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(57) ABSTRACT 

The invention provides a projector having a light source, a 
display device to modulate light emitted from the light 
source, a lens device to project light emitted from said light 
source via said display device, Wherein the lens device has 
a diaphragm mechanism that is formed having an aperture, 
an object detector to detect an object between the lens device 
and the screen, and a diaphragm mechanism drive control to 
drive the diaphragm mechanism so as to reduce a siZe of an 

opening of the aperture of the diaphragm mechanism When 
the object detector detects an object between the lens device 
and the screen. 
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PROJECTOR HAVING AN OBJECT DETECTOR 

REFERENCE TO RELATED APPLICATION 

[0001] This application is a division of Ser. No. 10/703, 
166, ?led Nov. 7, 2003, Which is hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a projector for 
projecting light that has been modulated by a display device. 

BACKGROUND OF THE INVENTION 

[0003] Various projectors that are adapted to guide via a 
lighting optical system to a display device, such as liquid 
crystal panels, light emitted from a light source and project 
said light onto a screen via a lens device after modulating the 
light by the display device are knoWn conventionally (e.g. 
Japanese Unexamined Patent Application Publication No. 
Hei-843729). In order to improve the contrast of a projected 
image, the lens device of a conventional projector may be 
provided With a diaphragm mechanism Which has a circular 
aperture and is positioned Within a group of lenses. 

[0004] In the case of projectors that use liquid crystal 
panels or the like as the display device, it is necessary to 
ensure telecentricity betWeen the display device and the lens 
device. Therefore, in order to improve the contrast of a 
projected image While limiting the reduction of telecentric 
properties, the entire lens device has to be designed to permit 
adjusting of the aperture diameters of the lens frames that 
secure the respective lenses. 

SUMMARY OF THE INVENTION 

[0005] HoWever, setting the aperture diameters of all the 
lens frames supporting the respective lenses of the entire 
lens device is complicated and makes the reduction of 
production costs dif?cult. 

[0006] In order to solve the above problem, an object of 
the present invention is to provide a lens device and a 
projector Which facilitate the improvement of image quality. 

[0007] The lens device of this invention is a lens device of 
a projector for projecting light that has been modulated and 
emitted by a display device, Wherein the lens device is 
arranged telecentric to rays of light emitted from said 
display device and provided With a diaphragm mechanism 
having an aperture at such a position that the principal rays 
emitted from various locations on the display device inter 
sect With the optical axis. 

[0008] With such a con?guration, this lens device is 
capable of increasing the F-number (in other Words reducing 
the vieW angle) so as to shut out the light that passes near the 
perimeter of the lens, Which is the area prone to the in?uence 
of lens aberration. By thus forming a projection image of the 
light that passes near the center of the lens and is therefore 
less prone to lens aberration, this lens device is capable of 
improving the contrast of the projected image. As the lens 
device is arranged so as to be telecentric to rays of light 
emitted from the display device, the principal rays of light 
emitted from various locations of the display device con 
verge at a single point and intersect With the optical axis. 
Providing the diaphragm mechanism With an aperture at 
such a position that the principal rays intersect With the 
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optical axis permits rays of light emitted from various 
locations on the display device to be shut out in a symmetri 
cal manner With respect to the optical axis, thereby limiting 
reduction in telecentricity and, consequently, easily ensuring 
both telecentricity and improved contrast. 

[0009] In the lens device of this invention, the shape of the 
aperture of the diaphragm mechanism is determined in 
accordance With contrast characteristics With respect to 
directions and angles of incidence to the display device so as 
to ensure a suf?ciently high contrast. Compared With a 
con?guration that includes a circular aperture, such a lens 
device is capable of limiting reduction in illuminance of a 
projected image and also easier to improve the contrast of a 
projected image. The diaphragm mechanism may also be 
designed such that the siZe of its aperture is adjustable. The 
con?guration described above facilitates adjustment of the 
contrast and the brightness of a projected image. 

[0010] A projector according to this invention includes a 
light source, a display device adapted to modulate light 
emitted from the light source, and a lens device of this 
invention as described above Which is adapted to project 
light emitted from said light source via the display device. 
As a result of inclusion of such a lens device, this projector 
easily ensures both telecentricity and improved contrast. 

[0011] A projector of this invention includes a light 
source, a display device adapted to modulate light emitted 
from the light source, a lens device Which is provided With 
a diaphragm mechanism and adapted to project light emitted 
from said light source via said display device, an image 
signal intensity detecting means for detecting and evaluating 
the intensity of image signals to be input into the display 
means, a diaphragm mechanism drive control means 
adapted to drive the diaphragm mechanism so as to reduce 
the siZe of the aperture of the diaphragm mechanism When 
the image signal intensity detecting means ascertains that the 
intensity of the image signal is loWer than a given level, and 
an image signal control means adapted to increase the 
intensity of the image signal When the image signal intensity 
detecting means ascertains that the intensity of the image 
signal is loWer than a given level. 

