chromaticity arising in a case where an inmage
gscreen is forned by arranging a plurality of liquid crystal display

Ppanel s. This nethod conprises the steps of: measuring each |iquid crystal
gdi splay panel in its real nounted state on |ight intensity; generating
gdata on uniformty ratio of illum nance for each liquid crystal display

igyanel on the basis of the obtained |ight intensity so as to store the
Fyenerated data in the nenory; and executing a cal cul ati-ve. opération based
DN t he stored data and projected i nrage 8ata
As shown in Fig.3B, a2 zcntrol signal S8 has a wavefcrm
taking a peak value, cor voltage H fcr 'High' level and
taking another peak value, ¢r voltage L for 'Low' level, and
alternating between 'High' level and "Low' level,
5 periodically. This signal is inputted into a lcgical
circuit 62, switches SW1l, 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
|0 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
S disconnected with respective terminals 'b’'.
In the switch SW1l, the terminal 'a’ is applied with a
r 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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Fiquid crystal display panel so as to display a uniform projected
Now, a conventional chronaticity adjusting, nethod wll Dbe.
fed with reference to Fig.1, which is a block

gagr am showing a circuit for generating video signals to

-5 -
of an amplifier AMPL. The signal S11 inputted to the
(-)terminal of the amplifier AMPl is thexrsin multiplied by

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

In the switch Sw2, the terminal 'a' is applied with an
offset voltage VOFb“at is adiusted by a variable resistance
R2 whereas the terminal 'b' is grounded. As previcusly

described, the terminals 'a' and 'b' are alternately

.n1.}_”wwu

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 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
5 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

one another, or more specifically, when the signal S16 stays
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converting.circuits a54r, ab4g and a54b in.the proj.ected

.oe'proce55|ng section 54 to be forned into ‘quantized digital video

fnal s SIR, S1G and S1B, which are in tarf -

Ut

. ‘, e ot
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19

©of an amplifier AMPl. The signal Sil inputtad tc the

(-)terminal of the amplifier AMPl is thersin multiplied bv
(-1) <o cutput a waveform shown in Fig.3D.

In the switch sw2,'th terminal 'a' is applied with an
offset voltage VOF tha* is adjusted 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 '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 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 '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

ed for a typical liquid crystal display device. 1In this figure,
gl i ng circuits 55r, 559 and 55b are constructed identically, and
onverting circuits 56r, 56g and 56b are al so constructed al
Bl 1y li ke an analog converting circuit 56 shown in Fig. 2.

S1 having an analog value'is inputted to a projected inage
ng section 54 in which the inputted data is separated into

, Gsignal and B- signal. The thus separated signals pass

A
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pit to y-correcting circuits 55r, 55g and 55b.
gts 55r, 559 and 55b are to performy-correction for nmaking
fisation for voltage- transmittance characteristic.of |iquid -crystal
bject the inputted respective digital video signals SIR S1G and
 [err]-correction to output digital video signals Serr]R S[err]G
{err] B to anal og converting circuits 56r, 56g and 56b, respectively.
i*alog converting circuits 56r, 56g and 56b convert the inputted

al video signals S[err]R S[err]G and S[err]B into
ictrvet'y. The thus fornmed anal og-val ues _ - .

iy WAk b R i, Wil T S B SR

-7 =
at 'High' level, the signal S17 is at 'Zcw' level.
- The AMP3 subtracts the signal S17 inpu%sted intc the (-~
terminal from the signal S16 inputted into the (+)terminal,
and outputs the resultant signal S13 to a (-)%erminal c¢£ 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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fcli spl ay devi ce/ optica

gﬂay devi ce/ optical converting _
20 signal SR, SG and SB, reproduces an inage and emts |ight

&S video signal SR SGand SB to a liquid.
converting section 57. The liquid
section 57, based on the

A chromaticity neter receives the |ight output RAY

-8 -

voltage input terminal WREF an input ¢ fuli-scale voltage

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

resistance R1, and based cn <he input, cenverts 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

§9 is outputted 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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h image fromthe liquid crystal
ection 57, and neasures the chromaticity thereof

ent. Here, for .convenience of description, liquid
ce used is assuned to be of a normally white type,
the liquid crystal display device is assuned to |owerG
e as the voltage applied increases. Further assunptio
4s driven by an alternating voltage which has a center
evel and.inverts its polarity for every horizontal Iine.
ption will be nade of conyegthg'procedureé

" gignal S14 will have a wavefcrm shown in Fig.3F forme:

the sum of the waveform shcwn in Fig.3E and the waveform

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
RG3.)

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 voltage-transmittance

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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AN lll Ill




- IR

MYETorns in_the anal og converting circuits 56r, 56g and 56b.
Wa circuit diagramof the analog converting circuit 56. There are
jel og converting circuits 56 on the diagram shown in Fig.1, nanely,
kconverting circuit 56r for processing the R signal, anal og

Bhg circuit 56g for processing the Gsignal and anal og converting
>6b for processing the B-signal. Here, Figs.3A through 3F are

-showi ng waveforns of video signals for different points in 56

..........n-..-'ﬂ Il

- 0 -
and the full-scale voltage VFS for each circuiz.
In the prior art, <this adjustment required th
following procedures. Initialily, data-input is made of a

predetermined projectad image such as, fcr example, a blank

pattern for making pure white display cn an entire image
screen. Then, while the projected output generated by the
optical conversion from the read data image should be
measured using a chromaticity meter 58, the amplitude of the
signals provided for the liquid crystal devices and the

bias, more clearly, the full-scale voltage VFS and the
offset voltage VOF for each device should be controlled by

varying the variable resistance R1 for governing the full-

scale voltage VFSand the resistance of the variable resistor

R2 for governing the offset voltage VOF for each color

block, so as to adjust the color-balance such as black and

white. :
However, this procedure requires an extremely fine

adjustment and to make matters worse, it is ;ery difficult

to distinguish what resistors of which color block should

be adjusted in what degree from the observed deviation of

Chromatiqity. Therefore this method regquired even a skilled

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

LTSI PR Lol
; PRI
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2 difficulty in production.
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Fg. 3B, a control signal S6 has a wavef-orm taking a peak
age Hfor "H gh' |level and taking another peak val ue, or
'Low level, and alternating between .'High' | evel and.
¢ periodically. This signal is inputted into a |ogical
witches SW, *SW2 and SWB, and serves as a synchronizing
When the control signal S6 is at 'Hgh' level in

11
-

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 projectéé image displaying apparatus
wherein irregularity and unevenness on an image screen is

eliminated by making corrsction 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 displaying 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

association with the coordinates of the points at which

eet Has Been Replaced
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r. SW and SWB, all termnals 'c' are sinultaneously connected
ive terminals 'b' and are sinultaneously disconnected w'th
ermnals 'a".. On the other hand, when thé control signal S6 is
vel, all terminals 'c' are sinultaneously connected with

erminals "a' and are sinultaneously "disconnected with

ermnals 'b'. In the swtch SW, the terminal '"a" is
‘h a full-scale voltage VFS that is adjusted by a variable
Rl whereas the termnal 'b' is grounded. As previously
the term-nals 'a'" and 'b' -are . . - : : -
- 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
Primary color components uniquely from the chromaticity at

the coordinate points measured in the first step (second

Step) : L I
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p-connected with the termnal '"c' followng the contga
5 to aterminal 'd. Wth the alternating connectiorig

' generates a pulse having a peak value equal to the
vol wand | aunches the pulse as a signal Sl1 to ‘a negat-i-ve -

(-) ThlS Sheet Has Been Replace

LTI

- 13 - | -

alt &

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
0 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
5.15 modulating original video signals by the prepared video
b correcting signals (fifth step).
i In accordance with another aspect o©of the present
invention, a projected image displaying apparatus further

includes:

20 voltage varying means capable of separately changing

W A A

o e

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

2
3 memory means storing the control information outputted



F AMP1. The signal S11 inputted to the (-)terminal of the
is therein nultiplied by (=1)-to-eutput a waveform shown in
n the switch SW, the terminal 'a' is applied with an

VOF that is adj uaassﬂeéjylaaBWW‘:é resi stance R2 whereas

"b' is grounded. described, the termnals 'a
ternately connecte mnal 'c' follow ng the
S6 inputted to a ernlnal

_ td. Wth the alternating
he termnal 'c' generates a pul se having a peak val ue equal
f- vol t age 'VOFand | aunches the- pulse- as a si.gnal Si6 to a
termnal of an amplifier _ ;4

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

a@pparatus in accordance with the present invention, the




AMP3. |y w SWB, the termnal "b" 1s applied with an of f set

vol t agg Phat is adjusted by a variable resistance R2 whereas the

term g1 s grounded. As previously described, the termnals 'a

and g alternately connected with the termnal 'c' follow ng the

cont S6 inputted to a termnal 'd". Wth the alte+nat|ng

conj ihe termnal 'c' generates a pulse having a a% e um

to ©t voltage VOF and |aunches the pulse as a S|§ﬁ hest e ReMamd

ng g-)terminal  of the anplifier AVP3. Accordingly, th u 6
Qghronlze wi th each other, but. are_logically inve

- 15 -
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 correctlvely mcdulating wvideo
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.

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
& modulating means to prepare video correcting signals for

three primary color components from the total corrective

—
R




gher, or nore specifically, when the signal S16 stays

- 'High' level, the signal S17 is at 'Low level. The AMP3
s the signal S17 inputted into the (- )termnal fromthe signal
putted into the (+)termnal, and outputs the resultant signal S13 to

et mnal of an
This Sheet Has Been Replace
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data and modulata each cf 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 displayving 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 association with
a plurality of coordinate points calculated in the second
step, calculation can be executed of the second corrective
data used for correctively modulating. video signals to be
applied to display elements emitting three primary coloxr
cbmponents 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




F AMP2. A digital video signal S8 corresponds to any one of

¥ tal video signals SyR, SyG and SyB that have been quantized by

sutted from[err]-correcting circuit 55 r, 55g and 55b. By the way,
- correcting.circuit 55 r, 559 and 55b execute conversion of an -

S|gnal to forn1an out put in accordance with a characteristic

T's e@hBBBa@Me the digital video signal S8 is supplied
V|ng a waveformtaking a certain constant
sho a peak val ue. The logical circuit 62
ves a S|gna S6 a ternately reversing-at intervals of one -
peri od - 17 -

original videc signals corresponding to respec:tive three
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 reprcduction 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




baving a waveform shown in Fig.3B, and effects a |logical operation
®en the signal S6 and the digital video signal- S8, whereby the digital
g0 signal S8 is converted into__digital video signal data series DO DI,
& (where the digital video signal S8 is digifized to indicate waveform
tituents as it is and as invenmd SibetHisBdtaRRbMcgVEry one - hori zont al

od) as shown in Fig.3AA to be D) A converter 59.
D) A converter 59 receives at i le

.
3 - 18 -
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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 c;;verting
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




51 t age i nput term nal VREF an input of full-.scale voltage VFS t hat
:n adj usted by nmeans of the variable resi stance Rl, and based on
ut, converts the inputted video signal data series DO D1

. into a corresponding analog signal, so as to forma video

S9 'having a waveformwith the fuII-scaIe vol tage VFS as a peak

S shmdsHeRt IragBedhReplSed us generat ed si gnal -

i

signal generated by the conversion in an analcg converting

- 19 -

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
Ccircuit shown in Fig.2;

Fig.4A is a chart showing a relation between input and
Output in a logical circuit;

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

Fig.4C is a chart showing a relation between input and



outputted froman output termnal VOUT to a. (+)termnal of the
i fier AVPL. The anplifier AMPL subtracts the signal S11 fromthe
#gnal S9, and the resultant is outputted as a signal S12 to a (+)terninal
~the anplifier AVP2. The signal S9 has a waveform shown in Fig.3C and
3 signal S11 multiplied by (-1) takes a waveform shown in Fig.3D.
cordlngly the. signal ‘S12 wll have a waveform shown in Fi g.3CC forned
the sum of the waveform shown in Fig.3C and the waveform shown in

. 3D. The anplifier AMP2 subtracts the signal S13 fromthe signa
and’theé resultant is outputted as a video-signal - . " 2
- 20 -

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

et
.
~

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

N2 i
e ade

t b
Ep it e Rubasf

the means shown in Fig.6:

EEFPOITEE J

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

w5y
Hoe AL G N M s A Y

éé present invention, and the relation between points at which

chromaticity has been measured and points £for which

ey

58 corrective data is calculated by the linear interpoclation;

Fig.1l0 is circuit block diagram showing for organizing

ff' : another embodiment of the present invention;

—

Fig.ll is a circuitry diagram of an analog converting

circuit for used in the circuit shown in Fig.1l0;

DI AL TS b

Fig.1l2A 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

s Sheet Has Been Replaced
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the liquid crystal display device/optical converting section 57.

'vi deo signal Sl14 corresponds to any one of the video signals SR SG
SB. The signal

S12 has a waveform shown in.Fig. 3CC, and t he signal

plied by (-1) takes a waveform shown in Fig. 3E Therefore, the

{This Sheet Has Been Repl
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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 in Fig.1l0:

Fig.16A is a table showing controlling procedures to
be preset and corresponding colors to be 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




ave a waveformshown in Fig.3F formed the sumof the

si gnaig e
~ wavef § g in Fig.3E and the waveform shown in Fig.3SE As .
Lo.ment i 68 fove, it is difficult for the conventional white-balance
‘adj ustd .inhibit the color unevenness imn the inmage occurring due to
t he. dilg of individual device ¢hisBRE:H Qger1 egls lay i mage. On the
ot her ;

>d above is to nmake correctfi di spl ay
3d, therefore no |rregular| ess within the inage
‘rect-ed. . )
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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:}78 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



accordance with the configuration shown in Fig.1l, a display
s constructed by three liqui-d crystal display deV|ces for red,
|l ue (which will hereinafter be referred to as R, G and B,
ly,..and _the three color, red, green and blue will be referred to
havi ng three respective circuits one for each. Therefore, these
~ar e This $heebHasBeadhRepléedon in their circuit constants, and the
quid cr I devi ces nust al so have dispersion in
~tr.ansm eristics. -Such.dispersion.causes .

