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(57) ABSTRACT 

Aprojection type image display device includes a plurality 
of image display elements that perform modulation of light 
rays in accordance With an image signal, a color synthesiz 
ing optical element for synthesizing light rays having mutu 
ally different Wavelength ranges that have been modulated 
by these image display elements by use of a dichroic 
membrane, lens groups having a positive refractive poWer as 
a Whole that are disposed betWeen the image display element 
and the color synthesizing optical element, and a projection 
optical system for projecting an image synthesized by the 
color synthesizing optical element. The projection type 
image display device further includes a storage circuit for 
storing data used to correct the brightness irregularity of a 
projected image, and a brightness irregularity correcting 
circuit for correcting brightness irregularity of a projected 
image on the basis of the data stored in the storage circuit. 
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PROJECTION TYPE IMAGE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a projection type 
image display device, such as a liquid crystal projector, 
including a color synthesizing optical system that uses a 
dichroic membrane. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, various devices have been pro 
posed as a projection type image display device, such as a 
liquid crystal projector, including a color synthesiZing opti 
cal system. 

[0005] A conventional projection type image display 
device Will noW be described With reference to FIG. 8. In 
FIG. 8, White light emitted from a light source 201 is 
transformed into substantially parallel rays of light by a 
parabolic mirror 2, a re?ecting mirror (not shoWn), and a 
lens group (not shoWn). 

[0006] The substantially parallel rays of light are subjected 
to color separation by dichroic mirrors 203 and 204, highly 
re?ecting mirrors 205, 206 and 207, and a lens group (not 
shoWn), and are condensed to liquid crystal panels 208, 209 
and 210 disposed for each color. The each color light that has 
entered the liquid crystal panels 208, 209 and 210 is then 
modulated by the liquid crystal panels 208, 209 and 210 
displaying an image, thereby generating spatially modulated 
light according to the display image. 

[0007] Each color modulated light is subjected to color 
synthesis by a color synthesiZing dichroic prism 211, and is 
enlarged and projected onto a screen 213 through a projec 
tion lens group 212. MeanWhile, a group of positive refrac 
tive lenses 214, 215 and 216 are disposed betWeen each 
liquid crystal panel 208, 209 and 210 and the dichroic prism 
211 in order to reduce the optical system in siZe. Therefore, 
each color modulated light in the form of substantially 
parallel light that has passed through each liquid crystal 
panel 208, 209 and 210 is effected by the condensing 
(converging) action of the positive refractive lenses 214, 215 
and 216, and is made non-parallel. This non-parallel light 
strikes the color synthesiZing dichroic prism 211. 

[0008] Therefore, disadvantageously, for the example, the 
incidence angle of the light upon the dichroic membrane has 
a difference betWeen the right and the left of the image, and 
thereby a difference arises in the spectral/transmitted cutoff 
Wavelength in the dichroic membrane. As a result, in each 
color light, nonuniformity (color unevenness or brightness 
irregularity) in the brightness level occurs in the right and 
the left of the screen. 

[0009] As a solution to the color unevenness, a counter 
measure has been made to form a so-called gradient mem 
brane as the dichroic membrane in Which thickness or a 
refractive index slantingly varies in a speci?c direction. 

[0010] HoWever, there is a problem in that, usually, color 
unevenness can be simply corrected only in one direction in 
the thus formed gradient membrane, so that color uneven 
ness in each direction cannot be sufficiently corrected, and, 
in addition, a color synthesiZing prism becomes expensive 
due to the formation of the gradient membrane. 
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SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a projection type image display device capable of 
correcting color unevenness that easily occurs When a lens 
group With positive refractive poWer is disposed betWeen a 
color synthesiZing optical element, such as a color synthe 
siZing prism, and an image display element by a simple, 
inexpensive structure, irrespective of Whether a horiZontal or 
vertical direction in a projected image. 