[0012] Should the intensity of image signals input into the 
display device be at a loW level, a projector having the 
con?guration described above is capable of increasing the 
contrast of a projected image While maintaining its illumi 
nance by reducing the siZe of the opening of the aperture of 
the diaphragm mechanism and increasing the intensity of the 
image signals. 
[0013] A projector claimed of this invention includes a 
light source, a display device adapted to modulate light 
emitted from the light source, a lens device Which is 
provided With a diaphragm mechanism and adapted to 
project onto a screen light emitted from said light source via 
said display device, an object detecting means for detecting 
an object betWeen the lens device and the screen, and a 
diaphragm mechanism drive control means adapted to drive 
the diaphragm mechanism so as to reduce the siZe of the 
opening of the aperture of the diaphragm mechanism When 
the object detecting means detects an object betWeen the 
lens device and the screen. Should there be an object 
betWeen the lens device and the screen, a projector having 
this con?guration is capable of limiting the impact light has 
on the object by reducing the dimension of the aperture of 
the diaphragm mechanism. 
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[0014] A projector of this invention includes a light 
source, a display device adapted to modulate light emitted 
from the light source, a lens device Which is provided With 
a diaphragm mechanism and adapted to project onto a screen 
light emitted from said light source via said display device, 
an ambient light illuminance detecting means for measuring 
ambient light illuminance, a projected image illuminance 
detecting means for measuring the illuminance of an image 
projected on the screen, an illuminance comparing means for 
comparing an illuminance detected by the ambient light 
illuminance detecting means and an illuminance detected by 
the projected image illuminance detecting means, and a 
diaphragm mechanism/image signal control means for con 
trolling intensity of image signals input into the display 
device and the siZe of the opening of the aperture of the 
diaphragm mechanism in accordance With a result of com 
parison by the illuminance comparing means. Should the 
illuminance of an image projected on the screen not be 
su?iciently intense With respect to the illuminance in the 
room, this projector is capable of reducing the siZe of the 
opening of the diaphragm mechanism so as to increase the 
contrast of the projected image and setting the intensity of 
the image signals at a high level so as to limit reduction in 
the illuminance of the projected image. The lens device may 
be arranged so as to be telecentric to rays of light emitted 
from the display device and provided With a diaphragm 
mechanism Whose aperture is positioned so that the principal 
rays of light emitted from the display device intersect With 
the optical axis. 

[0015] As the lens device is arranged telecentric to rays of 
light emitted from the display device, the principal rays of 
light emitted from various locations of the display device 
converge at a single point and intersect With the optical axis. 
Therefore, by providing the diaphragm mechanism With an 
aperture at such a position that the principal rays intersect 
With the optical axis, rays of light emitted from various 
locations on the display device can be shut out in a sym 
metrical manner With respect to the optical axis so that 
reduction in telecentricity is limited. Thus, this projector 
easily ensures both telecentricity and improved contrast. In 
this type of projector, the shape of the aperture of the 
diaphragm mechanism is determined in accordance With 
contrast characteristics With respect to directions and angles 
of incidence to the display device so as to ensure a suffi 
ciently high contrast. Compared With a con?guration that 
includes a circular aperture, this projector facilitates 
improvement of the contrast of a projected image While 
limiting reduction in illuminance of the projected image. 
This projector may also include a display device Which is 
comprised of liquid crystal panels. With the con?guration as 
above, such a projector facilitates the improvement of image 
quality by improving the contrast of the image While ensur 
ing telecentricity even in cases Where the projector includes 
liquid crystal panels having contrast characteristics that are 
polariZed With respect to the direction and angle of inci 
dence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic illustration of a part of an 
embodiment of a projector provided With a lens device 
according to the present invention. 

[0017] FIG. 2 is a schematic illustration of a ?rst embodi 
ment of a diaphragm mechanism of said lens device. 
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[0018] FIG. 3 is a schematic illustration of a second 
embodiment of a projector of the invention. 

[0019] FIG. 4 is a schematic illustration of a fourth 
embodiment of a projector of the invention. 

[0020] FIG. 5 is a schematic illustration of a ?fth embodi 
ment of a projector of the invention. 

[0021] FIG. 6 shoWs a measurement system for measuring 
the ?eld angle characteristics of liquid crystal panels of said 
projector. 