) ects s as coloring an area that should be dlsplaybd
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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.

F 10 Designated at 33 in Fig.6 is an elemental 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,

f 13 liquid crystal 42, diodes 44, pixel electrodes 45, a pair
'l 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

20 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

23 brightness of each of RGB colors is controlled by varying



pmatic color |ike black and white. This di sadvantage necess| ton%
pMual adjustment of the offset voltage VOF T

and the full-scale voltage VFS for each circuit. In the pPris A
i s adjustment required the follow ng procedures.—tnaitialty;- - ———7" "

put is nade of a This Sheet Has Been Replaced
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+he voltage applied to each pixel electrcde 43 sc as to

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 the 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




I proj ected i mage such as, for exanple, a blank patterpg

*“tput generated by the -optical_conversion fromthe read
be neasured using a ¢ ronat|C|ty meter 58, the anplitudé®d

Hd be controlled by varyi
e full- scale voltage VFS and the reS|stance of the variable

32 for governing the offset voltage VOF-for each col or-

Bwhite disptay on an entire image screen. Then, while tf

provi ded for the |iqui SﬁhemRaeﬁlsc@nd the bias, nore
e full-scale voltage VFS a voltage VOF for each
e resi stance Rl for

t he col or-bal ance such as hl agk .and
signal path 38 can be formed of not only a wired means but
also of a wireless means using such as infrared carrier wave
signals, etc.

Referring next to Fig.3, a light beam set compcsed of
RGB 1light components having passed through the 1liguid
crystal projected image displaying elemental array 33 is
projected on the screen 1 so as to form a picturs element
a2 presenting a certain color specified by the videc signal.
A number of such picture elements a2 are arranged closely
in both horizontal and vertical directions to form an image.
Thus, the user recognizes composition of picture elements
a2 arranged on the screen 1 as an image. In this image-
forming, the 1liquid crystal projected image displaying
elementa} array 33 creating a projected image of picture
elements a2 plays a major role but, it is impossible to
manufacture a liquid crystal projected image displaying
elemental array 33 which is completely free from variation
of output light intensity in all the pixels. In other
words, each pixel of the liquid crystal projected image
displaying elemental array 33 inevitably differs more or
less in output light intensity from the other part thereof,
this variation in output light intensity causes picture
elements a2 to be different in chromaticity, giving rise to
Color unevenness. Accordingly, controlling process of

Correcting color unevenness may be carried out as the

bl ock, - so

QEEE T
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¢ However, this procedure requires an extrenely fine adjustnent
ge matters worse, it irs very difficult to distinguish what

# of which color block should be adjusted in what degree fromthe
eviation of chromaticity. Therefore this nethod required even a
Oper-at or-to-take -a-very long time for the adjustnment, posing a

i nTrple[. gﬁléje(t"}-liag Qéen Replaced

following manner. First, a picture element 2 is selected
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equally from every micro-region compcsed 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 measuzed,
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




PO THE | NVENTI ON The present invention is to elimnate
E:-oblens and it is therefore an object of the present invention
®-proj ected i nage di splaying—apparatus. _wherein irregularity and
an i mage screen is 1@} I nat ed by meking correction in

|

ith the chromaticity }mﬁ, 'iiactae i mge screen and

i
S

rrecting method for ther
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projected image display devices which Zform respecti?e 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, corrective data at the pcint as
to each RGB color 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




Fct of the present invention is to provide a displaying
apabl e of automatically conducting chromaticity adjustnent and
Eeref or. In order to achi eve the above objects, the present
&s configurated as foll ows. First of all, a projected i mage
gxappar at us of the present invention for form ng inmages by
7 on a screen three kinds of lights corresponding to the primry
nents of video signals, conprises: chromaticity measuring
measuring chromaticity at arbitrary coordinate points on the
~ first operating nmeans for calcul-ating first corrective -

- 28 -
<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. With reference to
Fig.8, description 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

abcve. The thus determined RGB color corrective data are

Noma——s oty ae

used to correct the three video signals respectively applied

e ot

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 s

%
:

Scrrective data memories 7, 8 and 9. P
eet Has Been Replaced
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mmir-umamvvne offponent s uni quely from the
gy at the coordinate points neasured by the chromaticity
ans; menory neans for storing the first corrective data in

with the coordinates._of the points .at.which

{This Sheet Has Been Replaced
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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 secticn
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 liquid
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




has been neasured,; second operating neans reading out
rrective data in association with a plurality of coordinate
the nmenory means and cal cul ating, based on the read-out first
ata, second corrective data used for correctively nodul ating
I's to be applied to display elenents emtting three primry
nents in order to formpicture el enents at which no neasurenent
aticity was nade; and correctively nodulating neans,
- video correcting signals for three primary color cemponents
the first and second corrective data cal cul ated by tHhe
- 30 -

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 ses (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, Wec) and 24 at (Ud Wd) in addresses AD {(Ua, Wa)}, AD

heet Has Been Replacec
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operating neans and nodul ating original” video signals
vi deo correcting signals. In accordance with the
a nmethod for <correcting color unevenness in a projected
apparatus for form ng i nages by projecting on a screen
| ights- corresponding to the primary color conponents of

‘ncludes the steps of: nmeasuring chromaticity at
Fnate points on the screen (first step); cal cul ating
data on each of the primary color conponents uniquely
ticity at - e IR f -

- 31 -

.{(Ub, WD)}, AD {(Uc, Wc)} and AD {(UQ, Wd)}, respectively
hhen these addresses AD {(Ua, Wa)}, AD {(Ub, Wb)}, AD {(Uc,
 we)} and AD {(Ud, Wd)} are inputted frcm 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
a2e 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 picture
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: - e e+ e e e

Sheet Has Been Replaced
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the coor di¥,oi nts neasured in the first step (second step);

- 13 - Qoring the first corrective data into nenory neans in
associ a Eh the coordinates of the points at which chromaticity has
been nyg third step); reading out the first corrective data in

assocj
- 32 -
<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 linear 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

This Sheet
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primary

cal cul at:

si gnal &

POT coordi nat e points fromthe nenory neans and
>d on the read-out. first corrective data, second

used for correctively nodulating video signals to be
y elements emtting three primary color conponents in
cture elenents at which no neasurenent of chromatictty-was.
); and preparing video correcting symg@@etf,_?r three

onponents based on the first and second corre RGMmmc
e second .and fourth steps and nmodul ating ori Mﬁ"’
repared vi deo . .
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data, cenvert them into correcting signals Sg, Sb and Sr
having analog values, send'the result to amplifiers 16, 17
and 18, respectively.

In a correctively modulating section 31, the amplifier
16 receives an original video signal SEg to be applied 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 crystél 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 regraducing 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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- 14 - . Ol ng Nea . =—aspect of the preseéent”
I'nvent g that a prOJected i mage di spl aying apparatus, includes:

a proje & di splaying unit conprising: vol t age varyi ng
means c separately changi ng 't he anplitude vol tages and bi as

vol t agesg video signals outputted to display el ements;

-~ 35 -
in Figs.13A, 13B, :13C and 13F. Input signal S8 in the
jogical circuit 62 and output dlg-ta’ 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

This Sheet Has Bee
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e voltage varying neans; and nmenory means
g first control i nformati on outputted fromthe first
nmeans, and . a chromaticity adjusting system
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of |ight output emtted by the projected I mage di spl ayi ng

second controlling nmeans out putting second

.
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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 SW1l. 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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" cont gnal s instructing the first controlling means to out put
- firs |nfornat|on for controlling the voltage varying neans,
base measur ement of chromaticity outputted fromthe
chro pasuri ng neans. “In the thus constructed projected i mage

di spl § pparatus in accordance with the present invention, the
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regardless of the full-scale vol:tage VFS.
In controlling the offset vcltage VOF, which determines

the amplitude of the wuwidec signal Sl4, the systam micro-
computer 52, 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 converter
61 present in each analog converters 56 so as to vary the
magnitude of the offset voltage VOF outputted from a VOUT of
the D/A converter 61. ~ Meanwhile, as the control signal S7
is also supplied to a CTRL terminal of the D/A converter 60,
the system must be designed so as to vary only the output

offset voltage VOF from the D/A converter 61 without varying
the full-scale voltage VFS outputted from the VOUT terminal

of the ‘b/A converter 60. Such controlling method is
disclosed, for example, in IEEE-STD-488.

Fig.1l4 is a plot showing a relation between applied
voltage to liquid crystal and fransmittance thereof for
adjusting chromaticity of white. In the figure, the 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, TBl1 and TEO,

respectively. i e

i
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opcr & . e v Ve data U each of t he

col or conponents unlquely fronlthe chromaticity
gon t he screen nmeasured by the chromaticity nmeasuring neans.
the thus calculated corrective data can be stored in the

in association with the coordinates of the points at which

The second operating neans can cal cul ate, based on the

- 38 -

As the offset wvoltage VOF which 3is equal to the

amplitude of the videc signal Si4 applis¢ to the liguid
crystal is controclleé to be as lcw as VW3 5y ope:ating the
analecg converting cizcuit 356, the transmittance of the
liquid crystal beccmes encugh high to ;:esent increased
light output RAY Zrcm the liquid <czrystal display
device/optical converting section 357. In contrast, as
understood from Fig.l14, when the applied voltage takes a
value around VW3, the transmittance varies considerably
largely with wvariation of the applied voltage, so that
gradation is hard to produce, and therefcre, error arising
in quantization of transmittance of liquid crystal tends to
become large as the transmittance is adjusted by the y-

correction.

On the other hand, if a little bit higher voltage 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 tﬁe 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.

easiness of producing gradation and proper brightness and

The adjustment to an optimal voltage which allows
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ist corrective data in association wirth a plurality of

gPoints fromthe nenory neans, second corrective data used. for

& nodul ating video signals to be applied. to display elenents

mee primary color conponents in order to formpicture elenments

gh: neasurenent of chromaticity was nade. The first and
ective data calculated by the first and second operating neans

cted so that when a projected image is reproduced on the screen

bese data,- both the f.iirst and.second corrective data will -not

olor irregularity or unevenness one anot her. ' )
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contrast has been carried out empiricaliy, but this
embcdiment leaves the adjustment to the micro-computer 51.
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 VWl 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

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

Fod
on

(X, ¥) on the chromaticity chart. This point (X, Y) must

This Sheet Has Been Replaced’
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1t is possible to obtain projected i mages free from color

£ by éllomﬁng the correctively nodulating means to prepare video
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teiong t e =
© § o any cre :: Tegions 1), 2) and 3). In order +

th

deal with an Csz---
Y PC33.:ils chromaticit tv measured, a series o
processing p e ' ‘ ;
§ Procedirzs i3 to have been determined in advance
for each reqj
L lCl". E et ol
§iCn, =zmg the software for cecntrolling the

operation is =a-
tO Zzvs zeen programmed in the microc-computar

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 °ee (9)

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

X < Xtypl, and ¥ > X see (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>Y, and ¥ < vtypl see (11)

Fig.1l6A is a table showing controlling prncedures to
Ze preset and correspondlng colors to be controlled for
Tespective regiong on the chromaticity char; when the
-aromatlcity for "white" is to be adjusted.

