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(54) WEARABLE IMAGE DISPLAY DEVICE

(57) A wearable image display device eliminates the
need to adjust an image focus every time the device is
used. The present invention includes a mounting module
5 and a right image display module 10R, and a left image
display module 10L. Each of the right image display mod-
ule 10R, the left image display module 10L includes a
reflective image modulation device 22, a lens 31, a light
guide plate 34, and a plurality of half mirrors 4. The lens
31 is disposed in a state eccentric to a predetermined
value with respect to the reflective image modulation de-
vice 22. As a result, the present invention eliminates the
need to adjust the image focus every time the device is
used.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a binocular-
type wearable image display device.

[BACKGROUND]

[0002] As For example, Patent Document 1discloses
a binocular-type wearable image display device. The dis-
play device of Patent Document 1 includes an eyeglass-
type frame attached to a head of a user (observer, spec-
tator), and two image display units attached to the left
and right sides of the frame, respectively. The display
device of Patent Document 1 displays an image (virtual
image) on the two image display units, so that the user
can view an image of the outside world superimposed
on the displayed image.
[0003] The two image display units in the display de-
vice of Patent Document 1 include a moving unit including
a motor and a pinion gear or the like, an image forming
device, and an optical system. The two image display
units in the display device of Patent Document 1 adjusts
the position of the image so that the user can see it, by
relatively moving the optical axis of the image display
device and the optical axis of the optical system in the
horizontal direction (X-axis direction) by the moving unit,

[PRIOR ART DOCUMENT]

[PATENT DOCUMENT]

[0004] [Patent Document 1] Japanese Patent No.
6202117

[SUMMARY OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0005] However, the display device of Patent Docu-
ment 1 need to operate the moving unit every time it is
used to adjust the position of the image (focus of the
image) so that the user can see it. That is, the display
device of Patent Document 1 needs to adjust the position
of the image every time the device is used.
[0006] A problem to be solved by the present invention
is to provide a wearable image display device that does
not need to adjust a position of the image every time the
device is used.

[MEANS FOR SOLVING THE PROBLEM]

[0007] A wearable image display device of the present
invention includes a mounting module mounted on a face
of a user, a right image display module arranged on a
right side of the mounting module so as to correspond to
a right eye of the user, and a left image display module

arranged on a left side of the mounting module so as to
correspond to a left eye of the user, each of the right
image display module and the left image display module
includes an image output device outputting an image as
an image light, a lens adjusting a position of the image
output from the image output device, a light guide plate
making the image light output from the image output de-
vice incident and guiding the incident image light by a
light guiding action, and a plurality of half mirrors, which
are disposed in the light guide plate, making the image
light guided through the light guide plate incident on the
right eye from a surface of the light guide plate in the
case of the right image display module, making the image
light incident on the left eye from a surface of the light
guide plate in the case of the left image display module,
and displaying the image in a space of a back surface
side of the light guide plate. In at least one of the right
image display module and left image display module, the
lens is disposed in a state eccentric to a predetermined
value with respect to the image output device.
[0008] According to the wearable image display device
of the present invention, it is preferable that the lens in
the right image display module and left image display
module is disposed in a state eccentric to a predeter-
mined value with respect to the image output device, and
the predetermined value is a value such that a right image
display direction and a left image display direction inter-
sect at a point on a linear perpendicular bisector con-
necting the right eye and the left eye, the right image
display direction displaying the image of the right image
display module and the left image display direction dis-
playing the image of the left image display module.
[0009] According to the wearable image display device
of the present invention, it is preferable that when a state
before the lens is eccentric is a reference state, the pre-
determined value is obtained from: either a right image
display distance in the right image display module in the
reference state, which is a distance from the right eye to
a position where the image is displayed, or a left image
display distance in the left image display module in the
reference state, which is a distance from the left eye to
a position where the image is displayed; and a half of a
width between the right eye and the left eye.
[0010] According to the wearable image display device
of the present invention, it is preferable that the prede-
termined value satisfies the following equation (1): 

where θ is an angle define by a center line which is
a linear perpendicular bisector connecting the right
eye and the left eye, and a right line-of-sight or a left
line-of-sight which is a line segment from the right
eye or the left eye to a point on the center line,
where d is a width between the right eye and the left
eye, and
where D is, when a state before the lens is eccentric
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is a reference state, either a right image display dis-
tance in the right image display module in the refer-
ence state, which is a distance from the right eye to
a position where the image is displayed, or a left
image display distance in the left image display mod-
ule in the reference state, which is a distance from
the left eye to a position where the image is dis-
played.

[0011] According to the wearable image display device
of the present invention, it is preferable that the width is
obtained from an average value of multiple people in at
least one of gender, age and region.
[0012] According to the wearable image display device
of the present invention, it is preferable that in at least
one of the right image display module and the left image
display module, a first component including the light
guide plate and the plurality of half mirrors and a second
component including the image output device and the
lens are separately provided as a part structure, the first
component is attached to the mounting module, and the
second component is detachably attached to the first
component.
[0013] According to the wearable image display device
of the present invention, it is preferable that an adjust-
ment mechanism is provided between the mounting mod-
ule and at least one of the right image display module
and the left image display module, and the adjustment
mechanism allows at least one position of the right image
display module and the left image display module to be
adjusted with respect to the mounting module.
[0014] According to the wearable image display device
of the present invention, it is preferable that the adjust-
ment mechanism includes: a fixing part attached to the
mounting module, a moving part to which at least one of
the right image display module and the left image display
module is attached, and that is movably attached to the
fixing part, and an adjustment part capable of adjusting
a position of the moving part with respect to the fixing part.

[EFFECT OF THE INVENTION]

[0015] The wearable image display device of the
present invention eliminates the need to adjust a position
of the image every time the device is used.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0016]

Fig.1 is an explanatory diagram showing an embod-
iment of a wearable image display device according
to the present invention.
Fig.2 is a plan view showing the wearable image
display device.
Fig.3 is a front view showing the wearable image
display device (III arrow view in Fig.2).
Fig.4 is a right side view showing the wearable image

display device (IV arrow view in Fig.2).
Fig.5 is a horizontal sectional view showing an ad-
justment mechanism of the wearable image display
device (V-V line sectional view in FIG.3).
Fig.6 is a longitudinal sectional view showing an ad-
justment mechanism of the wearable image display
device (VI-VI line sectional view in FIG.5).
Fig.7A is an explanatory diagram illustrating a state
in which an image source side portion and an image
display side portion in the right image display module
are integrally assembled.
Fig.7B is an explanatory diagram showing a state in
which the image source side portion and the image
display side portion in the right image display module
are detached separately.
Fig.8 is an explanatory diagram of a partial cross-
section showing a state in which the image source
side portion (second component) and the image dis-
play side portion (first component) in the right image
display module are integrally assembled.
Fig.9 is an explanatory diagram of a partial cross-
section showing a state in which the image source
side portion (second component) and the image dis-
play side portion (first component) in the right image
display module are detached separately.
Fig. 10 is an explanatory diagram of a partially en-
larged cross-section showing an optical path of im-
age light in the right image display module.
Fig.11 is an explanatory diagram showing a state
(reference state) before a lens is eccentric to a pre-
determined value in the right image display module,
and a state in which an image light is incident on the
right eye to display an image (virtual image).
Fig.12 is an explanatory diagram showing a state
(reference state) before a lens is eccentric to a pre-
determined value in the right image display module,
and a state in which an alignment of the image (virtual
image) is adjusted by the movement of the lens
(magnifying lens).
Fig. 13 is an explanatory diagram showing a state in
which a lens is eccentric to a predetermined value
in the right image display module and showing the
condition of an equation for satisfying the predeter-
mined value.
Fig. 14 is an explanatory diagram showing the di-
mensions (part: mm) of the widths (width between
among pupils) between the right eyes and the left
eyes of the Japanese.
Fig. 15 is an explanatory diagram showing a state in
which a right line-of-sight and a left line-of-sight of a
user (wearer) are connected on a center line.
Fig.16A is an explanatory diagram showing an effect
obtained by adjusting a position of the right image
display module in the right image display module,
and showing light guide plates having different
lengths in the light guiding direction (left-right direc-
tion) and a state of the resulting loss of light quantity
(attenuation).
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Fig.16B is an explanatory diagram showing the effect
obtained by adjusting a position of the right image
display module, and showing a state in which a light
guide plate having a short length in the light guiding
direction (left-right direction) is adjusted.
Fig.16C is an explanatory diagram showing the ef-
fect obtained by adjusting a position of the right im-
age display module, and showing a state in which a
light guide plate having a long length in the light guid-
ing direction (left-right direction) is fixed.