[0022] FIG. 7 shoWs another measurement system for 
measuring the ?eld angle characteristics of said liquid 
crystal panels. 

[0023] FIG. 8 shoWs said measurement system for mea 
suring the ?eld angle characteristics of said liquid crystal 
panels. 

[0024] FIG. 9 is a graph shoWing the relationship betWeen 
optical angles and relative light intensities of rays of light 
entering said liquid crystal panels. 

[0025] FIG. 10 is a graph shoWing results of measurement 
of the ?eld angle characteristics of said liquid crystal panels. 

[0026] FIG. 11 is a schematic illustration of diaphragm 
mechanism to explain a sixth embodiment of a projector of 
the invention. 

[0027] FIG. 12 is a schematic illustration of diaphragm 
mechanism to explain a seventh embodiment of a projector 
of the invention. 

[0028] FIG. 13 is a schematic illustration of diaphragm 
mechanism to explain an eighth embodiment of a projector 
of the invention. 

[0029] FIG. 14 is a schematic illustration of diaphragm 
mechanism to explain a ninth embodiment of a projector of 
the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] Next, a lens device and a projector according to an 
embodiment of the present invention are explained hereun 
der, referring to relevant draWings. 

[0031] Referring to FIG. 1, numeral 1 denotes a projector, 
Which includes a light source (not shoWn), three liquid 
crystal panels (LCD) 3, and an optical system. The liquid 
crystal panels 3 serves as a display device, Which functions 
as a modulating means to modulate light emitted from the 
light source. The optical system functions to project light 
emitted from the light source via the liquid crystal panels 3 
onto a screen S. The optical system has a lighting optical 
system and a lens device 6. The lighting optical system 
includes a dichroic mirror or a similar device to guide to the 
liquid crystal panels 3 light emitted from the light source. 
The lens device 6 serves as a projection optical system for 
projecting onto the screen S rays of light emitted from the 
liquid crystal panels 3. The lens device 6 has a dichroic 
prism 8 and a projection lens 10. The dichroic prism 8 serves 
to combine color light, i.e. red (R), green (G), and blue (B), 
emitted from the plural number of liquid crystal panels 3. 
The projection lens 10 serves to enlarge and project light that 
has exited from the dichroic prism 8. 
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[0032] The projection lens 10 includes a lens barrel 11, in 
Which the ?rst through ?fth lens L1-L5, a diaphragm mecha 
nism 14, and the sixth through eleventh lens L6-L11 are 
arranged along an optical axis B in this order from the end 
that is close to the screen S. 

[0033] The lenses L1-L11 are arranged telecentric to light 
emitted from the liquid crystal panels 3. As a result, of the 
rays of light that have passed through various locations, i.e. 
pixels, on the liquid crystal panels 3, principal rays A, Which 
are rays of light orthogonal to the surfaces of the liquid 
crystal panels 3, converge at a point G on the optical axis B. 
In other Words, the principal rays A, Which are rays of light 
emitted parallel to the optical axis B, intersect With the 
optical axis B at the point G 

[0034] As shoWn in FIGS. 1 and 2, the diaphragm mecha 
nism 14 of the projection lens 10 includes a shield section 15 
for blocking light, an aperture 16 for passing light, and an 
operating means 18. The aperture 16 is positioned so that the 
optical axis B passes through the aperture 16 and that the 
point G, at Which the principal rays A converge, is located 
in the aperture 16. The aperture 16 does not have a circular 
shape; its shape is determined in accordance With ?eld angle 
characteristics of the liquid crystal panels 3, in other Words 
contrast characteristics With respect to directions and angles 
of incidence. In the case of the present embodiment, the 
aperture 16 is formed in the shape of an equilateral triangle. 
The diaphragm mechanism 14 is designed so that the siZe of 
the opening of its aperture 16 can be adjusted by operating 
the operating means 18 manually or automatically so as to 
adjust the shield section 15 and the aperture 16. In the case 
of the embodiment, the shield section 15 and the aperture 16 
are adjusted so as to change the siZe of the aperture 16 
Without changing its shape. 

[0035] As described above, the projection lens 10 of the 
embodiment is provided With the diaphragm mechanism 14. 
Therefore, by increasing the F-number of the projection lens 
10 (in other Words by reducing the vieW angle), more of the 
stray light inside the lens barrel 11, i.e. the illuminating light 
re?ected by the inner surface of the lens barrel 11, is 
permitted to enter, and the light that passes near the perim 
eter of the lens, Which is the area prone to the in?uence of 
lens aberration, is shut out. As a result, a projection image 
is formed of the light that passes near the center of the lens 
and is therefore less prone to the in?uence of incidence of 
stray light or lens aberration. The embodiment described 
above is thus capable of providing an image With an 
improved contrast. Limiting the amount of light by means of 
the diaphragm mechanism 14 results in darker projection 
images. 