As an example, if a point (X, Y) satisfying the
=Ctndition (9) ig recognized by the micro-computer 51, the

step 1 in
the row for the region 1) in Fig.l6A teaches to

TmsSheetHasBeenR
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PTidi ng to respective three primary colors based on the prepared
prrecting signals. In accordance with a nethod for correcting
Eunevenness in a projected i mage di spl ayi ng apparatus of the present
Mon, the first corrective data on -each of the primary color

ts is calculated at second step wuniquely fromthe chromaticity at
y coordinate points neasured at the first step. Thereafter, at
step, based on the first corrective data in association with a

ty of coordinate points calculated in the second step, calculation
exesuted of the second corrective data used for correctively_

ing video signals to be C S : -
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perform adjustment of G-color. Therefore, in crder to bring
Y (2 Ytypl) close to Ytypl, G-compcnent in light output RAY
must be reduced, or the applied wvoltage to the liquid
crystal is to be taken large so 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
conyerting 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

ALY

information .through the output signal S2. Thé above series
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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0 display elenents emtting three primary col or conponents in
formpicture el ements at which no  measurement of chromaticity was
v The first and second corrective data calculated in the second
¥t h steps are constructed so that when a projected image is
iIced on the screen based on these data, both the first and second. .
ve data wll not cause any color irregularity or unevenness one
Therefore, it is possible to obtain pro w;ismeetHeeBeénrRﬂmaced
correct

finevenness at fifth step by preparing vi deo ﬂl ﬂm Iﬁ“

i.mary col or conponent s from
typl, R-component in the light cutput RAY must be recduced,
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or the applied voltage to liguid crystal is tc te taken
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n
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large. To achieve this, the micro-computer 3
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
in Figs.17A, 17B, 17C and 17F. The system micro-computer
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 to indicate a waveform
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having a constant data wvalue OOH shown in Fig.l17B,

- 43 -

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

» original video stgnals corresponding to respective three primry
’s based on the prepared video correcting signals. - Furt her,

in

the -
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S rarot1T e anplitude voltages and bias voltages of
ghal s outputted by display elenents. I'n addition, the controlilng
output control information for controlling the voltage varyi ng
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tand bi as vol t age follomnﬁg proper procedures, to thereby obtain
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vary the magnitude of the full-scale voltage VFS cutgutted
from a VOUT of the D/A converter 50. 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. 1In
contrast, as understood from Fig.l4, when the applied
voltage takes a value around VB3, the transmittance varies
'considerably largely with variation o% 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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0 e chromaticity adjusting systemin the projected image
pyi ng apparatus of the present invention can be descried as foll ows.
ally, in the projected i mage di splayi'ng apparatus, the voltage ¥
thg neans i s capabl e of separately changing the anplitude voltages and
fvol t ages of video signals outputted by display elenments. In

Yion, the first controlling means may output first control

Fmat | onfiPshectRsl Baeh IReplgcdche vol t age varying neans so as to allow the

T

On the other hand, if a little bit higher voltage 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

1

is effected in the same manner for each of three RGB colors,

N
t

DRk
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R, e

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
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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, ¥) 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
¥y 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 point (X, YY) 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 voltage 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

chromat1c1ty measurement agrees with Ytyp2 of the point

Been Replaced
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(Xtyp2, Ytyp2) defined as "black".
Next, referring again to Fig.l18B, the step 2 in the row

for the region 4) specifies to execute adjustment of R-
color. Therefore, in order to bring X (< }_ityp2) close to
Xtyp2, R-component in the 1light output RAY must I;e
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




generated by the conversion in an anal og converting circuit shown
. 2 Fig.3AA is a.waveform di agram showi ng a proj ected i mage
J generated by the conversion in an anal og converting circuit shown
. 2; Fig.3Cis a waveform di agram showi ng a projected inage
3 generated by .the -cenversion in an anal og converting circuit shown
3D is a maveforn1d|agranlshomﬁng a projected image
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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 vanishing, and will be resad 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




aowaver orm di agram showi ng a proj ected i mage si gnal generated .
conversion in an anal og converting circuit shown in Fig.2; z
i s a waveform di agram showi ng a projected i nage signal generated by
gnversion in an anal og converting circuit shown in Fig.?2;

- is a waveform di agram showi ng a projected i mage signal generated by
iInversion in an anal og converting <circuit shown in Fig.2;
s is a chart showing a relation between .input. and..output-in a |ogical

L Flg 4B is a chart showing a relatlon bet ween |nput and
s Sheet Has Been Replaced
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liquid crystal devices.
In accordance with the present inventiocon, corrective

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,




1 0g! Ca e, —re—t—a—eha howi ng a rel ation
put and - - 20 - output in a-
Eircui t; Fig.5 is a diagram show ng positions of chromaticity

points on a liquid crystal display screen as an

- 51 -
even if a user misuses the apparatus, there is nc risk that
the adjusted chromaticity might become out cf fix so as not
to recover. Therefcre, highly increased reliability cf the

apparatus can be established.
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exanpl e of the present Tnvention. Fig.6 is an illustrative

howi ng a positional relation of the optical arrangenent i-n an

ment of the present invention; Fig.7 is a perspective view
80 the structure of & a liquid crystal projected image displaying <

F used for the neans shown in Fig.6; Fig.8 is a circuit bl otk
im used in an enbodi ment of the present invention; Fig.9is a
am showi ng a positional relation on a liquid crystal display screen

n an enbodi nent of the present invention, Tm@ghgehaaggéeatn rRc&Et ween

B T T

2 -
1. A prociected image displaving apraratus for Icrming

[}
(9]}

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 plctufe elements
at which no measurement of chromaticity was made: and

correctively modulating means, preparing video

correcting signals for three primary color compcnents based

on said first and seconéd corrective data calculated by said

A
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i city has been neasured and point's for whieh corrective data is
it ed by the linear i nterpol ation; Fig.10 is circuit block
M showi ng for organi zing another embodi ment of the present
g on; Fig.11 is a circuitry diagramof an anal og converting
g for used in the circuit SheBRedtRasB&nlfkp laced Fig.12A is an

i at i ve vi ew showi ng one rel at| arrangenment in the
frent shown in Fig. 10; JMM.HW‘U | ustrative view showi ng
v relation of optical arran .

nbodlnent shomn in
- 53 -

L v np e

‘3

£irst and second operating means and mccdulating criginal
video signals with said prepared video correcting signails.
2. A methcd for correcting colcr unevenness in a
projected image displaying apparatus for forming mages oy
projecting on a screen three kinds of lights corresgending
to the primary color compenents of video signals, comprising

3 the steps of:

measuring chromaticity at arbitrary coordinate points

A ik et

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);
fﬁ; 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 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

L c L L S *




fnt shown in Fig. 10;
Egnal

T

10; "Fig.13Ais a maveforn1d|agran1shomnng a V|deo S|gnal
chronat|C|ty adj ustnent for "white" is conducted in the
Fig.13C is a waveform diragram showi ng a
used when chromaticity adjustnent f.or "white" is conducted

s Sheet Has Been Replaced
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color components based con said first and second corrective

[9]]

4 -

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:

TR R O

e h
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snbodi nent

shown in F|g 10; Fig.13F is_a waveform di agram

a video signal used when chromaticity adjustment for "white" is.

bd in the

show ng
aliquid

enbodi ment shown in Fig. 10;

an applied voltage- transmttance characteristic
crystal display device;

(¢]]

- 35 -

chromaticity measuring means for measuring
chromaticity of 1light output emitted by said prcjiected
image displaying uni*; and

second contrclliing means cutputting 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 from said

chromaticity measuring means.
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Fig.13B'is a waveform
'showi ng a video signal used when chromaticity adjustnent for
IS conducted in the enbodi mrent shown in Fig.10; Fig. 14

i's

Fig.15 is a descriptive
controlling procedures shown on the chromaticity chart when
i cIty adjustnent : o e - o -



ite"
t abl e

the chromaticity for "white"

in Fi

i s conducted in the embodi nent shown in Fig. 10; Fi g. 16A
showi ng controlling procedures to be preset and correspond]
s to be controlled for respective regions on the chromaticity

g. 10; Fig.16B is a table showi ng controlling procedur

ABSTRACT OF THE DISCLOSURE:

A chromaticity meter measures chrcmaticity of light
output for each of picture elements selectsd. Calculated
from the measurement is corrective data cn each oI RGB
colors, which in turn used to calculate corrective data cn
each of RGB at unselectea picture elements. IA this methcd,
original wvideo signals for each of RGB colors will be
correctively modulated based on the thus obtained corrective
data. A projected image displaying apparatus is constructed
such that adjustment of chromaticity as to white as well as
to black frqm the measurement by the chromaticity meter of
chromaticity throughout the entire imége, is carried out
uniformly and reliably by automatic cbntrol using a micro-
computer"so as to determine optimal condition for
correctively modulating the original video signal. This
apparatus further includes means for storing the thus

obtained optimal condition in a non-volatile memory.
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is to be adjusted in the enbodi nen

arl,

g

to



e A YAl

e preset and corresponding colors to be controlled for respectlve

on the chromaticity chart when the chromaticity for "black" is to

sted in"the enbodi nrent shown in Fig.10; Fig.17A'is a wavefor

) showi ng a video signal” used when chromaticity adjustment for

is conducted in the enbddijnght shown in Fig. 10; Fig.17Cis a

di agram showi ng a vi deo ¢ gnal used when chromaticity adj ustnment
ack” is conducted
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#En-the enbodjment shown-in Fig. 10; ‘Fig.17F is. a waveform di agram
“showi ng a vifieo signal used when chromaticity adjustment for "black" is
- conduct ed t he enbodi nent shomm i'n Fig.10; Fig.17B is a waveform
di-agram shg# ng a vi deo si gnal egeﬁfeg chromaticity adjustnent for
"bl ack" isgtonducted in the enbodi hown in Fig.10; and Fig.18

is a descrffptive view of controlling procedures shown on the chromaticity
chart wheff chromaticity adjustnent for "black"” is conducted in the
[ } shown in Fig.10. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

L. i -
. . 2

FIG.2 PRIOR ART

s9 AMP1

AMP3
M/ S12 AMP2
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asurenment. In this nmeasurendat!

- 23 -

FlG.38 s

1 |y, Fig.5 shows an exanple of chromatici fy " measuring-peoints .on.a.__
-3 crystal display screen shown as an exanple of an ﬁg@gﬁii nt _of the
invention, and Fig.6'is an illustrative view show ;Im ”ﬁi

of co He
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preferable to performcorrection of dispersi.on of chromaticity in

i quid crystal display device under  a circunstance allowing as great a
mttance of liquid crystal as possible. Therefore, the foll ow ng

tion of correction for chromaticity is to be made using 'a 'white’
cted image for neasuring light Qutpat in order to determ ne

aticity distribution on the displidy i nage screen. Desi gnat ed at
Fig.6 is an elenmental array of a liquid crystal projected imge

3 ayi ng appar at us |n accordance with an enbodi nent of the present _

@@t i oni, and R e '

QUTPUT |
FFH

FIG,4A

00k FFH  INPUT

OUTPUT|
S e

4

FlG.48B

e e - o e —— __._J

OOH FFH  INPUT

OUTPUT §
FRY f-------===

FIG.4C
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OOH EEH INPUT
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el emental array 33 has a structure as shown in Fig.7. The structure
in Fig.7 includes color filters 40, Iliquid erystal 42, diodes 44,

el ectrodes 45, a pair of polarizing plates 47 and 50, and a pair of
substrate 48 and 49. Here; reference nunerals 43 and 46 denote
light rays emtted fron1aCfi ht/ source 32 and a scan line,

bctively. As well known, on¥& él'enent is disposed in an area where one

M clectrode 45 occupies, and serves to present one color of three
pri$ry. eol.ers RGB. .Three RGB color lLight beans enmtted fromthree .
di f§rent elenments each presenting one of RG colors converge on a screen

8 be recogni zed as one picture el enent. The

\\ )f\ D P ‘ n ) /L & P o A
_ Y * A~ v " 3 e A4 / A" T .
o P8 2 ). A .\ N pS y. ¥
2 _— p ) Y Y \>*4 A" A I " "2 4
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s of each of RGB colors is controlled by _varying. _

-~ the voltage applied to each pixel electrode 45 so as to change.

ransntttance of liquid crystal to thereby . control the intensity of -
t hat passes through the liquid crystal. |

Sins

FIG.6

SrO——

32 3(3 34 AN

37

heet Has Been Replaced
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9.6, reference nunmeral 34 designates an optical syst em conposed of
bs-and mrrors, etc., and serves to converge the RG light on the
bn 1. More specifically, white light emitted fromthe |ight source 32
s t hrough the liquid crystalif cted i mage di splayi ng el enental

33, in which a nunber .of |ight ngﬁ1sets are forned such that each
beam set has RGB |ight conponents and Is adjusted in |ight
‘#sity to produce one picture el ement. The thus formed |ight beam sets
bRi ni ng REB  conponents are focalized- on-t.he screen.1 through the ;
ol system 34 to forman image thereon. Thé thus forned i mage is
& ved by an user froman observing direction 35.

FIG.,7
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ustrated sensor portions of a chromaticity neter 36 |ocate at .
ions wherein picture elements on the screen 1 are to be nmeasured :
chromaticity. The chromaticity meter 36 neasures chromaticity of ’~
icture elenents to be neasu d outputs the data of the

maticity neasurenent for each: rkaZre element to a |iquid crystal

Yected i mage display elenental array controlling section 37 through a
‘Smaticity data signal path 38. It should be noted that the chromaticity

MODULATING
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- signal path 38 can be formed of not only a wired neans but " "al so of
= cl ess nmeans using such as infrared carrier wave signals, etc.
SRelerring next to Fig.5 a light begam set conposed of - RGB |ight conponents
. #1ag@ng passed through the liquid GY al projected i nage displaying

el dlental array 33 is projected o screen 1 so as to forma picture
el gent a2 presenting a certain color specified by the video signal.

Fl6.9

W | kth PICTURE ELEMENT
Ub, Wb
Z‘J\(Ua. Wa) ( 2b) 4
- =P
‘gf(?TURE /
aze— e We) 029 02f\3@ _
nth PROJECTED IMAGE
PICTURE jth PICTURE ELEMENT | SCANNING DIRECTION
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ont al

ge

gayi ng

In this

el enent al -
nts a2 plays a nmjor

and verti cal
Wni zes conposition of picture el ements :
f or mi ng Ct;he7| iquid crystal proje
array 33 creating a projected i mage of preg
Is inpossible to

directions to form an
a2 arranged on

i mage-

role but, it

i mage.