[MODE FOR CARRYING OUT THE INVENTION]

[0017] Hereinafter, an example of an embodiment of
a wearable image display device according to the present
invention will be described in detail with reference to the
drawings. Since the drawings are schematic diagrams
showing the wearable image display device according to
the present invention, detailed portions of the wearable
image display device according to the present invention
are omitted in the drawings. Further, in the drawings,
some components are hatched and the other compo-
nents are not hatched.

(Description of configuration in the embodiment)

[0018] Hereinafter, a configuration of a wearable im-
age display device according to this embodiment will be
described. In the figures, reference numeral 1 denotes a
wearable image display device according to this embod-
iment. Reference numeral X denotes a left-right direction
with reference to a user (or wearer; hereinafter, referred
to as a user). Reference numeral Y denotes a front-back
direction with reference to the user. Reference numeral
Z denotes an up-down direction with reference to the
user.

(Description of wearable image display device 1)

[0019] As shown in Figs.1 to 4, the wearable image
display device 1 is a binocular-type wearable image dis-
play device, including a mounting module 5, a right image
display module 10R, a left image display module 10L,
and an adjustment mechanism 8.
[0020] The mounting module 5 is mounted on a face
of the user (or a head of the user; hereinafter referred to
as the face). The right image display module 10R is ar-
renged on the right side of the mounting module 5 via
the adjustment mechanism 8 so as to correspond to a
right eye ER of the user. The left image display module
10L is arrenged on the left side of the mounting module
5 via the adjustment mechanism 8 so as to correspond
to a left eye EL of the user.

(Description of mounting module 5)

[0021] As shown in Figs.2-4, the mounting module 5,
in this example, forms an eyeglass-type that is mounted

on the face of the user. The mounting module 5 includes
a front portion 50,and left and right temple portions 51,
51. The left and right temple portions 51, 51 are foldably
attached to the left and right ends of the front portion 50
via left and right hinges 52, 52. A nose pad 53 is provided
in a lower part of the center of the front portion 50.
[0022] The right image display module 10R is attached
to the right side of the front portion 50 via the adjustment
mechanism 8. The left image display module 10L is at-
tached to the left side of the front portion 50 via the ad-
justment mechanism 8.

(Description of adjustment mechanism 8)

[0023] As shown in Figs.2 and 4 to 6, the adjustment
mechanism 8 can adjust the positions of the right image
display module 10R and the left image display module
10L in the left-right direction X with respect to the mount-
ing module 5. The left-right direction X is the direction
connecting the right-eye ER and left-eye EL of the user.
[0024] The adjustment mechanism 8 includes a fixing
part 80, a moving part 81, an adjustment screw 82 and
a spring 83 as an adjustment part. A rectangular space
portion 84 is provided in the central portion of the fixing
part 80.A guide part 85 are provided on inner surfaces
(surfaces facing the space portion 84) of the upper and
lower wall portions of the fixing part 80.
[0025] The moving part 81 is housed in the space por-
tion 84 of the fixing part 80. A vertical dimension of the
moving part 81 is larger than a vertical dimension of the
space portion 84, whereas a lateral dimension of the mov-
ing part 81 is smaller than a lateral dimension of the space
portion 84. The upper and lower end portions of the mov-
ing part 8 are guided to the upper and lower guide parts
85 of the fixing part 80. As a result, the moving part 81
is movably attached to the fixing part in the left-right di-
rection 80 via the guide part 85.
[0026] The adjustment screw 82 is attached to the cen-
tral portion of an outer wall portion of the fixing part 80.
A head of the adjustment screw 82 located on the outside
of the outer wall portion of the fixing part 80 protrudes
outwardly from the fixed part 80. On the other hand, a tip
of the screw portion of the adjustment screw 82 located
inside the outer wall portion of the fixing part 80 is in
contact with an outer surface of the moving part 81.
[0027] The spring 83 is interposed in a compressed
state between the inner surface of the inner wall portion
of the fixing part 80 and the inner surface of the moving
part 81. As a result, when screwing the adjustment screw
82 against a spring force of the spring 83, it is possible
to move the moving part 81 inward. On the other hand,
when the adjustment screw 82 is screwed back, the
spring force of the spring 83 allows the moving part 81
to move outward.
[0028] Here, "outward" means the right side in the case
of the right image display module 10R, and the left side
in the case of the left image display module 10L. On the
other hand, "inward" means the left side in the case of
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the right image display module 10R, and the right side in
the case of the left image display module 10L.
[0029] The fixing part 80 is attached to each of the left
and right ends of the front portion 50 of the mounting
module 5. On the other hand, the moving part 81 is at-
tached to each of a light guide plate 34 of the right image
display module 10R and the left image display module
10L via a mounting bracket 86. As a result, each of the
adjustment mechanism 8 can move the right image dis-
play module 10R and the left image display module 10L
in the left-right direction X.

(Description of right image display module 10R and left 
image display module 10L)

[0030] Hereinafter, the right-side image display mod-
ule 10R will be described in detail with reference to
Fig.7A, Fig.7B, and Figs.8 to 11. Incidentally, the left im-
age display module 10L is equal to a structure obtained
by horizontally inverting the right image display module
10R. That is, the structure of the right image display mod-
ule 10R is obtained by only horizontally inverting the left
image display module 10L, which means the right image
display module 10R and the left image display module
10L have the same structure. Accordingly, a description
of the left image display module 10L will be omitted.
[0031] The right image display module 10R includes
an image light output part 2, an image light transmitting
part 3, and an image light emitting part 4.
[0032] The image light output part 2 and a part of the
image light transmitting part 3 constitute an image source
side portion (second component) 6 that is an incident
side portion. The remaining image light transmitting part
3 and the image light emitting part 4 constitute an image
display side portion (first component) 7 that is an emitting
side portion, that is, the portion to be viewed. The image
source side portion 6 and the image display side portion
7 are separately provided as a part structure. As a result,
the image source side portion 6 and the image display
side portion 7 are detachable from each other.