[0036] The diaphragm mechanism 14 for adjusting con 
trast is disposed at such a location that the principal rays A 
intersect With the optical axis B. This con?guration enables 
the appropriate disposition of the diaphragm mechanism 14 
Without impairing its telecentric property. With a projection 
type display, particularly in the case of a projector 1 Which 
uses liquid crystal panels 3 as the display device, it is 
important to ensure the telecentricity of light betWeen the 
display device and the projection lens 10. Therefore, the 
projection lens 10 of the lens device 6 has such a structure 
that the principal rays A of the light emitted from the pixels 
of the liquid crystal panels 3 are telecentric, in other Words 
parallel to the optical axis B. As the diaphragm mechanism 
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14 of the embodiment described above is disposed at such a 
location that the principal rays A intersect With the optical 
axis B of the optical system, rays of light emitted from the 
pixels can be shut out in a relatively symmetrical manner 
With respect to the optical axis B. For example, the upper 
light beam and the loWer light beam from each pixel can be 
shut out symmetrically With respect to the optical axis B. 
Because of this feature, the lens device 6 of the embodiment 
is capable of improving contrast of projected images Without 
reducing the telecentric property. 

[0037] As a single diaphragm mechanism 14 is su?icient 
to obtain a large F-number, it is easy to achieve tWo things 
at the same time, i.e. setting F-number (in other Words 
contrast) and ensuring telecentricity, Without the necessity of 
adjusting the aperture diameter of each lens frame of the 
entire lens device. The present embodiment is therefore 
effective in reducing production costs of the lens device. 

[0038] As the diaphragm mechanism 14 is provided With 
an operating means 18 that is capable of adjusting the siZe 
of the opening of the aperture 16, a desired image quality can 
be easily achieved by adjusting the balance betWeen the 
contrast and the brightness of the image When the device is 
in use or When the aperture is adjusted in the production 
process or in any other occasion. The operating means 18 
may be provided in various forms; for example, it can be 
formed as a lever to be rotated around the lens barrel 11. 

[0039] The shape of the aperture 16 of the diaphragm 
mechanism 14 is determined in accordance With ?eld angle 
characteristics of the liquid crystal panels 3, i.e. contrast 
characteristics With respect to directions and angles of 
incidence (in the case of the present embodiment, the 
aperture 16 is formed in the shape of an equilateral triangle). 
This feature o?‘ers improved contrast While limiting reduc 
tion in illuminance of a projected image. 

[0040] The diaphragm mechanism 14 may be provided 
With a driving means, such as a motor, so that the siZe of the 
opening of the aperture 16 can be adjusted by using the 
driving force of the driving means. An explanation is given 
of the structures of the second through ?fth embodiments of 
the invention, each of Which has such a driving means to 
drive the diaphragm mechanism 14. 

[0041] Although not shoWn in the draWings, the second 
embodiment calls for the operator of the projector 1 to drive 
a motor (not shoWn), Which serves as the aforementioned 
driving means, by operating a driving sWitch of the motor 
While Watching an image projected on the screen S so as to 
achieve a desired brightness and contrast of the projected 
image to improve the image quality. 

[0042] The third embodiment of the invention calls for 
improving the image quality by automatically adjusting the 
siZe of the aperture 16 of the diaphragm mechanism 14 and 
the intensity of image signals in accordance With the inten 
sity level of image signals and brightness of an image 
projected on the screen S. 

[0043] As shoWn in FIG. 3, the projector 1 of the third 
embodiment includes an image signal control circuit 21, a 
diaphragm mechanism drive control circuit 22, an image 
signal intensity detecting circuit 23, and a projected image 
illuminance detecting circuit 25. The image signal control 
circuit 21 serves as an image signal control means for 
controlling image signals to be input into the liquid crystal 
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panels 3, Which collectively serve as a display device. The 
diaphragm mechanism drive control circuit 22 serves as a 
diaphragm mechanism drive control means for changing the 
area of the aperture 16 of the diaphragm mechanism 14 by 
controlling the diaphragm mechanism 14. The image signal 
intensity detecting circuit 23 serves as an image signal 
intensity detecting means for detecting and evaluating the 
intensity of image signals to be input into the liquid crystal 
panels 3. The projected image illuminance detecting circuit 
25 serves as a projected image illuminance detecting means 
for detecting brightness of images projected on the screen S 
via photoelectric elements 24. The photoelectric elements 24 
serve as a light receiving section. According to the intensity 
level of image signals detected by the projected image 
illuminance detecting circuit 25, the image signal control 
circuit 21 controls the intensity of image signals input into 
the liquid crystal panels 3, and the diaphragm mechanism 
drive control circuit 22 adjusts the siZe of the opening of the 
aperture 16 by driving the motor of the diaphragm mecha 
nism 14. 