Thu

manuf act
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Md crystal projected i mage di splaying elenmental array 33 which
etely fTee fromvariati of output light intensity in all the &
S. In other words, ea pi xel of tgg liquid crystal project ed i

[}
S —-
W =
Q <
= 35
= =
L af o= o
= =3 wn
e a5 © ) >
S == = S
Z n3s L =
S > = C L
(&) 1
O x oF =
2 w0 ©ZF == = w
= o= 8 =00 = =
o =Q 2= > o l::-
= x <O IO & 2w o
8 &g & 32 T
n
s Zo o =D "
o == A ~ o= Tol
xE <O ~— wn O<O
- f i i )
(L)
e 8 AN g — [
S 5 N * o
N w
T Ll
g < g5 =
' S~ o S < \
G 39 | =Z o o8 L | o] 9
! —w - olo | %)
- ©o - e
W5 n o A+ 6 '
h —
=L |le £8| 1} Jmm\\\ 1 _;’o | l
2N o ™ o ~d P
Ny A 1 w ‘\ f
MM } o MNr mw\\ . =
< —
R
@ Tl
| — - 8 3
AN \ \ LI)
: \\ =
i \°5 e S
IE » < = <= =
o S © 5 =
>
> > —_
=2
2 =
3 S S <
a < g @
a
N Q N

;
}



lyi ng el enmental array 33 inevitably differs nore or |less in output
Bintensity fromthe other part thereof, this variation in output
ightzintensity causes picture elg a2 to be different in
ofhticity, giving rise to colohvz enness. Accordi ngly, controlllng
$s of correcting color unevenness may be carri.ed out as the

his Sheet Has Been Replaced
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- - follow ng manner. First, a picture elenent 2 is selected

“equl |y fromevery micro-region conposed of picture elenents a2, and the
th sel ected picture elenents 2 are nmeasured on chromaticity. The
megsurenent is fed back to the video, signals applied to the three liquid
crystal projected i mage dlsplay‘gfykGQS form ng respective RGB colors. By
thig feed back, the video signa 'producing the rest unsel ected
picjure elenments a2 are corrected so that the |ight output may be

i ncf.eased .or decreased, to thereby elimnate chromaticity difference
anohg picture elenents a2. ~ ’In the sel eetion of picture etenents 2 to
be neasured,

F:/'G?. ,4254'

33 1

8

FIlG, 128

| | |
32 0 34 36 \

J 35 -
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tersecting points

Qures the chromaticity.

as picture elenents 2 to
pat i city neter 36 is constructed such that a
ent | ocates at each of the thus
. Her e,
chr@mati'city will be represented by coordinate point (U W,
meadurement of chromaticity is stored in association with its coordinate

-tnes 3 arranged at a certain interval anrd
2 certain interval are forned and picture el enents occupying
therebet ranged as lattice points may be

héﬁred on chromaticity.
chromaticity neter
sel ected picture elenents 2 and

a picture elenment 2 nmeasured on
and each

‘vertical
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(U W, and will be used for cal cul ative operati on. Now,
i ption will be nade of the correcting nethod of the video S|gnals

ed to.the three liquid cr
proj ected i mage displ ay 53;E&é7 whi ch forn1respect|ve RGB colors in

to produce the rest unselected picture elenents a2 based on the feed
of the neasurenent of
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__'f'faormtlmty First of all, fromtje chromatlmty neasured for each

picture el ement 2, corrective dqb he point as to each RG color is
_calzcul ated. Then, corrective dat each RGB color -for a picture el enent
a2f@iat which no nmeasurenent on chromaticity was nmade is cal cul ated by

ef fecting a linear interpolating approximtion on the basis of corrective
data on each RGB col or for the nearest four grid points enclosing the

pi cture el ement a2. Next, description will.- be nade on the cal cul ation
for . determning corrective data en each of G -B-and R signals ~at a -
measured picture elenent 2 fromthe chror?ticity dat a
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FI6. 16A FIG. 168

NTROL | CONTROL]

REGION COSN%L L REGION
©| ¢ R @
@ | B G ®
® ] 8 R ®

his Sheet Has Been Replaced

i




$fy

gobe uni quely defined by
by

cture elenent 2.° " Provided, .for exanple, that a
desi gnated by the goordlnates (U W on the screen 1

pti ci ty neasurenent d {( y), corrective data <G>, <B>
fol | owi ng expressions: -

. (1) <B> = cx + dy .. (2)
(3) where a, b, ¢, d, e and f are constants.

it shduld be hﬁfed that all the corrective data
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" - 28 2 ‘<G>, <B> and <R> nentioned above can al so be det®
cal cul ati ng neans outside the apparatu Fi g. 8 shows
di agr used in a first enbodi nent of t-I7 br sent invey
referdice to Fig.8, description will be de in detail;
process of determ ning three RG color corrective dat

Y

REDUCE VFS et ] YT
FOR R | & LG
""" ’(Xtypz Ytyp2) i
: B - LIGHT R - LIGHT
@ E @ - LIGHT
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. . . . Notsst o>
formng a picture element a2g shown in Fig.9, based on the fed back

.corrective data <G, <B> and <R> obt ai ned as above. The thus determ ned
RGB color corrective data are used to correct .the.thre ideo.signals. . .
respectively applied to three liquid crystal prgje ted i'mage displiay

el ements respectively serving to display RG cokors toibe conposed ;.80
to forma picture elenents aZ2g. A correctivé data-w it 3 i
pi cks up chromaticity nmeasurenent (X, %% by the/dhnoh&&hcni At € 3|
a picture element 2 at the coordinates ( W onft-heiragcr een; 1jﬂﬁmd:_
cal cul ates EQEEQ%EbX%Igﬁta <G>, <B> and <R> based on the fornulae (1
and (3) to store the result -

TITLE OF THE INVENTION

A PROJECTED IMAGE DISPLAYING APPARATUS ANI? A METHOD OF
CORRECTING COLOR UNEVENNESS THEREIN
BACKGROQUND OF THE INVENTION

(1) Field of the Invention

The present invention 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 displaying
apparatus wherein color unevenness over the entire display
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 characteristics of display elements in_g;der to
establish uniformity of chromaticity throughout the entire
display image, but the chromaticity throughout the projected
image varies position to position depending upon color
rendering properties of a light sdurce used, a color
Separation/composition system used for the light source and

transmittance distribution of the display elements and other
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I nto respective corrective data nenories 7, 8 and 9. At the

:corrective

sane tine,

data writing circuit 5 generates address information AD {(U,

W} corresponding to the coordinates (U W of the picture el enent 2

t he screen,
cal cul at ed
menories 7,

to output the address information together with the
corrective data <G, <B> and <R> to the corrective data
8 and 9.

- 2 -
factors. Therefore it very difficult in a technological
view point to establish such a strict control in a projected
image display apparatus.

There is a method called "white-balance adjusting
method” in which a video signal is cbmposed of red, blue and
green component video signals (which will hereinafter be
referred to as R-signal, G-signal and B-signal,
respectively), and amplitude of each component is variable
so as to effect gain-control, whereby 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 cobtained 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

on

t he
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- 29 - A corrective data storing section 28 is conposed of
corrective data nenories 7, 8 and 9, and receives addresses AD {(U W}
fromthe corrective data witing circuit 5, each of which designated an
address in corresponding corrective data menory 7, 8 or 9. The corrective
data storing section 28 is also fed with the corrective data on each
chromaticity <G, <B> and <R> fromthe sane corrective data witing
circuit 5, and stores the chromaticity _data in the above- designated
addresses AD {(U W}.

diagram showing a circuit for generating video signals to
be provided for a typical liquid crysta; display device.
In this figure, y-correcting circuits 55r, 35g and 55b are
constructed identically, and analog converting circuits 56r,
56g 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 seétion 54 to be formed into quantized
digital wvideo signals S1R, S1G and S1B, which are in turn
sent out to y-correcting circuits 55r, 55g and S55b.

The Y-correcting circuits 55r, 53g and S5S5b 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, S¥G
and SYB to analog converting circuits 56r, 56g and 56D,
Irespectively.

The analog converting circuits 56r, Ssg'and 56b convert
the inputted digital video signals SYR, SYG and SYB into
analog values, respectively. The thus formed analog values

are sent out as video signal SR, SG and SB to a liquid
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Based on synchroni zing signals H V and clock signal CK for the video
signals for display, inputted through respective termnals 19, 20 and 21,
a nmenory address generating circuit 6 recogni zes the coordinates (U W of
a picture elenent a2 expected next to be reproduced as a projected inage

pi xel . Now, consider, as an exanple, the case where the circuit 6
recogni zed that a picture elenent a2g existing at a coordinate point (Ug,
W) shown in Fig.9 is expected next to,be reproduced. 1In this case, in

order to produce the picture elenment a2g, it is necessary to determne
correcting .5i,90ghsaep18Y a8YiSe,/btiER1" 86 ¥LEYngOEEESLHRYSPL I gi nal

The liquid crystal display device/optical converting
section 57, based on the inputted video signal SR, SG and
SB, reproduces an image and emits light output RAY.

A chromaticity meter receives the light output RAY
emitted as an image from. the liquid. crystal display
device/optical converting section 57, 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 horizontal 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 diégram of the analog
converting circuit 56. There are three analog converting
circuits 56 on the diagram shown in Fig.l1, namely; analog
converting circuit 56r for processing the R-signal, analog
converting circuit 56g for processing 'tﬂe 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 S6.

Ths ke the raplacemem shast
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video signals SEg, SEb and SEr to be applied to liquid crystal in
respective three liquid crystal projected imge display elenents
respectively serving to display RG colors. In order to calculate the
signals Sg, Sb and Sr, corrective

-30- data on neighboring four picture elenments 2a at (Ua, Wa),

-5 -

As shown in Fig.3B, 2 zontrol signal S6 has a waveform
taking a peak value, or voltage H for 'High' level and
taking another peak value, or voltage L for 'Low' level, and
alternating between 'High' level and "Low' level,
periocdically. This signal is inputted into a logical
circuit 62, switches SWl, SW2 and SW3, and serves as a
synchronizing signal.

When the control signal S6 is at 'High' level in
switches SW1l, SW2 and SW3, all terminals 'c' are
simultanecusly 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 simultaneously connected
with respective terminals 'a' and are simultaneously
disconnected with respective terminals 'b'.

In the switch SWl, the terminal 'a' is applied with a
full-scale voltage 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 'qd’. With the
alternating connection, the terminal 'c' generates a pulse

having a peak value equal to the full-scale voltage VFS and

launches the pulse as a signal Sll to a negative (-)terminal

Thbistherepmcementsheet
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2b at (Ub, W), 2c at (Uc, W) and 2d at (Ud, WI) enclosing a point (Ug,
Wj) are required, therefore, the nenory address generating circuit 6
generates addresses AD {(Ua, W)}, AD {(Ub, W)}, AD {(Uc, W)} and AD
{(ud, WI)} on a corrective data storing section 28 in which corrective
data <G, <B> and <R> for the neighboring four picture elenents 2a, 2b,

2c and 2d are stored. The thus generated addresses are outputted to the
corrective data storing section 28. Accordingly, the follow ng relations
hol d. Ua = Uc [err] Ug [err] "Ub = Ud ... (4) WA

= W [err] We LarbhptR rieWavpe: . 'TBe g?énal 511C?5588EL89tQaEﬁe

I nterpol ation processing circuits
(-)terminal of the amplifier AMPl is therein multiplied by
(-1) to output a waveform shown in Fig.3D.

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 previously
described, the terminals 'a' and 'b' are alternately
connected with thé 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 S16 to a positive (+)terminal of an amplifier
AMP3. 1In the switch SW3, the terminal 'b' is applied with
an offset wvoltage 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 'a’. 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
S17 synchronize with each other, but are logically inverted

One another, or more specifically, when the signal S16 stays
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11 and 12 calculate corrective data <G, <B> and <R> for the picture

el ement a2g, respectively by executing linear interpolating operation
using corrective data <G, <B> and <R> for the four picture elenents 2
that enclose the picture elenment a2g as in the foll ow ng way and outputs

the result to D/A converters 13, 14 and 15, respectively. As an
exanpl e, calculations in the liner-interpolating process as to corrective
data on Gsignals will be described. A corrective data nenory 7 for

corrective data on G signals holds cofrective data <G>, <G>, <G> and
<&> for plctqre ehenents 2a at (Ua, Wa), 2b at QUb W), 2c at
at 'High' level, the signal Sl7 is at 'Low' level
. The AMP3 subtracts the signal S17 inputted into the (-
yterminal from the signal S16 inputted into the (+)terminal,
and ocutputs the resultant signal S13 to a (-)terminal of an
amplifier AMP2.

A digital video signal S8 corresponds to any one of the
digital wvideo signals SYR, SYG and SyB that have been
quantized by and oufputted from y-correcting circuit 35 r,
55g and 55b. By the way, the y-correcting circuit .55 r, 53g
and 55b execute conversion of an inputted signal to form an
output in accordance with a characteristic curve shown 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 Sé and the digitzl video signal
S8, whereby the digital video signal S8 is converted 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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(U, W) and 2d at (Ud, Wi) in addresses AD {(Ua, Wa)}, AD

- 31 - {(U, W)}, AD {(Uc, W)} and AD {(uUd, WI)}, respectively. Wen
these addresses AD {(Ua, Wa)}, AD {(Ub, W)}, AD {(Uc, W)} and AD {(Ud,
Wi)} are inputted fromthe nmenory address generating circuit 6, the menory

7 in turn sends out the

-8 -
voltage input terminal VREF an input of full-scale voltage
VFS that has been adjusted by means of <the variable
resistance R1l, and based on the input, converts the inputted
video signal data series DO, D1, D2, e+« into a
corresponding analog signal, so as to form a video signal
S9 having a waveform with the full-scale voltage VFS as a
peak value as shown in Fig.3C. The thus generated signal
§39 1is outputted from an output terminal VOUT to a
(+)terminal of the amplifier AMPL.