[0012] In order to achieve the object, according to the 
present invention, in a projection type image display device 
that includes a plurality of image display elements for 
performing modulation of light rays in accordance With an 
image signal, a color synthesiZing optical element for syn 
thesiZing light rays different from each other in the Wave 
length range that have been modulated by these image 
display elements by use of a dichroic membrane, and a lens 
group that has positive refractive poWer as a Whole and that 
is disposed betWeen the image display elements and the 
color synthesiZing optical element, and a projection optical 
system for projecting an image synthesiZed by the color 
synthesiZing optical element, the projection type image 
display device further includes a storage circuit for storing 
data to correct brightness irregularity (the nonuniformity of 
a brightness level) of a projected image and a brightness 
irregularity correcting circuit for correcting brightness 
irregularity of a projected image on the basis of the data 
stored in the storage circuit. 

[0013] Thereby, it is possible to correct the nonuniformity 
(color unevenness) in the brightness level that easily occurs 
When the lens group With positive refractive poWer is 
disposed betWeen the color synthesiZing optical element and 
the image display element by a simple, inexpensive struc 
ture, irrespective of Whether a horiZontal or vertical direction 
in the projected image, and is possible to project and display 
an image With high picture quality and With no color 
unevenness. 

[0014] Additionally, When a gradient membrane is used as 
a dichroic membrane in order to correct color unevenness in 
a speci?c direction, color unevenness in a direction that 
cannot be optically corrected by this gradient membrane can 
be electrically corrected With ease. 

[0015] More speci?cally, the brightness irregularity cor 
recting circuit merely needs to correct an input signal to the 
image display element in each pixel of the image display 
elements or in each pixel area (i.e., pixel group) thereof. 
Other objects and structures of the present invention Will 
become apparent from disclosure of the embodiments pro 
vided later. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs a structure of a liquid crystal pro 
jector, Which is a ?rst embodiment of the present invention. 

[0017] FIG. 2 shoWs a structure of a signal-processing 
circuit in the liquid crystal projector. 

[0018] FIG. 3(a) and FIG. 3(b) explain the operation of a 
color unevenness correction circuit in the signal-processing 
circuit. 

[0019] FIG. 4 shoWs a structure of a signal-processing 
circuit in a liquid crystal projector, Which is a second 
embodiment of the present invention. 
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[0020] FIG. 5 shows a structure of a signal-processing 
circuit in a liquid crystal projector, Which is a third embodi 
ment of the present invention. 

[0021] FIG. 6 explains the operation of a color uneven 
ness correction circuit in the third embodiment. 

[0022] FIG. 7 explains an example of correction data 
creation in the ?rst embodiment. 

[0023] FIG. 8 shoWs a structure of a conventional liquid 
crystal projector. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] FIG. 1 shoWs a structure of a liquid crystal pro 
jector (projection type image display device), Which is an 
embodiment of the present invention. 

[0025] First, an optical system in a liquid crystal projector 
100 Will be described. In FIG. 1, White light emitted from 
a light source 1 is transformed into substantially parallel rays 
of light by a parabolic mirror 2, a re?ecting mirror (not 
shoWn), and a lens group (not shoWn). 

[0026] The substantially parallel light is subjected to color 
separation by dichroic mirrors 3 and 4, highly re?ecting 
mirrors 5, 6 and 7, and a lens group (not shoWn) so as to turn 
into each color of red, green and blue, and is condensed onto 
liquid crystal panels (image display elements) 8, 9 and 10 
disposed for each color. 

[0027] Light rays that have entered the liquid crystal 
panels 8, 9 and 10 are then modulated by the liquid crystal 
panels 8, 9 and 10, respectively, that display images, thereby 
producing spatially modulated light in accordance With the 
displayed images. 

[0028] The modulated light of each color is subjected to 
color synthesis by a color synthesiZing dichroic prism (color 
synthesiZing optical element) 11, and is enlarged and pro 
jected onto a screen 13 through a projection lens group 12. 

[0029] TWo dichroic membranes 11a and 11b that are each 
inclined With respect to an optical axis are disposed in the 
color synthesiZing dichroic prism 11 Without intersecting 
each other in the prism. 