[0044] The projector 1 of the third embodiment described 
above is designed such that When the intensity of the image 
signals on the screen S except for the perfect black portion, 
in other Words the image signals that form an projected 
image, is loWer than a given level, the motor is driven so as 
to reduce the siZe of the opening of the aperture 16 of the 
diaphragm mechanism 14, While the intensity of the image 
signals input to the liquid crystal panels 3 is increased so that 
the illuminance of the projected image, Which has decreased 
as a result of the reduction of the siZe of the opening of the 
aperture 16, is returned to the level of illuminance prior to 
the reduction of the opening. 

[0045] The term “the perfect black portion” mentioned 
above refers to the part of the screen S that corresponds to 
the part displayed as “black” on the liquid crystal panels 3, 
Which is the portion Where light has passed through liquid 
crystal cells of the liquid crystal panels 3 but failed to pass 
through analyZers. In cases Where the part displayed as 
“black” on the liquid crystal panels 3 is capable of com 
pletely shutting out light from the light source, the illumi 
nance of the perfect black portion depends on the brightness 
of the ambient light around the screen S, such as light in the 
room. In reality, hoWever, the liquid crystal panels 3 are 
unable to shut out light completely even in a black-display 
state, and leaked light is projected onto the screen S. As a 
result, the perfect black portion is in such a state as to be 
illuminated vaguely by projected light. 

[0046] Should the image signal control circuit 21 deter 
mine that approximately 95% or more of the image signals, 
in other Words more than 95% of the liquid crystal cells that 
are being driven by the image signals, are being driven at an 
intensity level loWer than 70% of the maximum intensity 
level, the image signal control circuit 21 stores the illumi 
nance of the projected image at the moment, ie the illumi 
nance prior to reduction of the siZe of the opening of the 
aperture 16, and the diaphragm mechanism drive control 
circuit 22 drives the motor so that the siZe of the opening of 
the aperture 16 becomes 70% of the area When the aperture 
16 is fully open. After the siZe of the opening of the aperture 
16 reaches 70% of the area of the fully open aperture 16, the 
image signal control circuit 21 increases the intensity of the 
image signals so that the illuminance of the projected image 
detected by the projected image illuminance detecting cir 
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cuit 25 becomes the same as the illuminance prior to the 
reduction of the siZe of the opening of the aperture 16. 

[0047] Rather than depending on the illuminance of a 
projected image, control may be performed by increasing the 
overall intensity of the image signals by 10% of the average 
intensity of the image signals. 

[0048] Another Way of control is to limit the part that 
exceeds the maximum level Within 5% of the entire image 
signals When increasing the level of the image signals. When 
the overall intensity of the image signals is increased, the 
intensity of a part of the image signals that is already at a 
high level reaches the maximum level. As a result, the image 
projected by the light that has passed through the liquid 
crystal cells corresponding to such a part has no hue, in other 
Words, it is White. Such a state is called halation and impairs 
the quality of the projected image. Therefore, in order to 
reduce halation and thereby prevent reduction in the image 
quality, the image signals are controlled so as to limit the 
part Where the intensity of the image signals exceeds the 
maximum level, for example Within 5% of the entire pro 
jected image as in the case of the embodiment described 
above. 

[0049] As described above, When the image signals input 
into the liquid crystal panels 3 are at a loW intensity level, 
the image quality can be improved by reducing the siZe of 
the opening of the aperture 16 of the diaphragm mechanism 
14 and increasing the intensity level of the image signals so 
as to increase the contrast While maintaining the illuminance 
of the projected image at the level identical to that prior to 
the reduction of the siZe of the opening of the aperture 16. 

[0050] Reduction of the siZe of the opening of the aperture 
16 reduces the quantity of the light that reaches the screen 
S via the liquid crystal panels 3, resulting in reduced 
illuminance of the projected image as Well as darker perfect 
black portion. Therefore, increasing the intensity level of 
image signals input into the liquid crystal panels 3 While 
maintaining the reduced siZe of the aperture increases the 
illuminance of the projected image, in other Words the entire 
signals except for the perfect black portion. As a result, a 
projected image With a high contrast is obtained. 

