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(57) ABSTRACT 
A compact, bright and high-performance viewing optical 
System capable of color display has a reflection type image 
display device, an ocular optical System and an illuminating 
device formed from a plurality of juxtaposed illuminating 
light Sources of different colors. An illuminating light guide 
optical device is placed between the entrance pupil and the 
reflection type image display device. The ocular optical 
System includes a decentered prism formed from a medium 
Surrounded by three optical Surfaces and having a refractive 
indeX larger than 1. A chromatic aberration producing device 
is placed between the entrance pupil and the illuminating 
light guide optical device. The chromatic aberration produc 
ing device is arranged to Superimpose the images of the 
plurality of illuminating light Sources on one another in the 
exit pupil. 
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FIG 2 
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FIG. 5 
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FIG 7 
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VIEWING OPTICAL SYSTEMAND IMAGE 
DISPLAY APPARATUS USING THE SAME 

0001. This application claims benefit of Japanese Appli 
cation No. 2000-58385 filed in Japan on Mar. 3, 2000, the 
contents of which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a viewing optical 
System and an image display apparatus using the Same. More 
particularly, the present invention relates to a viewing opti 
cal System devised to allow observation of a bright image of 
a display device of the type in which an image is displayed 
by reflected light, e.g. a reflection type liquid crystal display 
device, through an ocular optical System arranged to be 
compact in Size and to minimize the loSS of light quantity. 
The present invention also relates to an image display 
apparatus, e.g. a head-up display, using the Viewing optical 
System. 

0004 2. Discussion of Related Art 
0005. In recent years, with the development of head-up 
displays and glasses-type displays, compact ocular optical 
Systems have been actively developed. As a result, ocular 
optical Systems using a thin and compact decentered prism 
have been proposed as disclosed, for example, in Japanese 
Patent Application Unexamined Publication Numbers (here 
inafter referred to as “JP(A)") Hei 7-333551, 8-50256 and 
8-234137. These are compact ocular optical systems in 
which reflecting Surfaces have a power and the optical path 
is folded, and in which rotationally asymmetric decentration 
aberrations produced by decentered reflecting Surfaces with 
a power are corrected by using an anamorphic reflecting 
Surface or a rotationally asymmetric reflecting Surface hav 
ing one plane of Symmetry. 
0006 Regarding liquid crystal display devices for dis 
playing an image for observation, reflection type liquid 
crystal display devices have been developed to form images 
that are brighter and easier to observe. As a reflection type 
liquid crystal display device including an illumination Struc 
ture therefor, JP(A) Hei 10-268306 has been laid open to 
public. 
0007 Under these circumstances, the present applicant 
proposed in Japanese Patent Application Nos. Hei 11-96291, 
11-176390 and 11-281031 an image display apparatus 
including a reflection type liquid crystal display device and 
an ocular optical System formed from a decentered prism, 
wherein an illuminating light guide prism is placed between 
the reflection type liquid crystal display device and the 
decentered prism. 
0008 Incidentally, the present applicant proposed in 
JP(A) Hei 11-194295 an image display apparatus for dis 
playing color images, wherein a chromatic aberration pro 
ducing device, e.g. a spectral prism, is provided to display a 
chromatic aberration-free color image of a color image 
display device by using a light Source device formed from a 
plurality of juxtaposed illuminating light Sources, e.g. LEDs, 
of different colors, e.g. R (red), G (green) and B (blue). 

SUMMARY OF THE INVENTION 

0009. The present invention was made in view of the 
above-described circumstances. Accordingly, an object of 
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the present invention is to provide a viewing optical System 
including a reflection type liquid crystal display device, a 
decentered prism and an illuminating light guide prism 
placed therebetween. More specifically, the present inven 
tion provides a compact, bright and high-performance View 
ing optical System capable of color display by using a light 
Source device formed from a plurality of juxtaposed light 
Sources of different colors as an illuminating light Source, 
and also provides an image display apparatus using the 
Viewing optical System. 