[0030] The dichroic membrane 11a synthesiZes tWo kinds 
of color-modulated light among red modulated light, green 
modulated light, and blue modulated light that have mutu 
ally different Wavelength ranges by its re?ecting/transmit 
ting action. The dichroic membrane 11b synthesiZes the tWo 
kinds of color-modulated light that have been synthesiZed by 
the dichroic membrane 11a and the remaining color-modu 
lated light by its re?ecting/transmitting action. The modu 
lated light that has thus undergone the color synthesis is 
emitted from an emitting surface of the prism 11 to the 
projection lens group 12. 

[0031] In this embodiment, positive refractive lens groups 
14, 15 and 16 are disposed betWeen the liquid crystal panels 
8, 9 and 10 and the color synthesiZing dichroic prism 11, and 
thereby the optical system is reduced in siZe. 

[0032] Herein, each color-modulated light, Which is sub 
stantially parallel light and Which has been emitted from the 
liquid crystal panels 8, 9 and 10, is transformed into non 
parallel light by the condensing action (converging action) 
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of the positive refractive lens groups 14, 15 and 16. This 
non-parallel light enters the dichroic ?lms 11a and 11b of the 
color synthesiZing dichroic prism 11. Therefore, for the 
reason given in the description of the conventional tech 
nique, there is a fear that the nonuniformity of a brightness 
level (color unevenness) Will occur in an image projected 
onto the screen 13. HoWever, according to this embodiment, 
this color unevenness can be corrected regardless of direc 
tions on the image, as described later. 

[0033] Next, a description Will be given of electric-signal 
processing in the liquid crystal projector according to this 
embodiment. 

[0034] An image signal, such as a video signal or VGA 
signal, that has been input to a decoder 17 from the outside 
is digitiZed by the decoder 17, and is sent to a signal 
processing circuit 18. 

[0035] The signal-processing circuit 18 performs digital 
signal processing, such as resolution transformation or 
frame rate transformation, for the image signal, and per 
forms LCD signal processing, such as gamma correction by 
Which the VT characteristics of the liquid crystal panels 8, 
9 and 10 are corrected. 

[0036] The signal-processing circuit 18 further performs 
corrections necessary to correct the color unevenness in a 
color unevenness correction processing circuit (brightness 
irregularity correcting circuit) 19 for the image signal to be 
input to the liquid crystal panels 8, 9 and 10 that has 
undergone the aforementioned processings. 

[0037] Since the image signal is corrected to cancel the 
color unevenness brightness irregularity or nonuniformity of 
a brightness level) by these corrections, no color unevenness 
occurs in the image (projection image) formed by light rays 
that has been modulated by the liquid crystal panels 8, 9 and 
10 and that has been synthesiZed by the color-synthesizing 
prism 11. 

[0038] FIG. 2 shoWs in detail the signal-processing circuit 
18 that includes the color unevenness correction circuit 19. 
Image signals (DRi, DGi, DBi) digitiZed by the decoder 17 
are input to the color unevenness correction circuit 19 
through the digital signal processing circuit 22 for a scan 
converter or resolution transformation and through the LCD 
signal processing circuit 23. 

[0039] A frame memory 24 in Which correction data used 
to correct the color unevenness in horiZontal and vertical 
directions is stored is connected to the color unevenness 
correction circuit 19. The frame memory 24 is made up of 
a ROM and other elements, in Which the correction data is 
prestored. 

[0040] The color unevenness correction circuit 19 reads 
out correction data, Which synchroniZes With the image 
signals ARi, AGi and ABi input from the LCD signal 
processing circuit 23, from the frame memory 24 by use of 
a timing signal from a timing generator 21, and corrects the 
image signals ARi, AGi and ABi in real time. 