(Description of image light output part 2)

[0033] As shown in Fig.7A, Fig.7B and Figs.8 to 10,
the image light output part 2 outputs an image light L2
using a homogenized light (hereinafter, referred to as "a
regulated light") L1 as a transmission medium. Note that
the image to be displayed and the displayed image (im-
age to present a virtual image to the user) are not spe-
cifically shown. The image light output part 2 includes a
light source 20, a light regulation part 21, and a reflective
image modulation device 22 as an image output device.
[0034] The light source 20 is a backlight, which irradi-
ates (radiates) a light. The light source 20, in this exam-
ple, includes a substrate 200, and one or more LEDs 201
mounted on the substrate.
[0035] The light regulation part 21 regulates the light
from the light source 20 to homogenize its color and in-

tensity, to thereby obtain the regulated light L1. The light
regulation part 21, in this example, includes a first diffu-
sion sheet 211, a reflective sheet duct 210, a second
diffusion sheet 212, a prism sheet 213, a wire grid film
214, and a polarizing plate 215 from the light source 20
side.
[0036] The reflective sheet duct 210 forms a reflective
sheet in a duct shape, and an inner surface of the reflec-
tive sheet duct 210 forms a reflective surface. The reflec-
tive sheet duct 210, in this example, forms a square duct
shape with a cross section perpendicular to the center
line of the duct. The reflective sheet duct 210 may have
a cross-sectional shape other than a square shape, for
example, a cylindrical shape such as a rectangle, a circle,
or an ellipse.
[0037] The first diffusion sheet 211, the reflective sheet
duct 210, the second diffusion sheet 212 and the prism
sheet 213 irradiate a light from the light source 20 evenly
and concentratedly on the reflective image modulation
device 22. That is, a red light, a green light and a blue
light from the light source 20 are converged as white light
to a square (or a shape corresponding to cross-sectional
shape of the reflective sheet duct 210 such as a rectan-
gle, a circle, or an ellipse) to hit the reflective image mod-
ulation device 22.
[0038] The wire grid film 214 and the polarizing plate
215 polarize the light from the light source 20 to the light
whose polarization direction is adjusted with respect to
a polarizing beam splitter 30 described later, in this ex-
ample, the light of S polarization component.
[0039] The reflective image modulation dievice 22 is,
in this example, a reflective liquid crystal (LCOS). The
reflective image modulation device 22 is reflects the reg-
ulated light L1 from the optical regulation part 21 ,that
is ,the the regulated light L1 reflected from the polarizing
beam splitter 30 ,and outputs the the image light L2 by
using the regulated light L1 as a medium. That is, the
reflective image modulation device 22 rotates only the
image light L2 of the regulated light L1 by 90 degrees to
obtain a P polarization component.
[0040] Here, the image light output part 2 is configured
to output the image light L2 by the reflection type image
modulation; however, the image light output part 2 can
also be configured to output the image light L2 directly
using an organic LED device.

(Description of image light transmitting part 3)

[0041] As shown in Fig.7A, Fig.7B, and Figs.8 to 11,
the image light transmitting part 3 transmits the image
light L2 output from the image light output part 2. The
image light transmitting part 3 includes a polarizing beam
splitter 30, a lens 31, a 1/4λ wave plate (1/4 wave plate
or λ/4 wave plate) 32, a optical repeater 33, and a light
guide plate 34.
[0042] The polarizing beam splitter 30, in this example,
is a cube-shaped polarizing beam splitter 30, and con-
figured by sandwiching a wire grid film 301 on the slope
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of two right-angled prisms 300. The polarizing beam split-
ter 30 transmits the P polarization component of the light
(regulated light L1 and image light L2), while reflecting
the S polarization component of the light (regulated light
L1 and image light L2). As a result, the polarizing beam
splitter 30 reflects the regulated light L1 (light of S polar-
ization component) from the light regulation part 21 on
the reflective image modulation device 22 side. Further,
the polarizing beam splitter 30 transmits the image light
L2 (light of P polarization component) from the reflective
image modulation device 22 through the 1/4 λ wave plate
32 and the lens 31 side. Furthermore, the polarizing beam
splitter 30 reflects the image light L2 (light of S polariza-
tion component) from the lens 31 and 1/4λ wave plate
32 on the optical repeater 33 side.
[0043] The lens 31 is an enlarged lens, and includes
a lens part (aspherical optical lens) 311 having a reflect-
ing surface 310. The lens 31 reflects the image light L2
from the reflective image modulation device 22 transmit-
ting through the polarizing beam splitter 30 on the polar-
izing beam splitter 30 side. The lens 31 also adjusts the
positions of the images PC, PL, and PR (focusing of im-
ages PC, PL, and PR). Incidentally, an alignment of the
images PC, PL, and PR by the lens 31 will be described
in detail later with reference to Fig.12.
[0044] The 1/4λ wave plate 32 is disposed between
the polarizing beam splitter 30 and the lens 31. The 1/4λ
wave plate 32 rotates the polarization direction of the
image light L2 from the reflective image modulation de-
vice 22 by 90 degrees before incident on the lens 31 and
after the reflection from the lens 31.
[0045] As a result, the image light L2 from the reflective
image modulation device 22 ransmits through the 1/4λ
wave plate 32 from the polarizing beam splitter 30 side
to the lens 31 side, and ransmits through the 1/4λ wave
plate 32 from the lens 31 side to the polarizing beam
splitter 30 side. Thus, the image light L2 from the reflec-
tive image modulation device 22 which ransmits through
the 1/4λ wave plate 32 twice changes to the light of S
polarization component from the light of the P polarization
component, and is reflected on the optical repeater 33
side in the polarizing beam splitter 30.
[0046] The optical repeater 33, in this example, in-
cludes a triangular prism. The optical repeater 33 trans-
mits and relays the image light L2 from the reflective im-
age modulation device 22 to the light guide plate 34, the
image light L2 is ransmitted through the polarizing beam
splitter 30 ,ransmitted through the 1/4λ wave plate 32,
reflected by the lens 31, transmitted through the 1/4λ
wave plate 32 again and emitted by reflecttion at the po-
larizing beam splitter 30.
[0047] In this embodiment, the light guide plate 34 is
made of a colorless transparent resin material such as
acrylic resin or PC (polycarbonate), PMMA (polymethyl-
methacrylate, methacrylic resin), or a colorless transpar-
ent glass. The light guide plate 34 guides the incident
image light L2, which is transmitted and relayed from the
optical repeater 33, to the image light emitting part 4 by

a light guiding action (a total reflection action).
[0048] The light guide plate 34 forms a plate shape,
and includes two main surfaces (i.e.,a front surface 341
and a back surface 340) and four auxiliary surfaces
(i.e.,upper surface, lower surface, left end surface and
right end surface). The light guide plate 34 guides the
image light L2 to the image light emitting portion 4 by a
light guide action on the two main surfaces (the front sur-
face 341 and the back surface 340). Here, as shown in
Fig. 11, the front surface 341 of the light guide plate 34
faces the right-eye ER side of the user, and the back
surface 340 of the light guide plate 34 faces the back-
ground side (spatial side where image is displayed as
virtual image).
[0049] A transparent plate (not shown) for protecting
the light guide plate 34 may be fixed to at least one of
the front surface 341 and the back surface 340 of the
light guide plate 34. Further, the light guide plate 34 is
attached to the moving part 81 of the adjustment mech-
anism 8 via a mounting bracket 86 of the adjustment
mechanism 8. A portion where the light guide plate 34
attached has no effect on the light guide action of the
light guide plate 34 and the image visibility of the light
guide plate 34.