[0051] HoW the intensity of the image signals and the siZe 
of the opening of the aperture 16 should be controlled in 
order to improve the overall image quality including con 
trast, in other Words hoW much the siZe of the opening of the 
aperture 16 should be reduced and to What degree the 
intensity level of the image signals should be increased 
When the intensity of the image signals is a certain degree 
loWer than the maximum level, depends on various factors, 
such as distribution of the intensity of the image signals, the 
brightness of a lamp serving as the light source, etc. There 
fore, the control criteria are not limited to those described in 
the foregoing paragraphs; they should be determined by a 
sensory test or other appropriate means. 

[0052] Next, the fourth embodiment of the projector 1 is 
explained, referring to FIG. 4. 

[0053] The fourth embodiment calls for detecting an 
object betWeen the projection lens 10 and the screen S and 
opening or closing the aperture 16 of the diaphragm mecha 
nism 14 in accordance With the presence or absence of such 
an object. 
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[0054] To be more speci?c, an object detecting sensor 27 
is connected to a diaphragm mechanism drive control circuit 
22, Which serves to adjust the siZe of the aperture 16 of the 
diaphragm mechanism 14 by controlling the diaphragm 
mechanism 14, so that the diaphragm mechanism drive 
control circuit 22 receives signals from the object detecting 
sensor 27. The object detecting sensor 27 may be, for 
example, a so-called infrared triangulation device, Which 
comprises a light emitting section and a light receiving 
section for infrared light. Should signals from the object 
detecting sensor 27 indicate presence of an object Within a 
distance of, for example, 50 cm in front of the projection 
lens 10, the diaphragm mechanism drive control circuit 22 
drives the motor to reduce or close the siZe of the opening 
of the aperture 16 of the diaphragm mechanism 14. 

[0055] As described above, When there is an object 
betWeen the projection lens 10 and the screen S, the in?u 
ence that light exerts on the object can be prevented by 
closing off the aperture 16 of the diaphragm mechanism 14. 
Should, for example, a person look in the projection lens 10 
in the course of projecting an image, the diaphragm mecha 
nism 14 closes off the aperture 16 to prevent the projected 
light from directly entering the human eye. The present 
embodiment is thus capable of limiting undesirable in?u 
ence of light on a human eye or the like. 

[0056] Next, the ?fth embodiment of the projector 1 is 
explained, referring to FIG. 5. 

[0057] The ?fth embodiment calls for comparing the illu 
minance of the ambient light around the projector 1, in other 
Words, for example, the illuminance in the room, With the 
illuminance of a projected image on the screen S, and, in 
accordance With the difference betWeen these illuminances, 
determining the siZe of the opening of the aperture 16 of the 
diaphragm mechanism 14 as Well as the intensity level of the 
image signals input to the liquid crystal panels 3 so as to 
improve the image quality. 

[0058] The structure according to the ?fth embodiment 
includes a ?rst photoelectric element 31, a second photo 
electric element 32, an illuminance comparison circuit 33, 
and a motor/image signal control circuit 35. The ?rst pho 
toelectric element 31 serves as an ambient light illuminance 
detecting means for measuring ambient light illuminance, 
ie the illuminance in the room in Which projection is 
performed. The second photoelectric element 32 serves as a 
projected image illuminance detecting means for measuring 
illuminance of an image projected on the screen S. The 
illuminance comparison circuit 33 serves as an illuminance 
comparing means for comparing an illuminance detected by 
the ?rst photoelectric element 31 and an illuminance 
detected by the second photoelectric element 32. The motor/ 
image signal control circuit 35 serves as a diaphragm 
mechanism/image signal control means for controlling 
intensity of image signals input into the liquid crystal panels 
3 and the siZe of the opening of the aperture 16 of the 
diaphragm mechanism 14 in accordance With a result of 
comparison by the illuminance comparison circuit 33. The 
motor/image signal control circuit 35 also functions as an 
image signal control circuit 21, Which serves as an image 
signal control means, and a diaphragm mechanism drive 
control circuit 22, Which serves as a diaphragm mechanism 
drive control means. In order to control the diaphragm 
mechanism 14 and the liquid crystal panels 3 in accordance 
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With illuminance differences resulting from comparison, the 
motor/image signal control circuit 35 includes a correlation 
table Which stores predetermined control criteria to control 
the siZe of the opening of the aperture 16 of the diaphragm 
mechanism 14 and the intensity level of image signals 
according to illuminance differences. 