[0041] FIG. 7 shoWs an example of a method for creation 
of correction data. First, With respect to each color, image 
signals, each having a uniform brightness level, are sequen 
tially input to the liquid crystal panels 8, 9 and 10, and are 
displayed as images. 
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[0042] When projected onto the screen in this state, color 
unevenness occurs in the projected image on the screen in a 
horizontal or vertical direction. Herein, brightness data in 
the projected image on the screen of each color Will be 
designated as Lr (x,y), Lg (x,y) and Lb (x,y), and a maxi 
mum brightness value in the brightness data of each color 
Will be designated as Lr_max, Lg_max and Lb_max. 

[0043] The correction data mentioned here is a gain factor 
for performing a gain adjustment for each pixel of the liquid 
crystal panels 8, 9 and 10 in a direction Where unevenness 
in the brightness data is canceled, and is expressed as 
folloWs: 

[0044] Wherein (x,y) indicates coordinates at the spatial 
position of each pixel. 

[0045] HoWever, if there is no need to perform the pro 
cedure up to the gain adjustment for each pixel, the amount 
of correction data may be decreased so as to reduce the siZe 
of the frame memory 24 by setting the correction data shoWn 
by the equations (1), (2) and (3) for each arbitrary pixel area 
for simpli?cation. 

[0046] FIG. 3(a) shoWs an example of a correcting opera 
tion When a uniform White (gray) color is displayed. Since 
image signals input to the liquid crystal panel is a uniform 
White (gray) color, the image signals ARi, AGi and ABi prior 
to corrections have no positional level difference, and have 
a constant level in both horiZontal and vertical directions. 

[0047] HoWever, in order to prevent color unevenness 
from occurring in the projected image as described above, 
the correction data is created to cancel this color unevenness 
according to the method shoWn in FIG. 7. 

[0048] In other Words, although the image signal has a 
uniform brightness level (e.g., 255), such correction data so 
as to enlarge the gain is set as a projected image (modulated 
light) on the screen 13 in a pixel or in a pixel area in Which 
brightness becomes loWer than the maximum brightness 
Lr_max, Lg_max and Lb_max because of the color uneven 
ness. 

[0049] FIG. 3(b) shoWs an example of correction data 
stored in the frame memory 24. Image signals (after-correc 
tion signals) obtained after completion of corrections are 
expressed as folloWs: 

[0050] Wherein Cr (x,y), Cb (x,y) and Cg (x,y) are red 
correction data, blue correction data and green correction 
data, respectively. 

[0051] The after-correction signal (ARo, AGo, ABo) of 
each color that has passed through the color unevenness 
correction circuit 19 is changed into a signal having an 
inclination or variation as shoWn in FIG. 3(a). 

[0052] Since the liquid crystal panels 8, 9 and 10 driven by 
use of the after-correction signal (ARo, AGo, ABo) have 
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space transmittance characteristics by Which color uneven 
ness is canceled, an image having uniform brightness is 
displayed on the screen 13. 

[0053] As described above, according to this embodiment, 
electric signals input to the liquid crystal panels 8, 9 and 10 
are corrected to eliminate the color unevenness of a pro 

jected image caused by an optical system, and, accordingly, 
the aforementioned color unevenness can be corrected by a 
simple, inexpensive structure, regardless of Whether a hori 
Zontal or vertical direction in a projection screen. 

[0054] In the above embodiment (FIG. 2), a description 
Was given of a case in Which color-unevenness-correction 
processing is applied to the output signal from the LCD 
signal processing circuit 23 by means of the color uneven 
ness correction circuit 19. Instead of this, as shoWn in FIG. 
4, color unevenness correction processing can be applied to 
the output signal from the digital signal processing circuit 30 
prior to the step of being input to the LCD signal processing 
circuit 23. 

[0055] In this case, ampli?ers 25, 26 and 27 of FIG. 2 are 
realiZed by multipliers 32, 33 and 34. 

[0056] Further, in this case, since color unevenness cor 
rection processing is performed at the stage preceding the 
LCD signal processing circuit 23 by Which the VT charac 
teristics of the liquid crystal panels 8, 9 and 10 are corrected, 
correction data is expressed as folloWs: 

voltage-transmittance characteristic transformation func 
tions of the liquid crystal panels 8, 9 and 10. 