The amplifier AMPl 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 video signal
S14 to the liquid crystal display device/optical converting
section 57. This video signal S14 corresponds to any one
of the video signals SR, SG and SB. The signal S12 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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corrective data <G>, <@>, <Cc> and <Gd> to a corrective data
interpolation processing circuit for Gsignals 10. Si nce the
relations (4) and (5) hold on the screen 1, it is possible to assune that
the picture elenents 2b and 2c exist at kth places rightward,
respectively, fromthe picture el ements 2a and 2c. The picture el enents
2c and 2d are assuned to exist at nth places dowward, respectively,
fromthe picture elenents 2a and 2b. Further, corrective data on

G signal at each point in Fig.9 will be Assuned as follows:- <Ge>

correcti ve data on STSAA Rlug Bl GLULEoSh URI 8R°FI5ThENEbERAY (e

coor di nat es §igna
the sum of the waveform shown in Fig.3E and the waveform

shown in Fig.3E.

As mentioned above, it is difficult for the
conventional white-balance adjustment to inhibit the color
unevenness in the image occurring 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 ligquid
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 crystalmdisplay
devices must also have dispersion in voltage-transmittance
characteristics. Such dispersion causes-disadvantageous
effects such as coloring an area that should be displayed
in achromatic color like black and white. This disadvantage

Necessitates individual adjustment of the offset voltage VOF
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pl ace downward fromthe picture el enment 2a; <& > : corrective data on
Gsignal at a picture elenent a2f designated by the coordinates (Uf, W)
existing at nth place downward fromthe picture el enment 2b; and <G&>
. corrective data on Gsignal at the picture elenment a2g designated by the
coordinates (Ug, W)) existing at jth place rightward fromthe picture
el enment aZe. In this assunption, <Ge> <GE> and <G> are given as
the foll owi ng expressions: -
- 10 -
and the full-scale voltage VFS for each circuit.
In the prior art, this adjustment required the
following procedures. Initially, data-input is made of a
predetermined projected image such as, for example, a blank
pattern for making pure white display on an entire image
screen. Then, while the projected output generated'by the
optical conversion from the read data image should be
measured using a chromaticity meter 58, the amplitude of the
signals provided for the liquid crystal devices and the

bias, more clearly, the full-scale voltage VFS and the
offset voltage VOF for each device should be controlled by

varying the variable resistance Rl for governing the full-
scale voltage VFS and the resistance of the variable resistor
R2 for governing the offset voltage VOF for each color
block, so as to adjust the color-balance such as black and
white.

However, this procedure requires an extremely £fine
adjustment and to make matters worse, it is very difficult
to distinguish what resistorslof which color block should
be adjusted in what degree from the observed deviation of
chromatigity. Therefore this method required even a skilled
operator to take a very long time for the adjustment, posing

@ difficulty in production.
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- 32 - <Ge> = {(<Ga> - <Gc>)/n} x m+ <G> ... (6) <G> =

{(<@> - <&>)/n} x m+ <Gd> oo (7 <G> = {(<E> - <Ge>)/k} x ]
+ <Ge> ... (8 Here, the follow ng relations hold: - Ua = Uc =
Ue, U = Ud = Uf; Ua +j = Ug, Ua + k = Ub; VW = W, W = W,
W =W = W; and VA =W +n =W +m

- 11 -

SUMMARY OF THE INVENTION

The present invention is to eliminate the above
problems and it is therefore an object of the present
invention to provide a projected 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 method for the apparatus.

Another object of the present invention is to provide
a displaying 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.

First 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 coordinate points on the screen:;

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

memory means for storing the first corrective data in

association with the coordinates of the points at which

This is the replacement sheet

Date: 19 NV 1998



The corrective data interpolation processing circuit

_based on t
<& > and <
pi cture el
ve), (U,
For the pi
been effec
linear in
correctlve

for Gsignals 10,

he fornulae (6), (7) and (8) <calculates corrective data <Ge>,
Gg> for Gsignals for correcting chromaticity val ues of the
enments a2e, a2f and a2g present, respectively, at points (Ue,

W) and (Ug, W), to output the result to the DA converter 13.

cture elenents 2 at which the -nmeasurenent of chromaticity

has

ted, there is no need for_cpgjculating corrective data <G by the

terpol ation. Therefore, the corrective data stored in the
at 3 81 QLLPInaEChbon MEa&drede Used as it is.

second operating means reading out the first corrective
data in association with a plurality of coordinate pcints
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; 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 modulating 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 of:

measuring chromaticity at arbitrary coordinate points
on the 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):;
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Correcting data <B> and <R> for B-signals and R-signals can be cal cul ated
using the sanme linear interpolating "process. A D/ A converting section
30 is conposed of D)A converters 13, 14 and 15, which receive corrective
data <G, <B> and <R> at the picture elenments 2 and a2 as digital

- 33 -
- 13 -

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

reading out the first corrective data in association
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 wvideo 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 thrée 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 of the present
invention, a projected image displaying apparatus further
includes:

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

controlling means outputting control information for
controlling the voltagé varying means; and

memory means storing the control information outputtéd
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data, convert theminto correcting signals Sg, Sb and Sr having anal og

val ues, send the result to anplifiers 16, 17 and 18, respectively.

In a correctively nodul ating section 31, the anplifier 16 receives an
original video signal SEg to be applied to the liquid crystal projected

I mage di splay device for displaying Gcolor through a termnal 22. In the
sane nmanner, the anplifier 17 receives an original video signal SEb to be
applied to the liquid crystal projected i mmge display device for

di spl aying B-color through a terninal ,. and the anplifier 18 receives an

original V}%S% %Agnéénégglling means.
Further aspect of the present invention lies in that
a projected image displaying apparatus, includes:

a projected image displaying 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 voltage varying means;
and

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

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 éontrol 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

This is the replacement sheest

Date: 1 G NOV 1996°



to be applied to the liquid crystal projected image display device for

di splaying R-color through a termnal 24. These signals are correctively
nodul ated in anplitude through anplification in accordance with correcting -
signals Sg, Sb and Sr supplied fromthe D/A converting section 30, and the
resultant video signals SLg, SLb and SLr are outputted from term nals 25,
26 and 27 to be applied to respective liquid crystal elenents of the

liquid crystal projected display devices form ng GBR colors. As
described heretofore, chromaticity of pilxure elenents for reproducing

the projected image is successivelg iorrected so,thq& IS ersi%p Qf
Chronaticityf%ﬁéﬁ gerating means calculates corrective data on each of

the primary color components uniquely from the chromaticity
at any coordinate points on the screen measured by the
chromaticity measuring means. - Thereafter, the thus
calculated corrective data can be stored in the memory means
in association with the coordinates of the points-at which
chromaticity has been measured. Therefore, it is possible
to read out the corrective data repeatedly for reference or
utilizing it for calculative operation.

The second operating means can calculate, based on the
read-out f£first corrective data in association with a
plurality of coordinate points from the memory means, second
corrective data used for correctively modulating wvideo
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.

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
from color unevenness by allowing the correctively
modulating means to prepare video correcting signals for

three primary color components from the total corrective
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entire image may be elim nated. Fi g.10 shows a block circuit diagram

for enbodyi ng . - 34 - anot her
enbodi ment of the present invention. In this figure, [err]-correction
circuits 55r, 55g and 55b are all i dentical (therefore, wll be generally

referred to as "[err]-

- 16 -
data and modulate each of original video signals
corresponding to respective three primary colors based on
the prepared video correcting signals.

In accordance with a method for correcting color
unevenness in a projected image displayving apparatus of the
présent 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 association 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 color
components in order to form picture elements at which no
measurement of chromaticity was made.

The first and second corrective data calculated 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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correction circuit 55), and analog circuits 56r, 56g and 56b are al
conposed of an identical anal og converting circuit 56 shown in Fig. 11.
Wth regard to the flow of the video signals, the sanme flow of signals as
described in Figs.1l and 2 wll be allotted with identical reference
nunerals, and the description thereof will be omtted. Fi gs. 12A and
12B show rel ati ons of optical arrangenment of elenents enployed in the
enbodi ment. Since each of the elenentsthas the sane function as in Fig. 6,
the description wll be omtted by allotting the same reference nunerals.
As shown i noFhgiRpguivdslec Heranaldn FREEDFROUEIRY FRo DESREStive three

primary colors based on the prepared videc ceorrecting
signals.

Further, in the projected image displaying apparatus
of the present invention, the voltage wvarying means 1is
capable of separately changing the amplitude voltages and
bias wvoltages of video signals outputted by display
elements. In addition, the controlling means may output
control information for controlling the voltage varying
means sSo as to allow the display elements to change the
output 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 chromaticity..

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 sepgrately changing
the amplitude voltages and bias voltages of video signals
Qutputted 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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of optical arrangenents. A case shown in Fig.12A is arranged such that
t he i nmage havi ng passed through the transparent screen 1 is sensed by the
chromaticity nmeter 36 or the user from an observing position 35. Another
case shown in Fig.12B is arranged such that the imge forned on the
screen 1 by neans of the optical system34 is sensed by the chromaticity
nmeter 36 or the user from an observing -position 35. Referring to
Figs.10 and 11, description of the pragdures for adjusting chromaticity
for white will be nade. Waveforns of video signals appearing herein are
shown display elements to change the output 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
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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- 35 - I n
circuit 62
graphed in

Figs. 13A, 13B, 13C and 13F. Input signal S8 in the | ogi cal

and output digital video signal data DO, D1, D2, ... are

Figs.4A to 4C. A mcro-conputer 51 outputs a control signa

to a system m cro-conputer 52, which, in turn, based on the contro

signal S3 r
r epr esent ed

ecei ved fromthe mcro-conputer 51, outputs a signal S6

- 19 -
signal generated by the conversion in an analog converting
circuit shown in Fig.2;

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

Fig.3C is a waveform diagram showing a projected image
signal generated by the conversion in an analog 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 shown 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 bgtween input and
Output 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

Dtz 19 NOV 1996

S3

Trie o tha raomcamert shas!



by a waveform shown in Fig.13B to the logical circuit 62, swi tches SW,
SW2 and SWB. A [err]-correction converting table (not shown) on the
[err]- correcting circuit 55 is conposed of random access nenories (to be
referred to 'RAM hereinafter) so as to facilitate the system

m cro-conputer 52 to rewite the table. This table allows the digital
video signal data DO, D1, D2, ... to be set up to indicate a waveform
having a constant data value FFH showwhn_Fig.13A, regardl ess of the

magni tude of the digital video signal S8 inputted as shown in the graph

in Fig. 4A olkbatsihuat ubgiekilnkbnatestt he necessity of

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

Fig.6 is an illustrative view showing a positional
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 c;ystal 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.1ll is a circuitry diagram of an analog converting
circuit for used in the circuit shown in Fig.10;

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

Fig.12B is an illustrative view showing another

relation of optical arrangement in the embodiment shown in
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providing a particular, separate signal generator. O course,

equi val ent structures may be all owed by providing other neans, for
exanpl e, 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 term nal VREF as a reference

vol tage, and outputs a signal

- 21 -
Fig.10;

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

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.l4 is a chart showing an applied voltage-
transmittance characteristic curve in a liquid crystal
display device;

Fig.1l5 is a descriptive view of controlling procedures
shown on the chromaticity chart when chromaticity adjustment
for "white" is conducted in the embodiment shown in Fig.l10;

Fig.16A is a table showing controlling procedures to
be preset and corresponding colors to be 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
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- 36 - S10 having the full-scale voltage VFS as a |l evel thereof in
accordance with the instruction of a control signal S7 inputted at input
termnal CTRL fromthe system mcro- conputer 52. The thus fornmed out put
signal :S10 is sent to a termnal 'a" of a swwtch SW.. In the simlar
manner, a D/ A converter 61 varies the offset voltage VOF on the basis of
a bias voltage inputted through an input termnal VREF as a reference

vol tagé, and outputs a signal S15 having the offset voltage VOF as a |evel
thereof in accordance with the instracé®on of the control signal S7

I nputted at an i nput .
be preset and corresponding colors to be controlled for

respective regions on the chromaticity chart when the
chromaticity for "black" is to be adjusted in the embodiment
shown in Fig.10;

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

Fig.l7C is a vaveform diagram showing a video signal
used when chromaticity adjustment for Jblack" is conducted
in the embodiment shown in Fig.10:

Fig.l1l7F is a waveform diagram showing a wvideo signal
used when chromaticity adjustment for "black" is conducted
in the embodiment shown in Fig.10;

Fig:l7B'is a waveform diagram showing a video signal
used when chromaticity adiustment for "black" is conducted
in the embodiment shown in Fig.1l0; and

Fig.1l8 is a descriptive view of controlling procedures
shown on the chromaticity chart when chromaticity adjustment

for "black" is conducted in the embodiment shown in Fig.l10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Fig.6 is an illustrative view showing a positional relation
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termnal CTRL fromthe system m cro-conputer 52. The output signal S15 is

sent to termnal 'a' of a swtch SW and termnal 'b' of a switch SWB.
In this while, the DA converter 59 which receives the digital video
signal S8 and the control signal S6 as well as accepts the signal S10

havi ng a waveform kept always at the full-scale voltage VFS via an input
termnal VREF for reference voltage, outputs a video signal S9 having a
wavef orm shown in Fig.13C that is conposed of the sumof waveforns shown
in Fig.13A and Fig.13B toward a (+)termdat of -an anplifier AWP 1.

Accordi ngly, the analog converter 56 wll output _an video signal Sl4
havi ng a wayef compan used in the measursment. In this measurement,

it is preferable to perform correction of dispersion of
chromaticity in the 1liquid crystal display device under a
circumstance allowing as great a transmittance of 1liquid
crystal as possible. Therefore, the_follcwing operation of
correction for chromaticity 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 elemental 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
2 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 wvarying
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in Fig.13F or a pul sing waveform having anplitude equal to the offset

voltage VOF with a reference voltage of Ov,
- 37 - regardless of the full-scale voltage VFS. In controlling the

of fset voltage VOF, which determ nes

- 24 -
the voltage applied to each pixel electrode 45 so as to
change the transmittance of liquid crystal to thereby
control the intensity of light that passes through the
liquid crystal.