[0059] Based on signals from the tWo photoelectric ele 
ments 31,32, the illuminance comparison circuit 33 com 
pares the illuminance in the room and the illuminance of the 
image projected on the screen S. Based on the illuminance 
difference resulting from the comparison and referring to the 
correlation table, the motor/image signal control circuit 35 
determines the siZe of the opening of the aperture 16 of the 
diaphragm mechanism 14 and the intensity level of the 
image signals. In accordance With the determined values, the 
motor/ image signal control circuit 35 drives the motor of the 
diaphragm mechanism 14 and changes the intensity level of 
the image signals. The contents of the aforementioned 
correlation table are set so that, When the illuminance of the 
projected image on the screen S is not intense enough With 
respect to the illuminance of the light in the room, the 
motor/image signal control circuit 35 increases the intensity 
of the image signals and drives the motor in such a direction 
as to reduce the siZe of the opening of the diaphragm 
mechanism 14. 

[0060] When the illuminance of an image projected on the 
screen S is not suf?ciently intense With respect to the 
illuminance in the room, the difference in level of illumi 
nance betWeen the projected image and the perfect black 
portion is small, resulting in the projected image With loW 
contrast. With the con?guration of the embodiment 
described above, hoWever, the image quality can be 
improved in such a situation by reducing the siZe of the 
opening of the diaphragm mechanism 14 to increase the 
contrast of the project image and setting the intensity of 
image signals at a high level to prevent reduction in illumi 
nance of the projected image regardless of the reduced siZe 
of the opening of the diaphragm mechanism 14. 

[0061] The contrast of a projected image is dependent on 
not only such factors as stray light inside the lens barrel 11 
and the aberration of the lens but also other factors, includ 
ing a sensory aspect, such as an observer’s response to the 
brightness of the illuminance in the room and the illumi 
nance of a projected image on the screen S. Therefore, 
speci?c criteria in the correlation table, Which determines 
the relationship betWeen the siZe of the opening of the 
diaphragm mechanism 14 and the intensity level of an image 
signal, should be set, taking into consideration results of 
sensory tests or the like. 

[0062] The embodiment described above calls for detect 
ing both the level of illuminance in the room and the 
illuminance of a projected image on the screen S. HoWever, 
as the illuminance in the room exerts an greater in?uence on 
the contrast of a projected image than does the illuminance 
of the projected image on the screen S, the contrast of the 
projected image can be improved While maintaining the 
same level of illuminance by detecting the level of illumi 
nance in the room alone and setting the siZe of the opening 
of the diaphragm mechanism 14 and the intensity level of 
image signals in accordance With the detected illuminance in 
the room. 

[0063] The higher the level of illuminance in the room, the 
smaller the difference in level of illuminance betWeen the 
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light in the room and the projected image, resulting in 
reduced contrast of the projected image. In an alternative 
arrangement, contrast of a projected image may be improved 
by increasing the siZe of the opening of the diaphragm 
mechanism 14 as Well as the illuminance of the projected 
image When the level of illuminance in the room is higher 
than a preset level or When the difference in level of 
illuminance betWeen the light in the room and the projected 
image is smaller than a preset value. Although increasing the 
siZe of the opening of the diaphragm mechanism 14 makes 
the contrast of the project image prone to reduction, the 
reduction in the contrast can be limited by determining the 
shape of the aperture 16 of the diaphragm mechanism 14 in 
accordance With the ?eld angle characteristics of the liquid 
crystal panels 3. 

[0064] In either one of the second embodiment or the ?fth 
embodiment, the projection lens 10 may be arranged tele 
centric to rays of light emitted from the liquid crystal panels 
3 With the aperture 16 of the diaphragm mechanism 14 
positioned so that the principal rays A intersect With the 
optical axis B. Arranging the projection lens 10 as described 
above permits rays of light emitted from various locations 
on the liquid crystal panels 3 to be shut out in a symmetrical 
manner With respect to the optical axis B, thereby limiting 
reduction in telecentric properties and, consequently, easily 
ensuring both telecentricity and improved contrast. Further 
more, by forming the aperture 16 of the diaphragm mecha 
nism 14 in such a shape as to ensure a suf?ciently high 
contrast in accordance With contrast characteristics With 
respect to directions and angles of incidence to the liquid 
crystal panels 3, contrast can be easily improved, compared 
With a structure that includes a circular aperture, While 
reduction in illuminance of a projected image is prevented. 

[0065] Next, an explanation is given on the ?eld angle 
characteristics of the liquid crystal panels 3. FIGS. 6 
through 9 shoW measuring methods, and FIG. 10 shoWs 
results of measurements. 