(Description of image light emitting part 4)

[0050] As shown in Fig.11, the image light emitting part
4 emits the image light L2 transmitted from the image
light transmitting part 3 to the outside. The image light
emitting part 4 includes a plurality of half mirrors which
are disposed in the light guide plate 34 and emit the image
light L2 guided through the light guide plate 34 to the
outside (hereinafter, the image light emitting part is re-
ferred to as a half mirror ).
[0051] The half mirror 4 is formed by laminating a die-
lectric layer film. Further, a front surface of the half mirror
4 faces the front surface 341 of the light guide plate 34,
the back surface 340 of the half mirror 4 faces the back
surface 340 of the light guide plate 34.
[0052] The image light L2 reflected on the front surface
of the half mirror 4 is emitted to the outside from the front
surface 341 of the light guide plate 34 and is incident on
the right eye ER of the user. The image light L2 incident
on the right-eye ER of the user forms a virtual image in
the space of the back surface 340 side of the light guide
plate 34. Thus, the user can visually recognize the image.
[0053] Here, the wearable image display device 1 ac-
cording to this embodiment is intended to be used as AR
(a technique of superimposing information on a real back-
ground). Therefore, when the user visually recognizes
the image emitted from the plurality of half mirrors 4 in
the light guide plate 34, the background light (not shown)
also ransmits through the light guide plate 34 and a plu-
rality of half mirrors 4 to be incident on the right-eye ER
of the user.
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(Description of an image source side portion (second 
component) 6 )

[0054] As shown in Fig.7A, Fig.7B and Figs.8 to 10,
the image source side portion (second component) 6 in-
cludes the light source 20, the light regulation part 21,
the reflective image modulation device 22, the lens 31,
and the 1/4λ wave plate 32 to be formed as a part struc-
ture. The image source side portion 6 has a mounting
member 60.
[0055] The mounting member 60 is formed of a hollow-
shaped housing or casing. A surface of the mounting
member 60 is surface-treated.. The surface treatment
prevents the light, the regulated light L1 and the image
light L2 from the light source 20 from being reflected and
becoming stray light. For example, the surface is black.
[0056] The reflective image modulation device 22, the
lens 31, and the 1/4λ wave plate 32 are attached to the
mounting member 60 so as to face each other with a
space 61 in between. The light source 20 and the light
regulation part 21 are attached to the mounting member
60 in a direction intersecting the opposite direction of the
reflective image modulation device 22, the lens 31, and
the 1/4λ wave plate 32.
[0057] An opening 62 is provided in a portion of the
mounting member 60 that faces the light source 20 and
the light regulation part 21 with the space 61 in between.
The opening 62 communicates with the space 61 such
that the polarizing beam splitter 30 of the image display
side portion 7 is retractably housed in the space 61.

(Description of image display side portion (first compo-
nent) 7)

[0058] As shown in Fig.7A, Fig.7B and Figs.8 to 10,
the image display side portion (first component) 7 in-
cludes the polarizing beam splitter 30, the optical repeat-
er 33, the light guide plate 34, and the plurality of half
mirrors 4 to be formed as a part structure. In the image
display side portion 7, the polarizing beam splitter 30 and
the optical repeater 33 are fixed to each other, and the
optical repeater 33 and the light guide plate 34 are fixed
to each other.
[0059] A cover (not shown) may be provided on at least
one of the polarizing beam splitter 30, the optical repeater
33, and the light guide plate 34. The cover does not in-
terfere with an optical path of the regulated light L1 and
the image light L2, and also does not interfere with an
image entering the right-eye ER of the user from the light
guide plate 34.

(Description of mounting structure)

[0060] The mounting structure for detachably attach-
ing the image source side portion 6 of the part structure
and the image display side portion 7 of the part structure
is provided on the mounting member 60 of the image
source side portion 6 and the cover of the image display

side portion 7. As the mounting structure, for example,
there are an elastic fitting structure of unevenness, a
screw fixing structure, a structure using a separate set
screw, and the like. Incidentally, the mounting structure
of the image display side portion 7 may not be a cover,
but may be provided on at least one of the polarizing
beam splitter 30, the optical repeater 33 and the light
guide plate 34, or provided on the mounting module 5.

(Description of state before lens 31 is eccentric to pre-
determined value (hereinafter, referred to as "reference 
state"))

[0061] Hereinafter, the reference state in the right im-
age display module 10R will be described with reference
to Fig.11. Incidentally, the right image display module
10R of the reference state shown in Fig.11 acts similarly
to a monocular-type wearable image display device (im-
age display module).
[0062] In Fig.11, the image light L2 in the light guide
plate 34 is guided from the right side to the left side by
the light guide action of the light guide plate 34, and is
reflected on the surface of the half mirror 4 on the way.
The image light L2 reflected on the surface of the half
mirror 4 is emitted to the outside from the front surface
341 of the light guide plate 34 and is incident on the right
eye ER of the user. The image light L2 incident on the
right eye ER of the user forms a virtual image in the space
on the back surface 340 side of the light guide plate 34.
Thus, an image is displayed, allowing the user to visually
recognize the image.
[0063] Here, as shown in Fig.11, a right line-of-sight
GR connecting the right eye ER of the user and the dis-
played image PR is a perpendicular line perpendicular
to the light guide plate 34. Further, the image PR is dis-
played on the right line-of-sight GR at a position sepa-
rated from the right eye ER of the user by an image dis-
play distance D. The image display distance D is the dis-
tance from the right-eye ER to the position where the
image PR is displayed. Incidentally, the right line-of-sight
GR coincides with the right image display direction (di-
rection to display the image PR). The left line-of-sight GL
o is also similar to the right line-of-sight GR.

(Description of alignment of image in reference state)

[0064] Hereinafter, an alignment of the image (virtual
image) of the right image display module 10R in the ref-
erence state will be described with reference to Fig.12.
Incidentally, the right image display module 10R in the
reference state shown in Fig.12 acts similarly to a mo-
nocular-type wearable image display device (image dis-
play module).
[0065] In Fig.12, an alignment of the image (virtual im-
age) PR is performed by moving the lens 31 relative to
the reflective image modulation device 22.
[0066] That is, by moving the lens 31 in the direction
of the solid line arrow X1 with respect to the reflective
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image modulation device 22, the position of the image
PR viewed from the user is adjusted in the left-right di-
rection X.
[0067] Further, by moving the lens 31 in the direction
of the solid line arrow Y1 with respect to the reflective
image modulation device 22, the position of the image
PR viewed from the user is adjusted in the front-back
direction Y.
[0068] Furthermore, by moving the lens 31 in the di-
rection of the solid line arrow Z1 with respect to the re-
flective image modulation device 22, the position of the
image PR viewed from the user is adjusted in the up-
down direction Z.
[0069] By such adjustments of the left-right direction X
and the up-down direction Z, the center of the lens 31
and the center of the reflective image modulation device
22 are aligned. Further, by the adjustment of the front-
back direction Y, the image PR is displayed at the position
of the image display distance D when viewed from the
user.
[0070] As described above, the visible position of the
image PR is adjusted, that is, aligned. The alignment of
the image PR is performed in the manufacturing process
of the wearable image display device. Then, as described
above, the image PR of the right image display module
10R in the reference state is displayed on the right line-
of-sight GR perpendicular to the light guide plate 34 at a
position separated by the image display distance D when
viewed from the user. In this way, the right image display
module 10R in the reference state (that is, the monocular-
type wearable image display device (image display mod-
ule)) allows the right eye of the user to focus perpendic-
ularly on the light guide plate 34.