In Fig.6, reference numeral 34 designates an optical
system composed of lenses and mirrors, etc., and serves to
converge the RGB light on the 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 chromaticity meter
36 locate at positions wherein picture el&ments 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 for each picture element to a
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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the anplitude of the video signal S14, the systemm cro- conputer 52,
receiving the control signal S3 outputted from the m cro-conputer 51 and
based on this signal, outputs the control signal S7 to a CTRL term nal of
the D/A converter 61 present in each anal og converters 56 so as to vary
the magnitude of the offset voltage VOFoutputted froma VOUTof the DA
converter 61. Meanwhile, as the control signal S7 is also supplied to a
CTRL terminal of the D/A converter 6Q, 25the system nust be designed so as
to vary only the output offset voltage VOFfromthe D/ A converter 61
W t hout vargdigmel tdeth B8 catnlbe \felrinage o¥FBoaubplyt adwhited mkan¥Oblt
termnal of the DA converter 60. Such controlling nmethod is
also of a wireless means using such as infrared carrier wave
signals, etc.
Referring next to Fig.5, a light beam set composed of
RGB 1light components having passed through the liquid
crystal projected image displaying elemental array 33 is
projected on the screen 1 so as to form a picture element
a2 presenting a certain color specified by the video signal.
A number of such picture elements a2 are arranged closely
in both horizontal and vertical directions to form an image.
Thus, the user recognizes composition of picture elements
a2 arranged on the screen 1 as an image. In this image-
forming, the 1liquid crystal projected image displaying
elemental array 33 creating a projected image of picture
elements a2 plays a major role but, it is impossible to
manufacture a liquid crystal projected image displaying
elemental array 33 which is completely free from variation
of output light intensity in all the pixels. In other
words, each pixel of the liquid crystal projected image
displaying elemental array 33 inevitably differs more or
less in output light intensity from the other part thereof,
this variation in output light intensity causes picture
elements a2 to be different in chromaticity, giving rise to

color unevenness. Accordingly, controlling process of

correcting color unevenness may be carried out as the
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di scl osed, for exanple, in | EEE-STD- 488. Fig.14 is a plot show ng a
rel ati on between applied voltage to liquid crystal and transmttance
thereof for adjusting chromaticity of white. In the figure, the axis of
absci ssa represents applied voltage and the axis of ordinate represents
transmttance of liquid crystal. Specifically, when the applied voltages
are at VW, VW, W2, VW3, VB3, VB2, VBl and VBO, the transmttance wl|l
becomre TW), TW., TW2, TWB, TB3, TB2, TB%Gand TBO, respectively.

following manner. First, a picture element 2 is selected
equally from every micro-region composed of picture elements
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 colors. 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 lines 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 suéh 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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- 38 - As the offset voltage VOF which is equal to the anplitude of
the video signal S14 applied to the liquid crystal is controlled to be as
| ow as VB by operating the analog converting circuit 56, the
transmttance of the |liquid crystal becones enough high to resent
increased light output RAY from the liquid crystal display

- 27 -

projected image display devices which form respective RGB
colors in order to produce the rest unselected picture
elements a2 based on the feed back of the measurement of
chromaticity. First of all, from the chromaticity measured
for each picture element 2, corrective data at the point as
to each RGB color 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 on each RGB color for the nearest four
grid points enclosing the picture element aZ2.

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 eoe (1)
<B> = cx + dy eee (2)
<R> = ex + fy see (3)

where a, b, ¢, 4, e and £ are constants.

Here, it should be noted that all the corrective data
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devi ce/ opti cal converting section 57. In contrast, as understood from
Fig.14, when the applied voltage takes a value around VW3, the
transmttance varies considerably largely with variation of the applied
voltage, so that gradation is hard to produce, and therefore, error
arising in quantization of transmttance of liquid crystal tends to
becone |large as the transmittance is adjusted by the [err]- correction.
On the other hand, if a little bit highe28veltage is applied so that t he
of fset voltage VOF may be equal to VWAO, as understood fromFig.1
vari ation i n <ransBbt eadceRyni nantioned above can also be determlned by
a calculating means outside the apparatus.
Fig.8 shows a block circuit diagram used in a first
embodiment of the present invention. With reference toO
Fig.8, description will be made in detail on a calculation
process 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 alg.
A corrective data writing circuit 5 picks up
chromaticity measurement (x,IY) 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>
based 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
coordinates (U, W) of the picture element 2 on the screen,
to output the address information together with the

calculated corrective data <G>, <B> .and <R> to the

corrective data memories 7, 8 and 9.
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t he change of applied voltage is small in the vicinity of the voltage WO,
so that gradation is easy to produce, but the |ight output RAY by the
liquid crystal display devicel/optical converting section 57 is too small,
resulting in poor contrast. The adjustnent to an optinmal voltage
whi ch all ows easiness of producing gradation and proper brightness and
- 29 -
A corrective data storing section 28 is composed of
corrective data memories 7, 8 and 9, and receives addresses
AD {(U.W)} from the corrective data writing circuit S5, each
of which désignated an address in corresponding corrective
data memory 7, 8 or 9. The corrective data storing section
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 next
to be reproduced. In this case, in order to produce the
Picture element a2g, it is necessary to determine correcting
signals Sg, Sb and'Sr for correctively modulating original
video signals SEg, SEb and SEr to be applied to liquid
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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- 39 - contrast has been carried out enpirically, but this enbodi nent
leaves the adjustnent to the mcro-conputer 51. Mre specifically, the

m cro-computer 51 outputs the control signal S3 for «controlling
procedures for producing gradation, and based on the control signal S3
the system mcro-conputer 52 outputs control signals S7 to the anal og
converting circuit 56. The anal og converting circuit 56, based on the
control signal S7, varies the video siggal. S14 representing the applied
voltage to the liquid crystal wthin a range of fromVWWM to VB so that

the transniuhggcgn neighboring fcur picture elements 2a at (Ua, Wa),
jb at (Ub, Wb), 2c at (Uc, Wc) and 2d at (Ud, Wd) enclosing
& point (Ug, Wg) are required, thergfore, the memory address
ggnerating 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 s Ub = Ud see (4)

wa sae (5)

Wa = Wc 2 Wg 2 Wb

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.

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>, <Ge> and <Gd>
for.picture elements 2a at (Ua, Wa), 2b at (Ub, Wb), 2c at

(Uc, Wc) and 24 at (Ud, Wd) in addresses AD {(Ua, Wa)}, AD
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of the liquid crystal may be optinmal between TWL and TWB. The thus

selected optimal value is outputted. This control is effected in the sane

manner for each of three RGB colors, independently, so as to select a
condition wherein all the three colors present the best contrast and

gr adati on.

figure, procedures to effect chromaticity adjustnment wll
a target chromaticity point__defining "white" is assunmed to be

First of all

desi gnated by the coordinates (Xtypl, "~ }pI) on the chromaticity chart.

Fig.15 is a chromaticity chart. Wth reference to the

chromaticity Efﬁﬁ? ﬁg%}qeﬁiuQ?ﬁcEhﬁc??rgﬂgtkﬁiEYUQT Wd)}, respectively.

when these addresses AD {(Ua, Wa)}, AD {(Ub, Wb)}, AD {{(Uc,

wec)} and AD {(Ud, Wd)} are inputted from the memory address

‘generating 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 on 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 24
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
a2e 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
azf designated by the coordinates (UE, Wf) existing at mth
Place downward from the picture element 2b; and

<Gg> : corrective data on G-signal at the picture
element a2g designated by the coordinates (Ug, Wg) existing
a2t jth place rightward from the picture element aZe.

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

the following expressions:-

be expl ai ned.

A
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unadj usted |ight output RAY and outputs the nmeasurenent as
S2 to the mcro-conputer 51. The thus obtained chronati

a data signal
city will be

assunmed to be designated by (X, Y) on the chromaticity chart. This point

(X, Y) nust - 40 - bel ong to any
one of regions 1), 2) and 3). In order to . deal with any possible
chromaticity neasured, a series of - 32 -

<Ge> = {(<Ga> - <Gc>)/n} x m + <Ga> eee (8)

<GEf> = {(<Gb> - <Gd>)/n} x m + <Gd> see (7))

<Gg> = {(<Gf> - <Ge>)/k} x j + <Ge> sees (8)

Here, the following relations hold:-
Ua = Uc = Ue, Ub = Ud = UE;
Ua + j = Ug, Ua + k = Ub;
Wa = Wb, Wc = Wd, We = WEf = 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>, <G£> 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 it is.

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

A D/A converting section 30 1is 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
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processi ng procedures is to have been determ ned in advance for each
Fegion, and the software for controlling the operation is to have been
programmed in the m cro-conputer 51. I f the nmeasured chromaticity
point (X, Y) lies in the region 1), this status is recognized by the

m cr o- conput er 51 as the foll ow ng expression:- X [err]

Xtypl, and Y {err] Ytypl ... (9 I f the neasured chromaticity
point (X, Y) lies in the region 2), thigg status is recognized by the
m cr o- comput er 51 as the follow ng expression:-
data, convert them into correcting signals Sg, Sb and Sr
having analog values, send the result to amplifiers 16, 17
and 18, respectively.

In a correctively modulating section 31, the amplifier
16 receives an original video signal SEg to be applied to
the 1liquid 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 crystal 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 supplieé frcm the D/A converting section 30, and the
resultant video signals SLg, SLb and SLr are outputted from
terminals 23, 25 and 27 to be applied to respective liquid
crystal elements cf the liquid crystal projected display
devices forming G2R colors.

As described heretofore, chromaticity of picture
elements for regrocducing the projected image is successively
corrected, so <hat dispersion of chromaticity over the
entire image a2y te eliminated.

Fig.l0 shows 2 block circuit diagram for embodying
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X < Xtypl, and Y [err] X ... (10) Alternatively, if the

measured chromaticity point (X, Y) lies in the region 3), this status is
recogni zed by the m cro-conmputer 51 as the foll ow ng expression: -
X >Y, and Y < Ytypl ... (11) Fig.16A is a table show ng

controlling procedures to be preset and corresponding colors to be
controlled for respective regions on the chromaticity chart when the
chromaticity for "white" is to be adju§t$g As an exanple, if a point
(X, Y) satisfying the condition (9) is cogni zed by the mcro-conputer

51, the  stepnlchBrt NSnbQMiAdhet B3 T80 OBrllah? FlgodSASEACheS t Gy

figure, Y-correction circuits 353r, 55g and 55b are all
identical (therefore, will be generally referred to as "y~
correction circuit 55), and analog circuits 56r, 56g and 56b
are all composed of an identical analog converting circuit
56 shown in Fig.ll. 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.12A 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.1l2A 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 formed 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.1l0 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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- 41 - performadjustnment of Gcolor. Therefore, in order to bring Y
([err] Ytypl) close to Ytypl, G conponent in light output RAY nust be
reduced, or the applied voltage to the liquid crystal is to be taken |arge
So as to increase the anplitude of the video signal Si4. To achi eve

this, the mcro-
- 35 =

in Figs.l13A, 13B, 13C and 13F. Input signal S8 in the
logical circuit 62 and output digital video signal data DO,
pl, D2, *¢+ are graphed in Figs.4A to 4C. A micro-computer
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 represented
by a waveform shown in Fig.l1l3B to the logical circuit 62,
switches SW1l, SwW2 and SW3.

A Y-correction converting table (not shown) on the y-
correcting circuit 55 is cémposed of random access memofies
(to be referred to 'RAM' hereinafter) so as to facilitate
the system micro-computer 52 to rewrite the table. This
table allows the digital video signal data DO, D1, D2, +e-
to be set up to indicate a waveform having a constant data
value FFH shown in Fig.13A, regardless of the magnitude of
the digifal video signal S8 inputted as shown in the graph
in Fig.4A. This structure eliminates the necessity of
providing a particular, separate signal generator. of
course, equivalent structures may be allowed by providing
other means, for example, by using ‘& 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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conputer 51 sends for the system m cro-conputer 52 a signal S3 so as to
l-ncrease the offset voltage VOFin the anal og converting circuit 56g for

G conmponent to thereby increase the anplitude just nmentioned. The system
m cro-conmputer 52, having received the signal S3, sends out for the anal og
converting circuit 56g the signal S7 to thereby increase the offset

vol tage VOFto be outputted as an output voltage VOUT of the D/ A converter
61 sinul taneously. By the control 3peration described above, as G
conponent of the |ight output RAY becones snmall, the chromaticity neter 58
det ect s t hatS¥haigpridha fiwd lgfsqade voltage VFS as a level thereof in

accordance with the instruction of a control signal S7
inputted at input terminal CTRL from the system micro-
computer 52. The thus formed output signal S10 is sent to
a terminal 'a' of a switch SWl1. 1In the similar manner, a

D/A converter 61 varies the offset wvoltage 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 '5' 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.13C that is composed of th& sum of
waveforms shown in Fig.13A and Fig.13B toward a (+)terminal
of an amplifier AMP 1. Accordingiy, the analog converter
56 will output an video signal S14 having a waveform shown
in Fig.l3F or a pulsing waveform having amplitude equal to

the offset voltage VOF with a reference voltage of 0V,
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chromaticity reduces. The mcro-conputer 51 recognizes this information

through the output signal S2. The above series of procedures wll be
repeated wuntil Y-value of the chromaticity nmeasurenent 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 adjustnent of R~ color. Therefore, in order to bring
X ([err] Xtypl) close to

- 37 -
regardless of the full-scale voltage VFS.