0010. To attain the above-described object, the present 
invention provides a viewing optical System including a 
reflection type image display device placed in an image 
plane and an ocular optical System for leading an image 
displayed on the reflection type image display device to the 
position of an exit pupil where an observer's eyeball is to be 
placed. An illuminating device is placed at the position of an 
entrance pupil conjugate to the exit pupil with respect to the 
ocular optical System. The illuminating device is formed 
from a plurality of juxtaposed illuminating light Sources of 
different colors. The viewing optical system further includes 
an illuminating light guide optical device for guiding an 
illuminating light beam from the illuminating device. The 
illuminating light guide optical device is placed between the 
entrance pupil and the reflection type image display device 
So that the illuminating light beam can be applied to the 
display Surface of the reflection type image display device 
from the front side thereof. The ocular optical system 
includes a decentered prism formed from a medium sur 
rounded by three optical Surfaces and having a refractive 
indeX larger than 1. The decentered prism has an entrance 
Surface through which a display light beam reflected from 
the reflection type image display device enters the decen 
tered prism after passing through the illuminating light guide 
optical device, and a first reflecting Surface for reflecting the 
light beam entering through the entrance Surface. The decen 
tered prism further has a Second reflecting Surface for 
reflecting the light beam reflected from the first reflecting 
Surface, and an exit Surface through which the light beam 
reflected from the Second reflecting Surface exits the decen 
tered prism. The first reflecting Surface and the exit Surface 
are formed from a Single Surface Serving as both a refracting 
Surface and a reflecting Surface. A chromatic aberration 
producing device is placed between the entrance pupil and 
the illuminating light guide optical device. The chromatic 
aberration producing device is arranged to Superimpose the 
images of the plurality of illuminating light Sources on one 
another in the exit pupil. 

0011 Thus, the present invention provides a compact, 
bright and high-performance viewing optical System for 
head-up displays and glasses-type displays and also provides 
an image display apparatus using the viewing optical System 
by combining together a reflection type image display 
device, an illuminating light guide optical device, a decen 
tered prism as an ocular optical System, and a chromatic 
aberration producing device. Even in a case where a light 
Source device formed from a plurality of juxtaposed light 
Sources of different colorS is used as an illuminating light 
Source, the Viewing optical System allows observation of a 
clear color image free from chromatic aberration even if the 
observer's pupil position deviates from the exit pupil posi 
tion. 
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0012 Still other objects and advantages of the invention 
will in part be obvious and will in part be apparent from the 
Specification. 
0013 The invention accordingly comprises the features 
of construction, combinations of elements, and arrangement 
of parts which will be exemplified in the construction 
hereinafter set forth, and the scope of the invention will be 
indicated in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a sectional view showing a basic arrange 
ment of the viewing optical System according to the present 
invention. 

0.015 FIG. 2 is a diagram showing a head-mounted 
image display apparatus for both eyes using the viewing 
optical System according to the present invention in a State 
where it is fitted on an observer's head. 

0016 FIG. 3 is a sectional view of the head-mounted 
image display apparatus shown in FIG. 2. 
0017 FIG. 4 is a diagram showing a head-mounted 
image display apparatus for a single eye using the viewing 
optical System according to the present invention in a State 
where it is fitted on an observer's head. 

0.018 FIG. 5 is a ray path diagram showing a basic form 
of an optical System based on a principle that allows color 
image display free from chromatic aberration. 
0019 FIG. 6 is a diagram showing the relationship 
between the images of exit and entrance pupils in FIG. 5. 
0020 FIG. 7 is a ray path diagram showing an optical 
System using an example of a chromatic aberration produc 
ing device used in the present invention. 
0021 FIG. 8 is a ray path diagram showing an optical 
System using another example of the chromatic aberration 
producing device. 
0022 FIG. 9 is a ray path diagram showing an optical 
System using Still another example of the chromatic aberra 
tion producing device. 
0023 FIG. 10 is a sectional view showing a viewing 
optical System in which an illuminating light guide prism is 
placed between a reflection type image display device and a 
decentered prism. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024 Examples of the viewing optical system according 
to the present invention, together with examples of the 
image display apparatus using the viewing optical System, 
will be described below. 

0.025 First, let us describe a principle that allows color 
image display free from chromatic aberration by using an 
illuminating light Source formed from a plurality of light 
Sources of different colors placed in a Side-by-side relation 
to each other as disclosed in JP(A) Hei 11-1942.95. FIG. 5 
shows a basic form of an optical System based on this 
principle. The optical System has as a basic structure an 
image-forming optical System 1 constituting an ocular opti 
cal System or a projection optical System. With respect to the 
image-forming optical System 1, an object point 2 and an 
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image plane 3 have been determined in a conjugate relation 
to each other. When this optical System is actually used as an 
ocular optical System or a projection optical System, the 
image plane 3 is the display plane of an image display device 
or the film plane, and the object point 2 is on a real image 
plane or a virtual image plane (in the case of a virtual image, 
the position of the object point 2 is on the same Side as the 
image plane 3 with respect to the image-forming optical 
System 1). 