[0058] Color unevenness correction processing may be 
performed at any position betWeen the input of the digital 
signal processing unit 22 and input of the LCD driving unit 
20 according to methods other than the methods of FIG. 2 
and FIG. 4 as long as a correction circuit capable of gain 
control is disposed at each spatial position of a pixel or a 
pixel area. 

[0059] FIG. 5 shoWs the structure of a liquid crystal 
projector (projection type image display device), Which is 
another embodiment of the present invention. In this 
embodiment, the same reference symbols as in the above 
embodiment are given to the same constituent elements as in 
the above embodiment. 

[0060] In this embodiment, dichroic membranes 50A and 
50B that are provided in the color synthesiZing dichroic 
prism 50 are each formed With a gradient membrane in 
Which thickness or a refractive index slantingly varies in a 
speci?c direction. The optical system of FIG. 5 has the same 
structure as that of FIG. 2, except for the color synthesiZing 
dichroic prism 50. 

[0061] Since the gradient membrane are used as dichroic 
membranes 50A and 50B, light that passes through any 
position of the liquid crystal panels 8, 9 and 10 becomes 
equal in the incidence angle upon the dichroic membranes 
50A and 50B in the horiZontal direction that corresponds to 
the characteristic inclination direction of the gradient mem 
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brane, and therefore color unevenness can be prevented from 
occurring in the horizontal direction. 

[0062] HoWever, as in the above embodiment, an electric 
color unevenness correction is needed in the vertical direc 
tion. 

[0063] When gradient membranes used for the dichroic 
membranes 50A and 50B are reduced in cost, there is a case 
in Which unevenness in characteristics occurs, and color 
unevenness cannot be completely corrected even in the 
horiZontal direction. In this case, as in the above embodi 
ment, color unevenness correction processing must be elec 
trically performed in the horiZontal and vertical directions. 

[0064] FIG. 6 shoWs an example of a correcting operation 
When a uniform White (gray) color is displayed on the liquid 
crystal panels 8, 9 and 10. Color unevenness in the hori 
Zontal direction can be almost completely corrected by use 
of a properly formed gradient membrane. HoWever, since 
color unevenness in the vertical direction cannot be cor 
rected, correction data to be stored in a frame memory or a 
line memory 51 is created to cancel the color unevenness in 
the vertical direction. 

[0065] Only one-dimensional data in the vertical direction 
can be roughly used as correction data. HoWever, if precisely 
corrected, tWo-dimensional data may be used as in the above 
embodiment. 

[0066] FIG. 6 shoWs a case in Which color unevenness 
correction processing is performed only in the vertical 
direction. In this case, the memory 51 can be formed With a 
line memory for a vertical line. 

[0067] Image signals (after-correction signals) obtained 
after completion of corrections are expressed as folloWs: 

ARo (y)=Cr (y)><ARi (y) (10) 

A190 (y)=Cb (y)><ABi (y) (11) 

AGO <y>=cg (Mo (y) (12) 

[0068] Wherein Cr (y), Cb (y) and Cg (y) are red correction 
data, blue correction data and green correction data, respec 
tively, stored in the line memory 50. 

[0069] Since the liquid crystal panels 8, 9 and 10 driven by 
use of after-correction signals (ARo, AGo, ABo) have space 
transmittance characteristics by Which color unevenness in 
the vertical direction is canceled, an image having uniform 
brightness is displayed on the screen 13. 

[0070] As described above, according to this embodiment, 
the color unevenness of the projected image caused by the 
optical system is corrected by using the gradient membrane 
in the horiZontal direction and by correcting the electric 
signals input to the liquid crystal panels 8, 9 and 10 in the 
vertical direction. Therefore, the aforementioned color 
unevenness can be corrected by a simple, inexpensive struc 
ture. 

[0071] Color unevenness correction processing may be 
performed at any position betWeen input of digital signal 
processing unit 22 and input of LCD driving unit 20 accord 
ing to methods other than the method of FIG. 5 as long as 
a correction circuit capable of gain control is disposed at 
each spatial position of a pixel or a pixel area. 