In controlling the offset voltage VOF, which determines

the amplitude of the video signal S14, the system micro-
computer 52, receiving the control signal S3 ocutputted frcm
the micro-computer 51 and based on this signal, outputs the
control signal S7 to a CTRL terminal of the D/A converter
61 present in each analog converters S6 so as to vary the
magnitude of the offset voltage VOF outputted from a VOUT of
the D/A converter 61. Meanwhile, as the cohtrol signal S7
is also supplied to a CTRL terminal of the D/A converter 60,
the system must be designed so as to vary only the ocutput

offset voltage VOF from the D/A converter 61 without varying
the full-scale voltage VFS outputted from the VOUT terminal

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

Fig.l14 is a plot showing a relation between applied
voltage to liquid crystal and transmittanc? thereof for
adjusting chromaticity of white. In the figure, the axis
of abscissa represents applied voltage and the axis of
ordinate represents transmittance of liquid crystal.
Specifically, when the applied voltages are at VWO, VW1,
VW2, VW3, VB3, VB2, VB1 and VB0, the transmittance will

become TWO, TWl, TWw2, Tw3, TB3, TB2, TBl1L and TBO,

respectively.
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- 42 -

56r for

system m cro-conputer 52 the signal
of fset voltage VOFin the anal og converting circuit
R-conponent. Then, the sanme control sequence as executed above

for G conponent of the |ight output RAY is to be made, and the series of

Xtypl, R-conponent in the |ight output RAY nust be reduced, or the
applied voltage to liquid crystal is to be taken |arge. To achieve this,

the m cro-conputer 51 sends for the
SO as to increase the

S3

procedures will be repeated until X-value of the chromaticity measurenent
agrees with Xtypl of the | - 38 -

As the offset voltage VOF which Is equal <o the

amplitude of the video signal S14 appliad to the liquid
crystal is controlled to be as low as VW3 by operating the
analog converting circuit 36, the transmittance of the
liquid crystai beccmes enough high to present increased
light output RAY Zrom the ligquid crystal display
device/optical converting section 57. in contrast, as
understood from Fig.1l4, v;rhen the applieé voltage takes a
value around VW3, +the transmittance varies considerably
largely with wvariation of the applied voltage, so that
gradation is hard to produce, and therefcre, error arising
in quantization of transmittance of liquid crystal tends to
become large as the transmittance is adjusted by the y-
correction. |

On the other hand, if a little bit higher voltage 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 1liquid crystal display
device/optical converting sectidn 57 is too small, resulting
in poeor contrast.

The adjustment to an optimal voltage which allows

easiness of producing gradation and proper brightness and
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point (Xtypl, Ytypl) defined as "white". If the internmedi ately
nodi fied point reaches other chromaticity region in the way of the
controlling operation, the control will be made foll owi ng the procedures
previously set up for the region. Referring to Figs.10 and 11
description of the procedures for adjusting chromaticity for black wll be
made. Waveforns of video signals appearing herein are shown in Figs.1l7A,
17B, 17C and 17F. The system m cro-conputer 52, based on the control
signal S3 received fromthe mcro- cenmpgter 51, outputs a signal S6
represented by a waveform
contrast has been carried out empirically, but this
embodiment leaves the adjustment to the micro-computer 51.
More specifically, the micro-computer 51 outputs the control
signal S3 for controlling procedures for producing
gradation, and based on the control signal S3 the system
micro-computer 52 outputs control signals S7 to the analog
converting circuit 56. The analog converting circuit 56,
based on the control signal S7, varies the video signal S14
representing the applied wvoltage to the liquid crystal
within a range of from VWl to VW3 so that the transmittance
of the liquid crystal may be optimal between TWl and TW3.
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 gradation.
Fig.l5 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
chromaticity meter 58 measures the chromaticity of
unadjusted light output RAY and outputs the measurement as
a data signal S2 to the micro-computer 51. The thus

obtained chromaticity will be assumed to be designated by

(X, Y) on the chromaticity chart. This point (X, Y) must
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shown in Fig.17B to the logical circuit 62, switches SW, SW and SWB.
The y-correction converting table on the y-correcting circuit 55 conposed

of RAMs allows the digital video signal data DO, D1, D2, to be set
up to indicate a waveform - 43 -
- 40 -
belong to any cne of regions 1), 2) and 3). In order to

deal with any POssihle chromaticity measured, a series of
processing procedures :s to have been determined in advance
for each region, and the software for controlling the
operation is to have teen programmed in the micro-computer
51.

If the measured chromaticity point (X, Y¥) lies in the
region 1), this status is recognized by the micro-computer
51 as the following expression: -

X 2 Xtypl, and Y 2 Ytypl e (9)

If the measured chromaticity point (X, Y) lies in the
region 2), this status is recognized by the micro-computer
51 as the following expression:-

X < Xtypl, and Y 2 X see (10)

Alternatively, if the measured chromaticity point (X,
7) lies in the region 3), this status is recognized by the
aicro-computer 51 as the following expression:-

X >Y, and Y < Ytypl eee (11)

Fig.16A is a table showing controlling procedures to
Ze preset and Ccorresponding colors to be controlled for
Tespective regions on the chromaticity .chart when the
Zhromaticity for "white" is to be adjusted.

As an example, if a point (X, Y) satisfying the
condition (9) is recognized by the micro-computer 51, the

step 1 in the row for the region 1) in Fig.16A teaches to
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havi ng a constant data value OOH shown in Fig.17B, regardless of the
magni tude of the digital video signal S8 inputted as shown in the graph in
Fi g. 4B. The D/ A converter 59 which receives the digital video signa
S8 and the control signal S6 as well as accepts the signal S10 having a
wavef orm kept always at the full-scale voltage VFS via an input term na
VREF for reference voltage, outputs a video signal S9 having a waveform
shown in Fig.1l7C that is conposed of the sum of waveforns shown in
Fig.17A and Fig.17B toward the (+)termndl -of the anmplifier AW 1.
Accordingly, the video signal S14 which the anal og converter 56 outputs
has a wavef op@riapmRdjustment of G-color. Therefore, in order to bring

Y (2 Ytypl) close to Ytypl., G-component in light output RAY

must be reduced, or the applied voltage to the liquid

crystal is to be taken large so as to increase the amplitude

of the wvideo signal S14. To achieve this, the micro-

computer 51 sends for the system micro-computer 52 a signal

§3 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
converting circuit 56g the signal S7 to thereby increase 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 1light output RAY becomes small, the
chromaticity meter 58 detects that the Y-coordinate of the
chromaticity reduces. The micro-computer 51 recognizes this
information .through the output signal S2. Thé above series
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 (2 Xtypl) close to
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Fig.17F or a pul sing waveform having anplitude equal to the sumof the
of fset voltage VOFand the full-scale voltage VFS wth a reference voltage
of OV. Since the offset voltage VOFhas been al ready determ ned when the
chromaticity for white was adjusted, it cannot be varied. Therefore, the
anplitude of the video signal S14, or the sumof VOF and VFS depends on
the full-scale voltage VFS. In controlling the full-scale voltage
VFS, the system mcro-conmputer 52, receiving the control signal S3
outputted fromthe mcro-conputer 51 angpbased on this signal, outputs
the control signal S7 to the CTRL term nal of the DA
' Xtypl, R-component in the light output RAY must be reduced,
or the applied voltage to ligquid crystal is to be taken
large. To achieve this, the micro-computer 51 sends for the
system micro-computer 52 the signal S3 so as to increase the

offset voltage VOF in the analog converting 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.1l0 and 11, description of the
procedures for adjusting chromaticity for black will be
made. Waveforms of video signals appearing herein are shown
in Figs.17A, 17B, 17C and 17F. The system micro-computer
52, based on the control signal S3 received from the micro-
computer 31, outputs a signal S6 represented by a waveform
shown in Fig.1l7B to the logical circuit 62, switches SW1,
SW2 and SW3.

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

data DO, D1, D2, ... to be set up to indicate a waveform

This is the repiacement sheet

Dria: 7 0 3NV 008
LG E ey el



converter 60 present in each anal og converters 56 so as to
-.44 - vary the magnitude of the full-scale voltage VFS outputted froma
VOUT of the D/ A converter 60. Meanwhi l e, as the control signal S7 is
al so supplied to the CTRL term nal of the D/A converter 61, the systemis
designed so as to vary
- 43 -
having a constant data value OOH shown in Fig.l7B,
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 wvia an input terminal VREF for reference
voltage, outputs a video signal S9 having a waveform shown
in Fig.17C that is composed of the sum of waveforms shown
in Fig.17A 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 VES
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 wvaried. Therefore, the
amplitude of the video signal S14, or the sum of VOF and VFS
depends on the full-scale voltage VFS.

In controlling the full-scale voltage VFS, the system
micro-computer 52, receiving the control sigﬁal S3 ocutputted
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
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only the output full-scale voltage VFS fromthe D/A converter 60 w thout
varying the offset voltage VOF outputted fromthe VOUT termnal of the DA
converter 61. Subsequently, chromaticity adjustnment to black will be
described with reference to Fig.14 which graphs the relation between .
applied voltage to liquid crystal and transmttance thereof for adjusting
chromaticity. As the sum of the offset voltage VOF and the full-scale
vol tage VFSwhich is the anplitude of the video signal S14 to be applied to
liquid crystal is controlled to be as-hid¢h- as VB3, the transnmittance of

liquid crystal becomes enough |ow to present reduced |ight output RAY from
the liquid vary the magnitude of the full-scale voltage VFS outputted

from a VOUT of the D/A converter 60. Meanwhile, as the
control signal S7 is alsc 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 from 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 VOFand the full-scale
voltage VFS which is the amplitude of the video signal S14
to be apélied to liquid crystal is controlled to be as high
as VB3, the transmittance of liquid crystal becomes enough
low to present reduced light output RAY from the liquid
crystal display device/optical converting section 57. 1In
contrast, as understood from Fig.l14, when the applied
voltage takes a value around VB3, the transm;ttance varies
considerably largely with variation o& the applied voltage,
so that gradation is hard to produce, and fherefore, error
arising in quantization of transmittance of liquid crystal
tends to become large as the transmittance is adjusted by

the y-correction.
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crystal display device/optical converting section 57. In contrast, as
understood from Fig.14, when the applied voltage takes a val ue around VB3,
the transmittance varies considerably largely with variation of the
applied voltage, so that gradation is hard to produce, and therefore,

error arising in quantization of transmttance of liquid crystal tends to
becone |large as the transmittance is adjusted by the y-correction.

- 45 -
On the other hand, if a little bit higher voltage is
applied so that the sum of the offset voltage VOF and the

full-scale voltage VFS may be equal to VWO, as understood

from Fig.1l4, 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 57 is too great, resulting in poor contrast.

This adjustment also is left to the micro-computer 51.
More specifically, the analog converting circuit 56, based
on the control signal S7, varies the video signal 814
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 TBl and TB3.
The thus selected optimal value is outputted. This control
is effected in the same manner for each of three RGB colbrs,
independently, so as to select a condition wherein all the
three colors present the best contrast and g;adation.

Next, Fig.1l8 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
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- 45 - On the other hand, if alittle bit higher voltage is applied
so that the sumof the offset voltage VOF and the full-scale voltage VFS
may be equal to VW, as understood fromFig.14, variation in transmttance
with the change of applied voltage is small in the vicinity of the voltage
VBO, so that gradation is easy to produce, but the |ight output RAY by
the liquid crystal display device/optical converting section 57 is too
great, resulting in poor contrast. - 46 -

chromaticity of unadjusted light output RAY and outputs the
measurement as a data signal S2 to the micro-computer 51.
The thus obtained chromaticity will be assumed to be
designated by (X, Y) on the chromaticity chart. This point
(X, Y) must belong to any one of regions 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 < Xtyp2, and Y < Ytyp2 sss (12)

If the measured chromaticity point (X, Y) lies in the
region 3), this status is recognized by the micro-computer
51 as the following expression:-

XsY, and Y 2 Ytyp2 see (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 | ese (14)

Fig.1l6B is a table showing controlling procedures to

be preset and corresponding colors to be controlled for

respective regions on the chromaticity chart when the
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This adjustnment also is left to the mcro-conputer 51. More specifically,
the anal og converting circuit 56, based on the control signal S7, varies
the video signal S14 representing the applied voltage to the liquid
crystal wthin a range of fromVBl to VB3 so that the transmttance of
the liquid crystal may be optimal between TB1 and TB3. The thus sel ected
optinmal value is outputted. This control is effected in the sanme manner
for each of three R@ colors, independently, so as to select a condit.ion
wherein all the three colors present the best contrast and gradati on.
Next, Fig.18 shows a chromaticity- #hart. Wth reference to the

figure, procedures to effect chromaticity .
chromaticity for "black" is tO be adjusted.

As an example, if a point (X, Y) satisfying the
condition (12) ié recognized by the micro-computer 51, the
step 1 in the row for the region 4) in Fig.l16B teaches to
perform adjustment of G-color. Therefore, in order to bring
Y (£ Ytyp2) close to Ytyp2, G-component in light output RAY
must be increased, or the applied voltage to the liquid
crystal is to be made small so as to reduce the amplitude
of the wvideo signal S14. To achieve this, the micro-
computer 51 sends for the system micro-computer 52 a signal

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

converting circuit 56g for G-component to thereby reduce the
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 ocutputted as an ocutput voltage VOUT

of the D/A converter 61 simultaneously.