(Description of focusing of binocular-type wearable im-
age display device)

[0071] Hereinafter, focusing of the binocular-type
wearable image display device will be described with ref-
erence to Fig.1.
[0072] As shown in Figs. 11 and 12, the monocular-
type wearable image display device focuses a single eye,
that is, the right eye ER on the image PR perpendicular
to the light guide plate 34. On the other hand, as shown
in Fig.1, the binocular-type wearable image display de-
vice is inclined inward at a predetermined angle to focus
both eyes, that is, the right eye ER and the left eye EL
on the image PC. Incidentally, this image PC (image PC
of the binocular-type wearable image display device) is
positioned at a point on the center line CL which is a
linear perpendicular bisector connecting the right-eye ER
and the left-eye EL, as shown in Fig.1.
[0073] Then, in a general binocular-type wearable im-
age display device, each of the monocular type wearable
image display devices in combined in the left and right,
and each of the left and right monocular type wearable
image display devices is inclined inward at a predeter-
mined angle for focusing

(Description of alignment of image in wearable image 
display device 1 according to this embodiment)

[0074] Here, in a state where the alignment of the im-
age of the monocular-type wearable image display de-
vice (image display module) is completed, the center of
the lens 31 and the center of the reflective image mod-
ulation device 22 coincide with each other.
[0075] In contrast, in the wearable image display de-
vice 1 according to this embodiment, as shown in Fig.1,
the center of the lens 31 in a state where the center is
aligned is disposed in a state eccentric to a predeter-
mined value with respect to the center of the reflective
image modulation device 22.
[0076] That is, in the right image display module 10R
in FIG.1, the lens 31 is disposed in a state eccentric to a
predetermined value in the X1R direction with respect to
the reflective image modulation device 22.
[0077] Thus, the image PR on the right side in the ref-
erence state moves in the solid line arrow XR direction
(left direction) as shown in Fig.1, and is positioned as the
image PC on the center line CL. Along with this, the right
line-of-sight GR in the reference state perpendicular to
the light guide plate 34 becomes the right line-of-sight
GRC that is on the center line CL side and faces the left
side, as shown in Fig.1.
[0078] Further, in the left image display module 10L in
Fig.1, the lens 31 is disposed in a state eccentric to a
predetermined value in the X1L direction with respect to
the reflective image modulation device 22.
[0079] Thus, the image PL on the left side in the refer-
ence state moves in the solid line arrow XL direction (right
direction) and is positioned as the image PC on the center
line CL, as shown in Fig.1. Along with this, the left line-
of-sight GL in the reference state perpendicular to the
light guide plate 34 becomes the left line-of-sight GLC
that is on the center line CL side and faces the right side,
as shown in Fig.1.
[0080] The right line-of-sight GRC and the left line-of-
sight GLC are connected at the image PC on the center
line CL, that is, at a point. As a result, the focusing of
both eyes, that is, of the right eye ER and the left eye EL,
is inclined inward at a predetermined angle and focused
on the image PC.

(Description of predetermined value for disposing lens 
31 in eccentric state)

[0081] Hereinafter, a predetermined value for dispos-
ing the lens 31 in an eccentric state will be described with
reference to Figs. 13 and 14.
[0082]

Fig.13 is an explanatory diagram showing a state in
which the lens 31 is eccentric to a predetermined
value in the right image display module 10R and
showing the condition of the following equation (1)
for satisfying the predetermined value. Fig.14 is an
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explanatory diagram showing the dimensions (part:
mm) of the widths (width between pupils) d, d1, d2,
d3 between the right eyes ER, ER1 ER2 ER3 and
the left eyes EL1, EL2, EL3 EL4 of the Japanese.

[0083] The predetermined value is a value when the
image PR of the right image display module 10R and the
image PL of the left image display module 10L in the
reference state are positioned as binocular images PC,
PC1, PC2, and PC3 on the center line CL, respectively.
[0084] Further, the predetermined value is obtained
from the image display distance D in at least one of the
right image display module 10R and the left image display
module 10L in the reference state, and a half of the width
d (or spacing; hereinafter, referred to as "width between
the left and right eyes") between the right eye ER and
the left eye EL.
[0085] Then, the predetermined value satisfies the fol-
lowing equation (1).
[0086] That is, 

,where θ is the angle defined by the center line CL and
the right line-of-sight GRC (or the left line-of-sight GLC)
(see Fig.13). d is the width between the left and right eyes
(see Fig.13). D is the image display distance in the right
image display module 10R or the left image display mod-
ule 10L in the reference state (see Figs. 11 and 13).
[0087] Here, in the above equation (1), a specific nu-
merical value is substituted to obtain a specific numerical
value as the predetermined value that eccentricizes the
lens 31.
[0088] First, the width d between the right and left eyes
is an average value of multiple people in at least one of
gender, age, and region. In this example, as shown in
Fig.14, the width d is 64 mm which is an average value
of the Japanese.
[0089] Fig.14 is an explanatory diagram showing an
average value of a plurality of the Japanese living in To-
kyo. That is, in an elderly female group (A), the average
value of 100 persons is 61.1mm. In an elderly male group
(B), the average value of 100 persons is 64.4mm. In a
youth female group (C), the average value of 61 persons
is 61.7mm. In a youth male group (D), the average value
of 56 persons is 64.1mm. Thus, the average value of the
width d between the left and right eyes of the Japanese
is about 64mm, and a range of the width d between the
left and right eyes of the Japanese is said to be about
55mm to about 71mm.
[0090] Next, by determining the image display distance
D, a specific numerical value as the predetermined value
for eccentricity of the lens 31 is obtained. The image dis-
play distance D is 4000 mm (4 m) in this example. That
is, the image display distance D for a person whose width
d between the left and right eyes is about 64 mm is ad-
justed to 4000 mm. As a result, the angle θ is about 0.4 °.

[0091] Then, the lens 31 is eccentric in the X1R direc-
tion and the X1R direction with respect to the reflective
image modulation device 22 such that the angle θ defined
by the center line CL, the right line of sight GRC and the
left side line of sight GLC becomes about 0.4 °. When
the angle θ becomes about 0.4 °, the lens 31 is fixed to
the mounting member 60.

(Description of images PC and PC1, PC2, PC3, PC4)

[0092] As described above, the image PC and PC1,
PC2, PC3, PC4 in the wearable image display device 1
according to this embodiment are aligned as shown in
Fig. 15.
[0093] That is, in the case of a person whose width d2
between the left and right eyes is about 64 mm, the right
line-of-sight GRC2 from the right eye ER2 and the left
line-of-sight GLC2 from the left eye EL2 are connected
in the images PC and PC2 on the center line CL. The
image display distance D in this case is 4000mm.
[0094] Further in the case of a person whose width d1
between the left and right eyes is narrower than about
64 mm, the right line-of-sight GRC1 from the right eye
ER1 and the left line-of-sight GLC1 from the left eye EL1
are connected in the image PC1 on the center line CL.
The image display distance D in this case is shorter than
4000mm.
[0095] Furthermore, in the case of a person whose
width d1 between the left and right eyes is wider than
about 64 mm, the right line-of-sight GRC3 from the right
eye ER3 and the left line-of-sight GLC3 from the left eye
EL3 are connected in the image PC3 on the center line
CL. The image display distance D in this case is longer
than 4000mm.
[0096] Furthermore, in the case of a person whose
width between the right eye ER3 and the center line CL
is (d3/2) and whose the width between the left eye EL2
and the center line CL is (d2/2), the right line-of-sight
GRC3 from the ER3 and the left line-of-sight GLC2 from
the left eye EL2 (see solid line arrows and two-dot chain
line arrows in Fig. 15) are connected in the image PC4
on the position shifted to the right from the center line
CL. The image display distance D in this case is longer
than 4000mm.
[0097] As described above, the wearable image dis-
play device 1 according to this embodiment adjusts the
image display distance D to about 4000 mm for a person
whose width d between the left and right eyes is about
64 mm. Even in this case, as shown in Fig.15, in the
wearable image display device 1 according to this em-
bodiment, even for a person whose widths d1 and d3
between the left and right eyes are about 55 mm to about
71 mm, the image PC1, PC3 and PC4 are aligned on the
center line CL or near the left and right sides of the center
line CL, although the image display distance D is not
about 4000mm.
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(Description of operation in the embodiment)