0026. Let us consider the above-described optical system 
by backward ray tracing in which light rays are traced from 
the object point 2 toward the image plane 3 (the reason for 
the backward ray tracing is that the optical System is 
assumed to be an ocular optical System). There is an exit 
pupil 4 in the image-forming optical System 1. The pupil 4 
is an exit pupil in the forward ray tracing; it is an entrance 
pupil in the backward ray tracing. An entrance pupil 5 (an 
exit pupil in the backward ray tracing) is located at a position 
on the Side of the image plane 3 remote from the image 
forming optical System 1. The entrance pupil 5 is in a 
conjugate relation to the exit pupil 4. A chromatic aberration 
producing device 6 as shown in examples (described later) 
is placed between the image plane 3 and the entrance pupil 
5. Consequently, light from the object point 2 that passes 
through the center of the exit pupil 4 passes through the 
image-forming optical System 1 and the image plane 3 and 
enters the chromatic aberration producing device 6 where 
chromatic aberration is introduced into the light. As a result, 
the light Separates for each wavelength on the entrance pupil 
5 as shown in FIG. 5. The chromatic aberrations on the 
entrance pupil 5 are those in the image of the exit pupil 4 that 
is projected onto the entrance pupil 5. It should be noted that 
FIG. 5 shows the positions of only three wavelengths R, G 
and B on the entrance pupil 5. 
0027 FIG. 6 is a diagram showing the relationship 
between the images of the exit and entrance pupils 4 and 5. 
An image in the exit pupil 4 shown in part (a) of FIG. 6 is 
chromatically aberrated by the chromatic aberration produc 
ing device 6 and projected onto the entrance pupil 5 to form 
an image for each of the colors R, G and B as shown in part 
(b) of FIG. 6. If monochromatic light sources of R, G and 
B are placed individually on the entrance pupil 5, which is 
conjugate to the exit pupil 4, in alignment with the positions 
of chromatic aberrations in the pupil image produced in the 
backward ray tracing, it is possible to eliminate chromatic 
aberrations at the exit pupil 4 in the forward ray tracing. 
Accordingly, even if the observer's pupil position deviates 
from the exit pupil 4 in the case of an ocular optical System, 
for example, it is possible to observe a clear image, which 
is free from chromatic aberration. 

0028. The above-described arrangement makes it pos 
Sible to place a plurality of illuminating light Sources of 
different colors in a Side-by-side relation to each other and 
hence possible to reduce the overall size and weight of a 
head-mounted image display apparatus or color film projec 
tion apparatus that uses the above-described optical System 
as an ocular optical System or a projection optical System. 

0029 Furthermore, it is only necessary to provide at least 
one chromatic aberration producing device 6. Therefore, the 
desired performance can be obtained more easily and at 
lower cost than in the case of the conventional optical 
System using a plurality of color filters or dichroic mirrors. 
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Moreover, because the Structure of the whole apparatus 
reduces in size, the overall weight of the apparatus can be 
reduced. 