By the controcl 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 51 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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adjustnment will be expl ai ned. First of all a target chromaticity point
defining "black"” is assuned to be designated by the coordinates (Xtyp2,
Ytyp2) on the chromaticity chart. The chromaticity neter 58 neasures the
- 46 - chromaticity of unadjusted |ight output RAY and outputs the

- 48 -
(Xtyp2, ¥Ytyp2) defined as "black".

Next, referring again to Fig.1l6B, the step 2 in the row
for the region 4) specifies to execute adjustment of R-
color. Therefore, in order to bring X (s _;gtypZ) 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 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 Xtyp2 of the point (Xtyp2, Ytyp2) defined as
"black". In 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 VOF and 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
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measurenent as a data signal S2 to the mcro-conputer 51. The thus

obt ai ned chromaticity will be assuned to be designated by (X, Y) on the
chromaticity chart. This point (X, Y) nust belong to any one of regions
4), 5) and 6). In order to deal with any possible chromaticity neasured,

a series of processing procedures is to have been determ ned I n advance
for each region, and the software for controlling the operation is to
have been programred in the mcro- conputer 51. I f the nmeasured

chromaticity point (X, Y) lies in the- d&gi-on 4), this status is recognized
by the micro-conputer 51 as the follow ng expression:-
signal S3 inputted, outputs a data signal S3 bearing the
information on the values of control signals S7 to a non-
volatile memory 53 so as to store the data therein.
Hereinafter, the thus stored voltage values will be
maintained without vanishing, and will be read out as

required as a data signal S4 to reproduce optimal offset

voltages VOF and full-scale wvoltages VFS.

The transmission of the control signal S3 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 58 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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X [err] Xtyp2, and Y [err] Ytyp2 .. (12) | f the neasured
chromaticity point (X, Y) lies inthe region 5), this status is recogni zed

‘by the mcro-conputer 51 as the foll ow ng expression:- X [err]
Y, and Y [err] Ytyp2 - .. (13) Alternatively, if the neasured
chromaticity point (X, Y) lies in the region 6), this status is recogni zed
by the mcro-conputer 51 as the foll owi ng expression: - X >,
and Y > Xtyp2 .. (19 Fig.16B is a table show ng

controlling procedures to be preset and corresponding colors to be
control l ed for - 50 -

liquid crystal devices.

In accordance with the present invention, corrective
data on each of the primary colors is formulated by the
linear interpolating technique so that a projected image
reproduced based on the corrective data exhibits little
chromaticity difference between neighboriné' 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 wvideo signals having analog values for each of
the primary colors are modulated 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
pbssible to obtain a projected image free from color
unevenness.

Further, inlaccordance 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 operator'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,

Bne bpe ke o e Sen g o on v B
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respective regions on the chromaticity chart when the

--47 - chromaticity for "black"™ is to be adjusted. As an exanple, if
a point (X, Y) satisfying the condition (12) is recognized by the

m cro-conputer 51, the step 1 in the rowfor the region 4) in Fig.16B
teaches to

- 51 -
even if a user misuses the apparatus, there is no risk that
the adjusted chromaticity might become out of fix so as not
to recover. Therefore, highly increased reliability of the

apparatus can be established.
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perform adjustnent of Gcolor. Therefore, in order to bring Y ([err]

Ytyp2) close to Ytyp2, G conponent in |ight output RAY nust be increased,
or the applied voltage to the liquid crystal is to be made small so as to
reduce the anplitude of the video signal S14. To achieve this, the

m cro- conputer 51 sends for the system m cro-conputer 52 a signal S3 so
as to increase the offset voltage VOFin the analog converting circuit 56g
for G conponent to thereby reduce the gpgplitude just nentioned. The
system m cro-conputer 52, having recéiagg’the signal S3, sends out for the
anal og converting circuit 56g the signal S7 to thereby reduce the

1. A projected image dispilaving apparatus for Zorming
images by projecting on a scrzen three kinds of lights
corresponding to the primarv color components of video
signals, comprising:

chromaticity measuring means for measuring chromaticity
at arbitrary coordinate points on said screen;

first operating means for calculating first corrective
data on each of the primary color components uniquely 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 measured;

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-ocut 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 waé made; and

correctively modulating means, preparing video
correcting signals for three primary color components based

on said first and second corrective data calculated by said
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of fset voltage VOFto be outputted as an output voltage VOUT of the DA
converter 61 sinultaneously. By the control operation described
above, as G conponent of the |ight output RAY becones |large, the
chromaticity nmeter 58 detects that the Y-coordinate of the chromaticity
I ncreases. The m cro-conputer 51 recognizes this information through the
out put signal S2. The above series of procedures will be repeated until
Y-val ue of the chromaticity neasurenentsggrees with Ytyp2 of the point

first and second operating means and modulating original
video signals with said prepared video correcting signals.

2. A method for correcting color unevenness in a
projected image displaying apparatus for forming images by
projecting on a screen three kinds of lights corresponding
to the primary color components of video signals, comprising
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-ocut 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

-~
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- 48 - (Xtyp2, Ytyp2) defined as "black". Next, referring again to
Frg.16B, the step 2 in the row for the region 4) specifies to execute
adjustnment of R color. Therefore, in order to bring X ([err] Xtyp2) close
to Xtyp2, R-conponent in the light output RAY nust be increased, or the
applied voltage to liquid crystal is to be nmade small. To achieve this,
the mcro-conmputer 51 sends for the system m cro-conputer 52 the signal S3

so as to
- 54 -
color components based on said first and second corrective
data calculated in the second and fourth steps and
modulating 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 outputted
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 first controlling
means, and

a chromaticity adjusting system which comprises:

.
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reduce the offset voltage VOF in the anal og converting circuit 56r for

R- conponent . Then, the sanme control sequence as executed above for
G conmponent of the light output RAY is to be nmade, and the series of
procedures will be repeated until X-value of the chromaticity nmeasurenent

agrees with Xtyp2 of the point (Xtyp2, Ytyp2) defined as "black™. In this
connection, if the internediately nodified point reaches other
chromaticity region in the way of the _controlling operation, the control
will be made following the proceduressdreviously set up for the region.

When t he control desgﬁibed above has been acconplished, ,
romatz.c:.ty measuring means LOr measuIing

chromaticity of light output emitted by said projected
image displaying unit; and

second controlling means outputting second
controlling signals instructing said first controlling
means to output first control information for
contrelling said vbltage varying means, based on the
measurement of chromaticity outputted from said

chromaticity measuring means.

IR
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the 51 send out for the 52 a control signal S3 which indicates that the
val ues of control signals S7 representing respective optinmum of fset

vol tage VOFand full-scale voltage VFS for each color should be stored so
as to reproduce these values at any tinme. The 52, in accordance with the

contr ol 56 - 49 -

A PROJECTED IMAGE DISPLAYING APPARATUS AND A METHOD
OF CORRECTING COLOR UNEVENNESS THEREIN

ABSTRACT OF THE DISCLOSURE;

A chromaticity meter measures chromaticity of light
output for each of picture elements selected. Calculated
from the measurement is corrective data on each of RGB
colors, which in turn used to calculate corrective data cn
each of RGB at unselected picture elements. Iﬁ this method,
original video signals for each of RGB colors will be
correctively modulated based on the thus obtained corrective
data. A projected image displaying apparatus is constructed
such that adjustment of chromaticity as to white as well as
to black from the measurement by the chromaticity meter of
chromaticity throughout the entire image, is carried out
uniformly and reliably by automatic control using a micro-
computer soO as to determine optimal condition for
correctively modulating the original video signal. This
apparatus further includes means for storing the thus

obtained optimal condition in a non-volatile memory.

FIGURE 8.




signal S3 inputted, outputs a data signal S5 bearing the information on
the values of control signals S7 to a non- volatile nenory 53 so as to
"store the data therein. Hereinafter, the thus stored voltage values wl|
be rmaintained w thout vanishing, and will be read out as required as a
data signal S4 to reproduce optimal off;set voltages VOFand full-scale
vol t ages VFS. The transm ssion of the control signal S3 fromthe 51
to 52 can be effected by not only wired nmeans but also by wireless neans
such as using infrared carrier wave signals, etc. Since a typica
proj ecting apparatus i.ncludes a 52 as
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standard equi pnent, 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 omt the 51 by providing a

52 that is enough effective to discharge the functions of the 51. In
this configuration, neasurenent by the chromaticity neter 58 on
chromaticity of the light output RAY ca? be directly accepted by 52, so
that it is possible to realize a systemat |ow cost still working nore
rapidly. Al t hough the above description has been nmade of an

enbodi ment using liquid crystal devices, this should be
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taken as a nere exanple, and the present invention can be applied to other
di spl ay devices such as a CRT in place of

- 50 - liquid crystal devices. In accordance with the present

i nvention, corrective data on each of the primary colors is fornul ated by
t he
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| i near interpolating technique so that a projected image reproduced based
on the corrective data exhibits little chromaticity difference between

nei ghboring picture elenments forned by the display el enents.

Accordingly, when the entire corrective data is used to prepare video
correcting signals having anal og values for each of the primary colors

and original video signals having anal oy 4al ues for each of the primary
colors are nodul ated based on the obtained video correcting signals, it is
possible to inhibit dispersed distribution on the display screen which
woul d be caused by the dispersion of the display elenents and therefore it
is
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possible to obtain a projected imge free fromcol or unevenness.
Further, in accordance with the present invention, it 1is possible to

mar kedly reduce the operations required for chromaticity adjustnent by the
operators and it is possible to assure rapid adjustnment of chromaticity,
regardl ess of the operator's skill. Since few additional externa
equi pnents such as circuits and connectifons are needed, the cost hardly

ri ses. Since the projected i mage di splay apparatus retains the
optimal chromaticity adjusted at the tinme of nmanufacture,
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there is norisk that the

- 51 - even if a user m suses the apparatus,
adj usted chromaticity m ght becone out of fix so as not to recover.
Therefore, highly increased reliability of the apparatus can be

est abl i shed.
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- 52 - CLAI MS: 1. A projected i mge displaying apparatus for
formng images by projecting on a screen three kinds of lights
corresponding to the primary col or conponents of video signals,

conpri si ng: chromaticity nmeasuring neans for neasuring chromaticity

-7 -

FIG.7
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at arbitrary coordinate points on said screen;

first operating nmeans
for calculating first corrective

data on each of the primary color
conponents uniquely from the chromaticity at the coordinate points
measured by said chromaticity neasuring neans; menory neans for
storing said first corrective data in -association with the coordi nates of
the points at which chromaticity has be&nm neasured; second

operating mneans reading out said first <corrective data in association
with a plurality of coordinate points fromsaid nenory neans and

cal cul ating, based on the read-out first corrective data, second
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corrective data used for correctively nodul ating video signals to be
applied to display elenents emtting three primary color conponents in
order to formpicture elenents at which no nmeasurenent of chromaticity was
made; and correctively nodul ating neans, preparing Video
correcting signals for three primary color conponents based on said first
and second corrective data cal cul ated by $at d

FIG.9
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- 53 - first and second operating nmeans and nodul ating original video
signals with said prepared video correcting signals. 2. A nethod for
correcting color unevenness in a projected inage displaying apparatus for
formng images by projecting on a screen three kinds of |ights
corresponding to the primary color conponents of video signals, conprising
the steps of: nmeasuring chromatiei g at arbitrary coordi nate points

on said screen (first step);
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calculating first corrective data on each of the primary color conponents
uni quely fromthe chromaticity at the coordinate points neasured in the
first step (second step); storing said first corrective data into
menory neans in association with the coordinates of the points at which
chromaticity has been neasured (third step); readi ng out said first
corrective data in association wth a-plirality of coordinate points from
said nenory neans and cal cul ating, based on the read-out first corrective
data, second corrective data used for correctively nodulating video
signals to be applied to display el enents

FIG, 11
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emtting three primary col or conponents in order to form picture elenents
at whi ch no neasurenent of chromaticity was nmade (fourth step); and
preparing video correcting signals for three primary

- 54 - color conponents based on said first and second corrective

- 12 -

FIG. 124
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data cal culated in the second and fourth steps and nodul ating ori gi nal
video signals by said prepared video <correcting signals (fifth step).

3. A projected inmage displaying apparatus according to claim1, further
conpri si ng: vol t age varyi ng nmeans capabl e of separately changi ng

anplitude vol tages and bias voltages of video signals outputted to said
di spl ay el enents; control ling neand3out putting control information
for controlling said voltage varying neans; and menory neans storing

the control information outputted

t he
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fromsaid controlling neans. 4. A projected i mage displ aying
appar at us, conpri sing: a projected i mage displaying unit which

conpri ses: vol t age varyi ng nmeans capabl e of separately

changi ng the anplitude voltages and bias vol tages of vi deo signals
outputted to display el enents; . first controlling nmeans outputting
first control information for cont-rdd4 i-ng said voltage varying

means; and nmenory means storing t he first contro
information outputted fromsaid first controlling means, and
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a chromaticity adjusting system which conpri ses:

- b5 -

second

Y

chromaticity neasuring neans
‘of light output emtted by said projected
controlling neans

>

(Xtypl, Ytypl), =

for neasuring chromaticity
i mage di splaying unit; and

outputting second
- 15 -
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controlling signals instructing said first controlling means to output
first control information for controlling said voltage varying neans,

based on the neasurenment of chromaticity outputted fromsaid chromaticity

measuri ng means.
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