[0098] The wearable image display device 1 according
to this embodiment has the above-described configura-
tion, and the operation thereof will be described below.
[0099] The light source 20 is turned on. Then, as shown
in FIG.10, the light emitted from the light source 20 is
regulated by the light regulation part 21 to become the
regulated light L1 (light of S polarization component). The
regulated light L1 is reflected on the reflective image mod-
ulation device 22 side by the polarizing beam splitter 30,
and is reflected on the reflective image modulation device
22 to become the image light L2.
[0100] The image light L2 from the reflective image
modulation device 22 is reflected on the lens 31 after
transmitting through the polarizing beam splitter 30 and
1/4λ wave plate 32, and ransmits through the 1/4λ wave
plate 32. Thus, the image light L2 from the reflective im-
age modulation device 22 transmitting through the 1/4λ
wave plate 32 twice becomes the light of S polarization
component, and is reflected on the optical repeater 33
side by the polarizing beam splitter 30.
[0101] As shown in Figs. 10 and 11, the image light L2
reflected on the optical repeater 33 side is relay-trans-
mitted from the optical repeater 33 to the light guide plate
34, and is guided and transmitted through the light guide
plate 34. The image light L2 guided and transmitted
through the light guide plate 34 is reflected on the sur-
faces of the plurality of half mirrors 4 disposed in the light
guide plate 34.
[0102] The image light L2 reflected on the surface of
the half mirror 4 is emitted from the front surface 341 of
the light guide plate 34 to the outside and is incident on
the right eye ER and the left eye EL of the user. Thus,
the user can visually recognize the image light L2 as an
image of the space on the back surface 340 side of the
light guide plate 34. At this time, the background light
also ransmits through the light guide plate 34 and the
plurality of half mirrors 4 to be incident on the right-eye
ER and left-eye EL of the user. Thus, the user can visually
recognize the background together with the image.
[0103] Here, the adjustment screw 82 of the adjust-
ment mechanism 8 is appropriately turned and screwed
in or unscrewed. Then, the moving part 81 moves in the
left-right direction X with respect to the fixing part 80. As
a result, the right image display module 10R and the left
image display module 10L can be moved in the left-right
direction X via the adjustment mechanism 8.

(Description of effects of the embodiment)

[0104] The wearable image display device 1 according
to this embodiment has the above-described configura-
tion and operation, and the effect thereof will be described
below.
[0105] In the wearable image display device 1 accord-
ing to this embodiment, the lens 31 is disposed in a state
eccentric to a predetermined value with respect to the

reflective image modulation device 22. As a result, in the
wearable image display device 1 according to this em-
bodiment, the positions of the images PC, PC1, PC2,
PC3, and PC4 (positions visually recognized by user) are
adjusted to suit the majority of users. Thus, the wearable
image display device 1 according to this embodiment
eliminates the need to adjust the positions of the images
PC, PC1, PC2, PC3, and PC4 every time the device is
used.
[0106] In the wearable image display device 1 accord-
ing to this embodiment, the predetermined value of the
eccentricity of the lens 31 is a value such that the image
PR on the right side and the image PL on the left side in
the reference state move in the solid line arrow XR di-
rection (left direction) and in the solid line arrow XL (right
direction) as shown in Fig. 1, and are displayed as the
image PC on the center line CL.
[0107] Moreover, in the wearable image display device
1 according to this embodiment, the predetermined value
of the eccentricity of the lens 31 is a value such that the
right line-of-sights GRC, GRC1, GRC2, GRC3 and the
left side line-of-sights GLC, GLC1, GLC2, GLC3 are con-
nected on the center line CL.
[0108] As a result, the wearable image display device
1 according to this embodiment is adjusted so that the
positions of the images PC, PC1, PC2, PC3 and PC4 are
more suitable for the majority of users. Thus, the wear-
able image display device 1 according to this embodi-
ment eliminates the need to adjust the positions of the
images PC, PC1, PC2, PC3 and PC4 every time the de-
vice is used.
[0109] In the wearable image display device 1 accord-
ing to this embodiment, the predetermined value of the
eccentricity of the lens 31 is a value obtained from the
image display distance D and one half of the width d
between the left and right eyes. As a result, the wearable
image display device 1 according to this embodiment is
adjusted so that the positions of the images PC, PC1,
PC2, PC3, and PC4 are more suitable for the majority of
users. Thus, the wearable image display device 1 ac-
cording to this embodiment eliminates the need to adjust
the positions of the images PC, PC1, PC2, PC3, and PC4
every time the device is used.
[0110] In the wearable image display device 1 accord-
ing to this embodiment, the predetermined value of the
eccentricity of the lens 31 is a value that satisfies θ =
arctan {(d/2)/D}. As a result, the wearable image display
device 1 according to this embodiment is adjusted so that
the positions of the images PC, PC1, PC2, PC3 and PC4
are more suitable for the majority of users. Thus, the
wearable image display device 1 according to this em-
bodiment eliminates the need to adjust the positions of
the images PC, PC1, PC2, PC3 and PC4 every time the
device is used.
[0111] The wearable image display device 1 according
to this embodiment uses a value obtained from the av-
erage of the Japanese as the width d between the left
and right eyes, but depending on the country or region
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where the device is sold, it is desirable to correct the
width d in consideration of an average value of the people
living there. In this case, the width d shall be obtained
from the average value of multiple people in at least one
of gender, age or region. As a result, the wearable image
display device 1 according to this embodiment is adjusted
so that the positions of the images PC, PC1, PC2, PC3
and PC4 are more suitable for the majority of users. Thus,
the wearable image display device 1 according to this
embodiment eliminates the need to adjust the positions
of the images PC, PC1, PC2, PC3 and PC4 every time
the device is used.
[0112] In the wearable image display device 1 accord-
ing to this embodiment, the image display side portion
(first component) 7 having the polarizing beam splitter
30, the light guide plate 34 and the plurality of half mirrors
4, and the image source side portion (second compo-
nent) 6 having the reflective image modulation device 22
and the lens 31 are separately provided as a part struc-
ture,and the image display side portion 7 is attached to
the mounting module 5, and the image source side por-
tion 6 is detachably attached to the image display side
portion 7.
[0113] As a result, the wearable image display device
1 according to this embodiment can freely change and
set the image source side portion 6 with respect to the
image display side portion 7. Thus, the wearable image
display device 1 according to this embodiment can freely
change and set a FOV (viewing angle) and the resolution,
and easily manufacture products having different a FOV
(viewing angle) and the resolution. Moreover, the wear-
able image display device 1 according to this embodi-
ment can freely combine a focal length of the lens 31,
the size of the reflective image modulation device 22 (im-
age output device), and the like.
[0114] In the wearable image display device 1 accord-
ing to this embodiment, the image source side portion 6
and the image display side portion 7 are separately pro-
vided as a part structure. Thus, the wearable image dis-
play device 1 according to this embodiment can attach
and detach the image source side portion 6 and the image
display side portion 7 to/from each other.As a result, the
wearable image display device 1 according to this em-
bodiment can be easily maintained, and also can be sim-
ply used.
[0115] That is, the wearable image display device 1
according to this embodiment, by removing the image
source side portion 6 and the image display side portion
7 from the device, can easily maintain the image source
side portion 6 and the image display side portion 7 sep-
arately. Further, the wearable image display device 1 ac-
cording to this embodiment, by attaching the image
source side portion 6 and the image display side portion
7 to the device, the image source side portion 6 and the
image display side portion 7 are integrated, which makes
it possible to simply use the wearable image display de-
vice 1. Furthermore, in the wearable image display de-
vice 1 according to this embodiment, the image source