0030 The following is a description of examples of the 
chromatic aberration producing device 6. All the following 
examples will be described on the basis of the backward ray 
tracing. In actuality, an image display device is placed in the 
image plane 3, and illuminating light Sources of three colors, 
i.e. R, G and B, which may be LEDs or the like, are placed 
at the corresponding chromatic aberration points on the 
entrance pupil 5. In addition, a virtual image plane is located 
at the position of the object point 2. It should be noted that 
the image display device is usually a transmission or reflec 
tion type LCD (liquid crystal display), a color film slide or 
the like. It should also be noted that the following optical 
systems operate as stated in connection with FIG. 5. 
0.031 FIG. 7 is a ray path diagram showing an optical 
System using one example of the chromatic aberration 
producing device 6. With respect to an image-forming 
optical System 1, an object point 2 and an image plane 3 have 
been determined in a conjugate relation to each other. In 
addition, an exit pupil 4 and an entrance pupil 5 have been 
determined in a conjugate relation to each other. The 
entrance pupil 5 is located at a position on the Side of the 
image plane 3 remote from the image-forming optical Sys 
tem 1. The image-forming optical System 1 is corrected for 
various aberrations, including chromatic aberration, to Such 
an extent that the aberrations are ignorable. In this example, 
a dispersing prism (spectral prism) 61 having chromatic 
dispersion is placed between the image plane 3 and the 
entrance pupil 5 as a chromatic aberration producing device 
6. A plate glass having chromatic dispersion may be placed 
at an angle to the optical axis (shown by the chain line in the 
figure) in place of the dispersing prism 61. The plate glass 
also functions effectively as a chromatic aberration produc 
ing device 6. 
0.032 FIG. 8 is a ray path diagram showing an optical 
System using another example of the chromatic aberration 
producing device 6. An image-forming optical System 1, an 
object point 2, an image plane 3, an exit pupil 4 and an 
entrance pupil 5 are placed as in the case of FIG. 7. A 
diffractive optical element 62, e.g. a diffraction grating or a 
DOE, is placed between the image plane 3 and the entrance 
pupil 5 as a chromatic aberration producing device 6 (See 
FIG. 5). 
0.033 FIG. 9 is a ray path diagram showing an optical 
System using Still another example of the chromatic aberra 
tion producing device 6. An image-forming optical System 1, 
an object point 2, an image plane 3, an exit pupil 4 and an 
entrance pupil 5 are placed as in the case of FIG. 7. A 
gradient index optical element 63 having chromatic disper 
Sion is placed between the image plane 3 and the entrance 
pupil 5 as a chromatic aberration producing device 6 (See 
FIG. 5). 
0034) Incidentally, to observe an image displayed on a 
reflection type image display device, e.g. a reflection type 
liquid crystal display device, through an ocular optical 
System using a decentered prism formed from three optical 
Surfaces, a viewing optical System is arranged as shown in 
FIG. 10 (Japanese Patent Application Nos. Hei 11-96291, 
11-176390 and 11-28.1031). In the viewing optical system, 
an illuminating light guide prism is placed between the 
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reflection type image display device and the decentered 
prism to illuminate the reflection type image display device. 
0035) The viewing optical system shown in FIG. 10 has, 
in order in which light passes from the object Side in 
backward ray tracing, an exit pupil 4, a decentered prism 10, 
a diffractive optical element 28, a deviation angle compen 
Sating prism 27, an illuminating light guide prism 26, and an 
image plane (i.e. the display Surface of a reflection type 
image display device) 30. A light Source 21 and a light 
collecting element 25, e.g. a Fresnel lens, are disposed on the 
illuminating light entrance Side of the illuminating light 
guide prism 26. The light Source 21 is disposed at the 
position of the entrance pupil 5. The diffractive optical 
element 28, the deviation angle compensating prism 27 and 
the light collecting element 25 are not always necessary. 
0036) The decentered prism 10 has a first surface 11, a 
Second Surface 12 and a third Surface 13. The first Surface 11 
allows a light beam from the object Side to enter the prism 
10 and reflects the light beam reflected from the second 
surface 12 within the prism 10. The second surface 12 
reflects the light beam entering through the first Surface 11 
within the prism 10. The third surface 13 allows the light 
beam reflected from the first surface 11 to exit the prism 10. 
Thus, the first Surface 11 is an optical functional Surface 
having both a transmitting optical action and a reflecting 
optical action. 
0037. The illuminating light guide prism 26 is a triangu 
lar prism having a first Surface 26, a Second Surface 26 and 
a third Surface 26. The first Surface 26 is a Surface through 
which a light beam from the light source 21 is introduced 
into the prism 26 through the light collecting element 25. 
The introduced illuminating light is totally reflected by the 
third surface 26 and further reflected by the second surface 
26, which is a cemented Surface between the illuminating 
light guide prism 26 and the deviation angle compensating 
prism 27 and forms a polarization beam splitter Surface. 
Then, the reflected light passes through the third Surface 26 
to illuminate the display Surface of a reflection type image 
display device, e.g. a reflection type liquid crystal display 
device, placed in the image plane 3. The illuminating light 
is incident on the display Surface approximately at right 
angles thereto. 
0038. Display light from the display Surface of the reflec 
tion type liquid crystal display device placed in the image 
plane 3 enters the illuminating light guide prism 26 through 
the third Surface 26 and passes through the polarization 
beam splitter Surface as the Second Surface 26 to enter the 
deviation angle compensating prism 27. Then, the light 
passes through the diffractive optical element 28, which is 
placed on the exit-side Surface of the deviation angle com 
pensating prism 27. The light is diffracted by the diffraction 
surface of the diffractive optical element 28 to enter the 
prism 10 through the third surface 13. The light is totally 
reflected by the first surface 11 and further reflected by the 
second surface 12 to exit the prism 10 while being refracted 
through the first surface 11. Then, the light enters the 
observer's eyeball placed at the position of the exit pupil 2 
to form an enlarged image of the displayed image of the 
reflection type liquid crystal display device. It should be 
noted that the object point 2, which is conjugate to the image 
plane 3, is far away from the exit pupil 4. 
0039. In the present invention, a viewing optical system 
having a basic arrangement as shown in FIG. 10 is allowed 
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to display a color image free from chromatic aberration of 
the light Source by providing the chromatic aberration 
producing device 6 as described above in connection with 
FIGS. 5 to 9 between the entrance pupil 5 and the illumi 
nating light guide prism 26. The arrangement of the viewing 
optical system is shown in FIG. 1. The viewing optical 
system will be described below. 
0040. The arrangement of the ocular optical system is the 
same as that in FIG. 10. A decentered prism 10 constituting 
the ocular optical System is formed from a transparent 
medium Surrounded by a first Surface 11, a Second Surface 12 
and a third Surface 13 and having a refractive indeX larger 
than 1. The first surface 11 allows a light beam from the 
object side to enter the prism 10 and reflects the light beam 
reflected from the second surface 12 within the prism 10. 
The Second Surface 12 reflects the light beam entering 
through the first surface 11 within the prism 10. The third 
surface 13 allows the light beam reflected from the first 
surface 11 to exit the prism 10. Thus, the first surface 11 is 
an optical functional Surface having both a transmitting 
optical action and a reflecting optical action. 
0041. The display surface of a reflection type liquid 
crystal display device is placed in an image plane 30 at the 
third surface 13 side of the decentered prism 10. An illumi 
nating light guide prism 26, a deviation angle compensating 
prism 27 and a diffractive optical element 28 are placed 
between the image plane 30 and the third surface 13 of the 
decentered prism 10. The deviation angle compensating 
prism 27 is cemented to a second Surface 26 of the illumi 
nating light guide prism 26 on the side thereof closer to the 
decentered prism 10. The diffractive optical element 28 is 
cemented to the Side of the deviation angle compensating 
prism 27 closer to the decentered prism 10. 
0042. The illuminating light guide prism 26 is a triangu 
lar prism having a first Surface 26, a second Surface 26 and 
a third Surface 26. The first Surface 26 is a Surface facing 
the entrance pupil 5 of the ocular optical System, through 
which light beams from light Sources 21, 21 and 21 
juxtaposed in the entrance pupil 5 are introduced into the 
prism 26. The third surface 26 faces the image plane 30 and 
totally reflects the illuminating light introduced through the 
first Surface 26. The Second Surface 26 is a polarization 
beam splitter Surface for reflecting a predetermined polar 
ized light component (e.g. p-polarized light component) of 
the illuminating light totally reflected from the third surface 
26. 
0.043 Alight collecting element 25, e.g. a Fresnel lens, is 
disposed to face the first Surface 26 of the illuminating light 
guide prism 26. Light Sources formed from LEDs or the like, 
i.e. a light Source 21 of R (red), a light Source 21 of G 
(green), and a light Source 21 of B (blue), are placed in a 
Side-by-side relation to each other in the plane of the 
entrance pupil 5, which is in a conjugate relation to the exit 
pupil 4 when the image plane 30 is a reflecting Surface. A 
chromatic aberration producing device 6 having an arrange 
ment and function Such as those described in connection 
with FIGS. 5 to 9 (e.g. the diffractive optical element 62) is 
provided on the light Source Side of the light collecting 
element 25. 