[0066] The measurement Was performed under the folloW 
ing basic conditions: driving voltages of HVDD=15.5 V, 
VVDD=15.5 V, VVCDD=7.0 V, and Vcom=6.6 V, a tempera 
ture of 25 III, the measurement point being one point at the 
center of the picture ?ame, a measurement system I and a 
measurement system II described beloW as the measurement 
systems, and video input signal voltages With respect to a 
signal amplitude being Vsig=7.0 V:VAC[V]. 
[0067] FIG. 6 shoWs the measurement system I, Wherein 
an image projected on the screen S, Which is disposed at a 
location of A=2000 mm from the projector 1, is measured by 
means of a measuring device 42 via a luminance meter 41. 
The screen S is ofa glass beads type With a gain of 2.8. The 
projection lens 10 of the projector 1 has a focal length of 80 
mm and a F-number of F19. The light source is a 155 W 
metal halide lamp With a color temperature of 7500 K1500. 
The magni?cation is 24x, and the measurement diameter is 
7 m (p. EG-EG1224DU (product name of Nitto), SKN 
18242T (product name of Polatechno), or a product having 
equivalent speci?cations is used as the polariZing plate. 

[0068] FIGS. 7 and 8 shoW the measurement system II, 
Wherein the liquid crystal panels 3 are driven by a driving 
circuit 44, and light emitted from a movable light source W 
is passed through the liquid crystal panels 3 and received by 
a light receiving lens 46, Which is disposed so as to face 
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toWards the light source and be capable of moving around 
the center of the liquid crystal panels 3. The light receiving 
lens 46 is connected to a light detecting device 48 via an 
optical ?ber 47. The light detecting device 48 is connected 
to a measuring device 49. 

[0069] In FIG. 8, reference code 311 represents the main 
body portion of the liquid crystal panels 3, 3b a frame 
portion surrounding the main body portion, 30 a ?exible 
Wiring, and 3d a mark. 

[0070] FIG. 9 is a graph shoWing the relationship betWeen 
optical angles (°) of light that strikes the liquid crystal panels 
3 and relative light intensities. 

[0071] In FIG. 10, reference code CR represents a contrast 
shoWn in the term of ratio. A contrast CR is found by 
measuring tWo factors in the measurement system I, i.e. a 
surface brightness L (White) at the center of the screen S 
When the input signal amplitude (V AC) is 0.5 V and a surface 
brightness L (black) at the center of the screen S When the 
input signal amplitude (V AC) is 4.5 V, and computing CR 
based on the equation CR=L(White)/L(black). 

[0072] The liquid crystal panels 3 functions as a light 
shutter by controlling the arrangement of liquid crystal 
molecules and permitting changes in the arrangement to be 
seen by means of combination With a polariZing plate. The 
characteristics of the liquid crystal panels 3 vary depending 
on angles of incidence of light. In particular, With regard to 
contrast of light that has passed through the liquid crystal 
panels 3, the characteristics of the liquid crystal panels 3 are 
dependent on not only the angle of incidence but also the 
direction of incidence. To be more speci?c, generally speak 
ing, the higher the angle of light entering the liquid crystal 
panels, in other Words the closer to a right angle (the 0 With 
respect to the Z axis is small), the higher the contrast. For 
this reason, it is a common practice to improve contrast of 
an image by reducing the diameter of a circular aperture so 
as to shut out light that enters at a loW incident angle and 
therefore Would reduce the contrast. HoWever, the charac 
teristics of the liquid crystal panels 3 vary also With direction 
of incidence, i.e. q) With respect to the Y axis. As is evident 
from the result of the measurement shoWn in FIG. 10, in a 
part having a relatively high contrast, lines that connect 
areas having the same level of contrast form a substantially 
triangular shape, While lines that connect areas having the 
same level of contrast in a part having a relatively loW 
contrast form a square With four curved sides. 

[0073] In order to solve the above problem, the shape of 
the part having a relatively high contrast is taken into 
consideration in the ?rst embodiment shoWn in FIG. 2 so 
that the aperture 16 is formed in a substantially triangular 
shape. In other Words, the aperture 16 of the diaphragm 
mechanism 14 is formed in a shape appropriate for the ?eld 
angle characteristics so that the opening of the aperture 16 
corresponds to the part through Which light beams having a 
high contrast pass. By thus forming the aperture 16 in such 
a shape as to substantially increase the proportion of the light 
passing through the aperture 16 that has a high contrast, it is 
possible to ensure that a projected image has both a suffi 
ciently high contrast and intense illuminance. Unlike a 
circular aperture, Which is inevitably subject to the problem 
of a reduced illuminance When reducing the diameter of the 
aperture to permit only the light that has a high contrast to 
pass through, the structure of the ?rst embodiment permits 