[0072] In each of the aforementioned embodiments, a 
description Was given of a case in Which the prism 11 having 
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the dichroic membrane is used as the color synthesiZing 
optical element. HoWever, Without being limited to this 
prism, the present invention can be applied to a case in 
Which other color synthesiZing optical elements, such as an 
element in Which a dichroic membrane is provided on a plate 
glass, are used. 

[0073] Further, in each of the aforementioned embodi 
ments, a description Was given of a case in Which the liquid 
crystal panel (LCD) is used as the image display element. 
HoWever, the present invention can also be applied to a case 
in Which image display elements other than the liquid crystal 
panel are used. 

[0074] As described above, according to all of aforemen 
tioned embodiments, it is possible to correct the nonunifor 
mity (color unevenness) of a brightness level that easily 
occurs When a lens group With positive refractive poWer is 
disposed betWeen a color synthesiZing optical element and 
an image display element by a simple, inexpensive structure 
irrespective of Whether a horiZontal or vertical direction in 
the projected image, and is possible to project and display an 
image With high picture quality and With no color uneven 
ness. 

[0075] Additionally, When a gradient membrane is used as 
a dichroic membrane in order to correct color unevenness in 
a speci?c direction, color unevenness in a direction that 
cannot be optically corrected by this gradient membrane can 
be electrically corrected With ease. 

1-5. (canceled) 
6. A projection type image display device comprising: 

a plurality of image display elements, each of Which 
modulates light rays in accordance With an image 
signal; 

a color synthesiZing optical element comprising a dichroic 
?lm including a gradient ?lm in Which its thickness 
varies in a predetermined direction, the color synthe 
siZing optical element synthesiZing the light rays modu 
lated by the plurality of image display elements; 

a projection optical system projecting the light rays syn 
thesiZed by the color synthesiZing optical element onto 
a projection surface; and 

a signal processing circuit Which corrects the image signal 
by one of each pixel and each pixel area such that 
brightness irregularity in the predetermined direction of 
an image projected by the projection optical system is 
reduced or cancelled, 

Wherein the signal processing circuit corrects the image 
signal such that the brightness irregularity, Which can 
not be corrected by the gradient ?lm, is reduced or 
cancelled. 

7. The projection type image display device according to 
claim 6, Wherein the signal processing circuit corrects the 
image signal such that the brightness irregularity in the 
predetermined direction Which cannot be corrected by the 
gradient ?lm is cancelled. 

8. The projection type image display device according to 
claim 6, further comprising a positive refractive lens dis 
posed betWeen the image display elements and the color 
synthesiZing optical element, 
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wherein an incident angle onto the dichroic ?lm of the synthesizing optical element synthesizing the light rays 
light rays condensed by the positive refractive lens modulated by the plurality of image display elernents; 
varies in the predetermined direction. 

9. The projection type image display device according to a Projection Optical System Projecting the light rays Syn‘ 
claim 6, Wherein the dichroic ?lm re?ects a ?rst color light theSiZed by the Color synthesizing Optical element Onto 
and transmits a second light, the ?rst color light being one a Projection Surface; and 
of red color light, a green color light and a blue color light _ _ _ _ _ _ _ 

With different Wavelength regions, and the second color light a slgnal processmg cllcult Whlch corref’ts the lmage slgnal 
being one of the other tWo lights that are not re?ected. by_ one of_each pnfeland each P1Xe1_ area _sucl_l that 

10_ A projection type image display device Comprising: brightness irregularity in the predetermined direction of 
an image projected by the projection optical system is 
reduced or cancelled, Wherein the signal processing 
circuit corrects the image signal such that the bright 
ness irregularity, Which cannot be corrected by the 

a color synthesiZing optical element comprising a dichroic gradient ?1m> is reduced or Cancelled 
?lrn including a gradient ?lrn in Which its refractive 
indeX varies in a predetermined direction, the color * * * * * 

a plurality of image display elements, each of Which 
rnodulates light rays in accordance With an image 
signal; 