0044) With the above-described arrangement, R, G and B 
light from the R light Source 21, the G light Source 21 and 
the B light Source 21, which are placed in a side-by-side 
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relation to each other in the plane of the entrance pupil 5, 
enter the chromatic aberration producing device 6 at differ 
ent incident angles because the light emission positions are 
displaced with respect to each other. However, after passing 
through the chromatic aberration producing device 6, the R, 
G and Blight exit at approximately the Same angle Owing to 
the chromatic aberration producing action of the device 6. 
Then, the R, G and B light become approximately parallel 
light beams through the light collecting element 25. The 
illuminating light is introduced into the illuminating light 
guide prism 26 through the first Surface 26 and totally 
reflected by the third surface 26. The reflected illuminating 
light is reflected by the Second Surface 26, which is a 
cemented Surface between the illuminating light guide prism 
26 and the deviation angle compensating prism 27 and forms 
a polarization beam splitter Surface. Then, the reflected light 
passes through the third Surface 26 to illuminate the display 
Surface of a reflection type image display device, e.g. a 
reflection type liquid crystal display device, placed in the 
image plane 30. The illuminating light is incident on the 
display Surface approximately at right angles thereto. 

0045 Display light from the display Surface of the reflec 
tion type liquid crystal display device placed in the image 
plane 30 enters the illuminating light guide prism 26 through 
the third Surface 26 and passes through the polarization 
beam splitter Surface as the Second Surface 26 to enter the 
deviation angle compensating prism 27. Then, the light is 
diffracted by the diffraction Surface of the diffractive optical 
element 28, which is placed at the exit side of the deviation 
angle compensating prism 27. The light enters the prism 10 
through the third surface 13 and is totally reflected by the 
first surface 11 and further reflected by the second surface 12 
to exit the prism 10 while being refracted through the first 
surface 11. Then, the light enters the observer's eyeball 
placed at the position of the exit pupil 2 to form an enlarged 
image of the displayed image of the reflection type liquid 
crystal display device. 

0046. At this time, R, G and B light from the R, G and B 
light Sources juxtaposed in the plane of the entrance pupil 5 
as shown in part (b) of FIG. 6 are chromatically aberrated 
by the chromatic aberration producing device 6, So that, as 
shown in part (a) of FIG. 6, the images of the R, G and B 
light Sources are Superimposed on one another in the exit 
pupil 4. Therefore, even if the observer's pupil position 
deviates from the exit pupil 4 position, it is possible to 
observe a clear image, which is free from chromatic aber 
ration. 