side portion 6 and the image display side portion 7 can
be manufactured separately and efficiently.
[0116] In the wearable image display device 1 accord-
ing to this embodiment, the positions of the right image
display module 10R and the left image display module
10L can be adjusted in the left-right direction X, which is
the direction of connecting the right eye ER and left eye
EL of the user, with respect to the mounting module 5
via the adjustment mechanism 8. As a result, the wear-
able image display device 1 according to this embodi-
ment is adjusted so that the positions of the images PC,
PC1, PC2, PC3, and PC4 are more suitable for the ma-
jority of users.
[0117] Moreover, since the wearable image display de-
vice 1 according to this embodiment can move and adjust
the positions of the right image display module 10R and
the left image display module 10L in the left-right direction
X with respect to the mounting module 5, the length of
the light guide plate 34 in the left-right direction X can be
shortened. Thus, the wearable image display device 1
according to this embodiment can suppress the loss of
light incident on the eyes from the light guide plate 34.
[0118] Hereinafter, a relative relationship between the
length of the light guide plate 34 in the left-right direction
X and the loss of light incident on the eyes from the light
guide plate 34 will be described with reference to Fig.16A
to Fig.16C. Fig.16A to Fig.16C are explanatory diagrams
illustrating an effect obtained by adjusting a position of
the right image display module in the right image display
module. Fig.16A is an explanatory diagram showing light
guide plates having different lengths in the light guiding
direction (left-right direction) and a state of the resulting
loss of a light quantity (attenuation). Fig.16B is an ex-
planatory diagram showing a state in which a light guide
plate having a short length in the light guiding direction
(left-right direction) is adjusted. Fig.16C is an explanatory
diagram showing a state in which a light guide plate hav-
ing a long length in the light guiding direction (left-right
direction) is fixed.
[0119] In the upper side of FIG.16A, reference numeral
"34A" is a light guide plate of this embodiment having a
short length TA in the light guiding direction (in the direc-
tion of arrow A and in the left-right direction). Reference
numeral "34B" is a light guide plate of a comparative ex-
ample in which the length TB in the light guiding direction
is longer than the length TA of the light guide plate 34A
of this embodiment. The light incident on the light guide
plates 34A and 34B is guided in the direction of arrow A.
[0120] In the lower side of Fig.16A, the vertical axis
indicates the amount of light Q emitted from the surface
of the light guide plates 34A and 34B. Further, the hori-
zontal axis indicates the length T in the arrow A direction
of the surface of the light guide plates 34A and34B.Fur-
thermore, the right end of the light guide plate 34A in this
embodiment (the end on the side where light is incident)
and the right end of the light guide plate 34B in the com-
parative example are aligned. Assuming that the length
T at the right ends of the light guide plates 34A and 34B
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is set to "0". The length T of the light guide plate 34A in
this embodiment has a length between "T1" and "T2".
On the other hand, the length T of the light guide plate
34B in the comparative example has a length longer than
that of "T3".
[0121] Here, the light quantity emitted from the right
ends of the light guide plates 34A and 34B is maximum.
On the other hand, the light quantity of the light emitted
from the left ends of the light guide plates 34A and 34B
is minimal. As a result, a light quantity Q1 of the light
emitted from the location of the length T1 of the light guide
plates 34A and 34B is large. Further, a light quantity Q2
of the light emitted from the location of the length T2 of
the light guide plate 34B is small in comparison with the
light quantity Q1. Furthermore, A light quantity Q3 of the
light emitted from the location of the length T3 of the light
guide plate 34B is small in comparison with the light quan-
tity Q1 and Q2.
[0122] Thus, the light guide plate 34A in this embodi-
ment having a short length TA in the light guiding direction
can suppress the loss of light incident on the eyes in
comparison with the light guide plate 34B in the compar-
ative example in which the length TB in the light guiding
direction is longer than the length TA of the light guide
plate 34A in this embodiment.
[0123] In Fig.16B, the light guide plate 34A in this em-
bodiment having the short length TA in the light guiding
direction can be moved in the left-right direction X with
respect to the mounting module 5 by the adjustment
mechanism 8 as described above. As a result, the light
guide plate 34A in this embodiment can make light having
a large light quantity Q1 incident on the eyes ER1, ER2,
and ER3 of the majority of users.
[0124] On the other hand, in Fig.16C, the light guide
plate 34B in the comparative example in which the length
TB in the light guiding direction is longer than the length
TA of the light guide plate 34A in this embodiment is a
fixed type, and makes light to be incident on the eyes
ER1, ER2, and ER3 of the majority of users. However,
in the light guide plate 34B in the comparative example,
since the length TB in the light guiding direction is longer
than the length TA of the light guide plate 34A in this
embodiment, the light quantity Q2 and Q3 are smaller
toward the left end than the light quantity Q1 of the light
emitted from the location T1. As a result, according to
the light guide plate 34B in the comparative example, the
user of the eye ER3 can view the image with the light
which the light quantity Q1 is large, but the user of the
eyes ER2 and ER1 can view the image only with the light
which the light quantity Q2 and Q3 is small.
[0125] In contrast, according to the light guide plate
34A in this embodiment, although the adjustment mech-
anism 8 is required, the majority of users of the eyes ER1,
ER2, and ER3 can view the image with the light which
the light quantity Q1 is large.
[0126] The wearable image display device 1 according
to this embodiment includes the fixing part 80 in which
the adjustment mechanism 8 is attached to the mounting

module 5, the moving part 81 to which the right image
display module 10R and the left image display module
10L are attached and that is movably attached to the
fixing part 80 in the left-right direction X, and the adjust-
ment screw 82 and the spring 83 capable of adjusting
the position of the moving part 81 with respect to the
fixing part 80 as the adjustment part. As a result, the
wearable image display device 1 according to this em-
bodiment ensures that the positions of the right image
display module 10R and the left image display module
10L are adjusted in the left-right direction X with respect
to the mounting module 5 via the adjustment mechanism
8.