0047 The decentered prism 10 constituting the ocular 
optical System is preferably arranged Such that at least one 
Surface having a reflecting action, particularly the Second 
Surface 12, is decentered with respect to the axial principal 
ray and has a rotationally asymmetric Surface configuration 
and further has a power. By adopting Such an arrangement, 
decentration aberrations produced as the result of giving a 
power to the reflecting Surface can be corrected by the 
Surface itself. In addition, the power of the refracting Sur 
faces of the prism is reduced, and thus chromatic aberration 
produced in the prism can be minimized. 

0048. The above-described rotationally asymmetric Sur 
face should preferably be a plane-Symmetry free-form Sur 
face having only one plane of Symmetry. Free-form Surfaces 
used in the present invention are defined by the following 
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equation (a). 

0049. In Eq. (a), the first term is a spherical surface term, 
and the Second term is a free-form Surface term. 

0050 

0051) 

In the Spherical Surface term: 
c: the curvature at the vertex 

0052 k: a conic constant 
r=v(X+Y) 

0053. The free-form surface term is given by 

0054) where c G is an integer of 2 or higher) are coeffi 
cients. 

0055. In general, the above-described free-form surface 
does not have planes of symmetry in both the XZ- and 
YZ-planes. However, a free-form Surface having only one 
plane of symmetry parallel to the YZ-plane is obtained by 
making all terms of odd-numbered degrees with respect to X 
Zero. For example, in the above defining equation (a), the 
coefficients of the terms C, Cs, C7, Co., C2, C14, C6, C1s, 
Co., C23, C2s., C27, Co, C31, C33, Cas., . . . are Set equal to 
Zero. By doing So, it is possible to obtain a free-form Surface 
having only one plane of Symmetry parallel to the YZ-plane. 
0056. A free-form surface having only one plane of 
Symmetry parallel to the XZ-plane is obtained by making all 
terms of odd-numbered degrees with respect to Y Zero. For 
example, in the above defining equation (a), the coefficients 
of the terms C3, Cs, Cs, Co, C12, C14, C17, Co., C21, C23, 
C2s., C27, Co., C2, C3, Css, . . . are Set equal to Zero. By 
doing So, it is possible to obtain a free-form Surface having 
only one plane of Symmetry parallel to the XZ-plane. 
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0057. Furthermore, the direction of decentration is deter 
mined in correspondence to either of the directions of the 
above-described planes of Symmetry. For example, with 
respect to the plane of Symmetry parallel to the YZ-plane, 
the direction of decentration of the optical System is deter 
mined to be the Y-axis direction. With respect to the plane 
of Symmetry parallel to the XZ-plane, the direction of 
decentration of the optical System is determined to be the 
X-axis direction. By doing So, rotationally asymmetric aber 
rations due to decentration can be corrected effectively, and 
at the same time, productivity can be improved. 
0058. It should be noted that the above defining equation 
(a) is shown as merely an example, and that the feature of 
the present invention resides in that rotationally asymmetric 
aberrations due to decentration are corrected and, at the 
Same time, productivity is improved by using a rotationally 
asymmetric Surface having only one plane of Symmetry. 
Therefore, the same advantageous effect can be obtained for 
any other defining equation that expresses Such a rotation 
ally asymmetric Surface. 
0059. It should be noted that the first surface 11 of the 
decentered prism 10 may be formed from a rotationally 
Symmetric Surface, e.g. a spherical Surface or an axially 
Symmetric aspherical Surface, in place of a rotationally 
asymmetric Surface. 
0060. The above-described viewing optical system 
according to the present invention can be used as an optical 
System of a head-mounted image display apparatus, for 
example. Examples of Such image display apparatus will be 
described below. 

0061 FIG. 2 shows a head-mounted image display appa 
ratus arranged for two eyes in a State where the image 
display apparatus is fitted on an observer's head. FIG. 3 is 
a Sectional view of the image display apparatus. AS shown 
in FIG. 3, the viewing optical System according to the 
present invention is used as an ocular optical System 100 of 
the image display apparatus. A pair of combinations of an 
ocular optical System 100 and a reflection type image 
display device 101 are prepared for the left and right eyes 
and Supported apart from each other by the interpupillary 
distance, i.e. the distance between the two eyes, thereby 
forming a Stationary or portable image display apparatus 
102, Such as a head-mounted image display apparatus, 
which enables the observer to see with both eyes. 
0062 More specifically, the display apparatus body unit 
102 is equipped with a pair of ocular optical systems 100 
(left and right). The above-described viewing optical System 
is used as each ocular optical system 100. Reflection type 
image display devices 101, which are reflection type liquid 
crystal display devices, are disposed in the respective image 
planes of the two ocular optical systems 100. As shown in 
FIG. 2, the display apparatus body unit 102 is provided with 
temporal frames 103 that are contiguous with the left and 
right ends thereof so that the display apparatus body unit 102 
can be held in front of the observer's eyes. As shown in FIG. 
3, to protect the first surface 11 (see FIG. 1) of the prism 10 
in the ocular optical System 100 of each image display 
apparatus 102, a cover member 91 is placed between the exit 
pupil of the ocular optical system 100 and the first surface 
11. AS the cover member 91, any of a plane-parallel plate, a 
positive lens and a negative lens can be used. 
0063. Further, a speaker 104 is provided on each tempo 
ral frame 103 to enable the user to enjoy listening to 
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Stereophonic Sound in addition to image observation. The 
display apparatus body unit 102 having the speakers 104 is 
connected with a replaying unit 106, e.g. a portable video 
cassette unit, through an image and Sound transmitting cord 
105. Therefore, the user can enjoy not only observing an 
image but also listening to Sound with the replaying unit 106 
retained on a desired position, e.g. a belt, as illustrated in 
FIG. 2. Reference numeral 107 in FIG. 2 denotes a Switch 
and volume control part of the replaying unit 106. It should 
be noted that the display apparatus body unit 102 contains 
electronic parts Such as image and Sound processing circuits. 

0064. The cord 105 may have a jack and plug arrange 
ment attached to the distal end thereof So that the cord 105 
can be detachably connected to an existing video deck. The 
cord 105 may also be connected to a TV signal receiving 
tuner So as to enable the user to enjoy watching TV. 
Alternatively, the cord 105 may be connected to a computer 
to receive computer graphic images or message images or 
the like from the computer. To eliminate the bothersome 
cord, the image display apparatus may be arranged to 
receive external radio signals through an antenna connected 
thereto. 

0065. The viewing optical system according to the 
present invention may also be used in a head-mounted image 
display apparatus for a single eye by placing the ocular 
optical System in front of either of the left and right eyes. 
FIG. 4 shows the head-mounted image display apparatus for 
a single eye in a State where it is fitted on an observer's head 
(in this case, the apparatus is fitted for the left eye). In the 
illustrated arrangement, a display apparatus body unit 102 
includes a Single combination of an ocular optical System 
100 and a reflection type image display device 101. The 
display apparatus body unit 102 is mounted on a front frame 
108 so as to lie in front of the associated eye of the observer. 
As shown in FIG. 4, the front frame 108 is provided with 
temporal frames 103 that are contiguous with the left and 
right ends thereof so that the display apparatus body unit 102 
can be held in front of one eye of the observer. The 
arrangement of the rest of the apparatus is the same as in the 
case of FIG. 2. Therefore, a description thereof is omitted. 

0.066 Incidentally, to allow the outside world image and 
the displayed image to be viewed simultaneously or Selec 
tively in the above-described head-mounted image display 
apparatus for both eyes or a Single eye using the viewing 
optical System according to the present invention, it is 
desirable that, as shown in FIG. 3, a semitransparent reflect 
ing Surface should be used as the reflecting Surface 12, 
which faces the exit pupil, of the decentered prism 10 
constituting the ocular optical System 100, and another 
decentered prism 41 for compensating for an angle of 
deviation or power produced by the decentered prism 10 
should be placed in contact with or at a slight distance from 
the Semitransparent reflecting Surface 12, thereby allowing 
the outside world to be viewed through the two decentered 
prisms 10 and 41. In this case, it is desirable that a shutter 
42 Such as a liquid crystal Shutter that Selectively cuts off or 
passes outside world light shown by the dashed line should 
be placed on the entrance Side of the decentered prism 41 
(i.e. on the side of the prism 41 remote from the observer's 
eye). In this case, when the shutter 42 is opened, the outside 
world image can be viewed (in a See-through manner), or a 
Superimposed image of the outside World image and the 
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displayed image can be viewed. When the shutter 42 is 
closed, the displayed image of the display device 101 can be 
viewed. 

0067. As will be clear from the foregoing description, it 
is possible according to the present invention to provide a 
compact, bright and high-performance viewing optical Sys 
tem for head-up displays and glasses-type displays and also 
provide an image display apparatus using the viewing opti 
cal System by combining together a reflection type image 
display device, an illuminating light guide optical device, a 
decentered prism as an ocular optical System, and a chro 
matic aberration producing device. Even in a case where a 
light Source device formed from a plurality of juxtaposed 
light Sources of different colorS is used as an illuminating 
light Source, the viewing optical System allows observation 
of a clear color image free from chromatic aberration even 
if the observer's pupil position deviates from the exit pupil 
position. 

What we claim is: 
1. A viewing optical System comprising: 
reflection type image display means placed in an image 

plane; 
an ocular optical System for leading an image displayed 

on Said reflection type image display means to a 
position of an exit pupil where an observer's eyeball is 
to be placed; 

illuminating means placed at a position of an entrance 
pupil conjugate to Said exit pupil with respect to Said 
Ocular optical System, Said illuminating means being 
formed from a plurality of juxtaposed illuminating light 
Sources of different colors, 

illuminating light guide optical means for guiding an 
illuminating light beam from Said illuminating means, 
Said illuminating light guide optical means being 
placed between said entrance pupil and Said reflection 
type image display means So that the illuminating light 
beam can be applied to a display Surface of Said 
reflection type image display means from a front Side 
thereof; and 

chromatic aberration producing means placed between 
Said entrance pupil and Said illuminating light guide 
optical means, Said chromatic aberration producing 
means being arranged to Superimpose images of Said 
plurality of illuminating light Sources on one another in 
Said exit pupil; 

wherein Said ocular optical System includes a decentered 
prism formed from a medium surrounded by three 
optical Surfaces and having a refractive indeX larger 
than 1, 

Said decentered prism having: 
an entrance Surface through which a display light beam 

reflected from Said reflection type image display means 
enterS Said decentered prism after passing through Said 
illuminating light guide optical means, 

a first reflecting Surface for reflecting the light beam 
entering through Said entrance Surface; 

a Second reflecting Surface for reflecting the light beam 
reflected from Said first reflecting Surface; and 
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an exit Surface through which the light beam reflected 
from Said Second reflecting Surface exits said decen 
tered prism; 

wherein Said first reflecting Surface and Said exit Surface 
are formed from a single Surface Serving as both a 
refracting Surface and a reflecting Surface. 

2. A viewing optical System according to claim 1, wherein 
Said reflection type image display means is a reflection type 
liquid crystal display device. 

3. A viewing optical System according to claim 1 or 2, 
wherein Said illuminating light guide optical means is a 
transparent member, Said transparent member having: 

a first surface through which the light beam emitted from 
Said illuminating means enterS Said transparent mem 
ber; 

a Second Surface that totally reflects the light beam 
entering through Said first Surface; and 

a third surface that reflects the light beam totally reflected 
from Said Second Surface; 

wherein Said Second Surface transmits the light beam 
reflected from said third Surface to illuminate the 
display Surface of Said reflection type image display 
means from the front Side thereof and also transmits the 
display light beam reflected from the display Surface of 
Said reflection type image display means, and Said third 
Surface forms a beam Splitter Surface that transmits the 
display light beam passing through Said Second Surface. 

4. A viewing optical system according to claim 3, wherein 
a diffractive optical element is provided on an entrance 
Surface Side of Said decentered prism. 

5. A viewing optical System according to claim 4, wherein 
Said illuminating light guide optical means is a transparent 
member, Said transparent member having: 

a first surface through which the light beam emitted from 
Said illuminating means enterS Said transparent mem 
ber; 

a Second Surface that totally reflects the light beam 
entering through Said first Surface; and 

a third surface that reflects the light beam totally reflected 
from Said Second Surface; 
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wherein Said Second Surface transmits the light beam 
reflected from said third Surface to illuminate the 
display Surface of Said reflection type image display 
means from the front Side thereof and also transmits the 
display light beam reflected from the display Surface of 
Said reflection type image display means, and Said third 
Surface forms a beam Splitter Surface that transmits the 
display light beam passing through Said Second Surface. 

6. A viewing optical System according to claim 5, wherein 
a deviation angle compensating member is placed on a third 
Surface Side of Said transparent member to compensate for 
an angle of deviation caused by Said transparent member. 

7. A viewing optical System according to claim 5, wherein 
Said third Surface of Said transparent member is a polariza 
tion beam splitter Surface. 

8. A viewing optical System according to claim 3, wherein 
at least one reflecting Surface of Said decentered prism is 
decentered with respect to an optical axis and has a rota 
tionally asymmetric curved Surface configuration that cor 
rects decentration aberrations due to decentration of Said at 
least one reflecting Surface and gives a power to the light 
beam. 

9. An image display apparatus comprising Said viewing 
optical System according to claim 3, Said viewing optical 
System being provided for one of a right eye and a left eye. 

10. An image display apparatus comprising a pair of Said 
Viewing optical Systems according to claim 3, Said viewing 
optical systems being provided for a right eye and a left eye, 
respectively. 

11. An image display apparatus according to claim 9, 
further comprising Support means for Supporting Said image 
display apparatus on a head of an observer So that Said image 
display apparatus is positioned in front of a face of the 
observer. 

12. An image display apparatus according to claim 10, 
further comprising Support means for Supporting Said image 
display apparatus on a head of an observer So that Said image 
display apparatus is positioned in front of a face of the 
observer. 