(Description of examples other than the embodiment)

[0127] In the above-described embodiment, the eye-
glass-type mounting module 5 that is detachably mount-
ed to the face of the user is used. However, in the present
invention, a mounting module other than the eyeglass-
type one may be used. For example, a goggle type or a
cap type mounting module may be used.
[0128] Further, in the above embodiment, the lens 31
is eccentric to both the right image display module 10R
and the left image display module 10L. However, in the
present invention, the lens 31 may be eccentric to either
the right image display module 10R or the left image dis-
play module 10L. In this case, the image viewed from the
both eyes (right eyes ER, ER1, ER2, ER3 and left eyes
EL, EL1, EL2, EL3) is displayed at a position shifted to
the right side (see image PC4 in Fig.15) or to the left side
with respect to the center line CL on a linear perpendic-
ular bisector connecting the right eyes ER, ER1, ER2,
ER3 and left eyes EL, EL1, EL2, EL3.
[0129] Furthermore, in the above embodiment, the
right image display module 10R and the left image display
module 10L are attached to the mounting module 5 via
the adjustment mechanism 8. However, in the present
invention, the right image display module 10R or the left
image display module 10L may be attached to the mount-
ing module 5 via the adjustment mechanism 8. Further,
in the present invention, the right image display module
10R and the left image display module 10L may be di-
rectly attached to the mounting module 5 without via the
adjustment mechanism 8.
[0130] Furthermore, in the above embodiment, the
light guide plate 34 on the image display side portion (first
component) 7 of the right image display module 10R and
the left image display module 10L is attached to the left
and right ends of the front portion 50 of the mounting
module 5 via the adjustment mechanism 8. However, in
the present invention, for example, the mounting member
60 on the image source side portion (second component)
6 of the right image display module 10R and the left image
display module 10L may be attached to the left and right
ends of the front portion 50 of the mounting module 5 via
the adjustment mechanism 8 or may be directly attached
thereto without via the adjustment mechanism 8. In this
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case, the image display side portion (first component) 7
and the image source side portion (second component)
6 of the right image display module 10R and the left image
display module 10L form an integral structure.
[0131] Furthermore, in the above embodiment, the
right image display module 10R and the left image display
module 10L are attached to the left and right ends of the
front portion 50 of the mounting module 5 via the adjust-
ment mechanism 8. However, in the present invention,
the right image display module 10R and the left image
display module 10L may be directly attached to a portion
other than the left and right ends of the front portion 50
of the mounting module 5 without via the adjustment
mechanism 8.
[0132] Furthermore, in the above embodiment, the
right image display module 10R and the left image display
module 10L can be adjusted in the left-right direction X
with respect to the mounting module 5 by the adjustment
mechanism 8. However, in the present invention, the right
image display module 10R and the left image display
module 10L may be adjustable in a direction other than
the left-right direction X with respect to the mounting mod-
ule 5.
[0133] For example, the adjustment mechanism may
allow the right image display module 10R and the left
image display module 10L to be adjusted in the up-down
direction Z or the other direction with respect to the
mounting module 5. In this case, the adjustment mech-
anism 8 in the above embodiment may be used.
[0134] Further, in the above embodiment, the reflective
image modulation device 22 of the reflective liquid crystal
(LCOS) is described as the image output device. How-
ever, in the present invention, the image output device
may be a device other than the reflective image modu-
lation device 22 of the reflective liquid crystal (LCOS).
For example, the device may be a reflective mirror device
such as DLP (TM), or a transmissive device. The entire
image light output part 2 may also be an image output
device that emits light by an organic LED. Incidentally,
in the case of using a transmission type device, a trans-
mission type lens is used.
[0135] Further, in the above embodiment, when the
wearable image display device 1 is mounted on the face
of the user via the mounting module 5, the front surface
341 and the back surface 340 of the light guide plate 34
are parallel to the left-right direction X as an example.
However, in the present invention, when the wearable
image display device 1 is mounted on the face of the user
via the mounting module 5, the front surface 341 and the
back surface 340 of the light guide plate 34 may be in-
clined with respect to the left-right direction X (slight in-
clination).
[0136] Note that the present invention is not limited to
the above-described embodiment. For example, the spe-
cific numerical value 64 mm of the width d between the
left and right eyes, and the specific numerical value 4000
mm of the image display distance D are not limited.

[Description of Symbols]

[0137]

1 Wearable image display device
10R Right image display module
10L Left image display module
2 Image light output part
20 Light source
200 Substrate
201 LED
21 Light regulation part
210 Reflective sheet duct
211 First diffusion sheet
212 Second diffusion sheet
213 Prism sheet
214 Wire grid film
215 Polarizing plate
22 Reflective image modulation device (image out-
put device)
3 Image light transmitting part
30 Polarizing beam splitter
300 Right-angled prism
301 Wire grid film
31 Lens
310 Reflecting surface
311 Lens part
32 1/4λ wave plate
33 Optical repeater
34 Light guide plate
34A Light guide plate of this embodiment
34B Light guide plate of comparative example
340 Back surface
341 Front surface
4 Image light emitting part (half mirror)
5 Mounting module
50 Front portion
51,51 Temple portion
52,52 Hinge
53 Nose pad
6 Image source side portion (second component)
60 Mounting member
61 Space
62 Opening
7 Image display side portion (first component)
8 Adjustment mechanism
80 Fixing part
81 Moving part
82 Adjustment screw (adjustment part)
83 Spring (Adjusting part)
84 Space portion
85 Guide part
86 Mounting bracket
A Light guiding direction
CL Center line
d, d1, d2, d3 Width between right and left eyes
D Image display distance
EL, EL1, EL2, EL3 left eye
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ER, ER1, ER2, ER3 right eye GL, GLC, GLC1,
GLC2, GLC3 left line-of-sight
GR, GRC, GRC1, GRC2, GRC3 right line-of-sight
L1 Regulated light
L2 Image light
PC, PC1, PC2, PC3, PC4 image (image by both eyes
(right and left eyes))
PL image (monocular (left-eye) image)
PR image (monocular (right-eye) image)
Q, Q1, Q2, Q3 light quantity
T, T1, T2, T3 length
TA Length of light guide plate 34A in this embodiment
TB Length of light guide plate 34B in comparative
example
X Left-right direction
Y Front-back direction
Z Up-down direction
X1 Adjustment direction in left-right direction
Y1 Adjustment direction in front-back direction
Z1 Adjustment direction in up-down direction
XL Right direction
XR Left direction
X1L Adjustment direction in left direction e
X1R Adjustment direction in right direction

Claims

1. A wearable image display device comprising:

a mounting module mounted on a face of a user;
a right image display module arranged on a right
side of the mounting module so as to correspond
to a right eye of the user; and
a left image display module arranged on a left
side of the mounting module so as to correspond
to a left eye of the user, wherein
each of the right image display module and the
left image display module includes:

an image output device outputting an image
as an image light;
a lens adjusting a position of the image out-
put from the image output device;
a light guide plate making the image light
output from the image output device inci-
dent and guiding the incident image light by
a light guiding action; and
a plurality of half mirrors, which are dis-
posed in the light guide plate, making the
image light guided through the light guide
plate incident on the right eye from a surface
of the light guide plate in the case of the
right image display module, making the im-
age light incident on the left eye from a sur-
face of the light guide plate in the case of
the left image display module, and display-
ing the image in a space of a back surface

side of the light guide plate, wherein
in at least one of the right image display
module and left image display module, the
lens is disposed in a state eccentric to a
predetermined value with respect to the im-
age output device.

2. The wearable image display device according to
claim 1, wherein

the lens in the right image display module and
left image display module is disposed in a state
eccentric to a predetermined value with respect
to the image output device, and
the predetermined value is a value such that a
right image display direction and a left image
display direction intersect at a point on a linear
perpendicular bisector connecting the right eye
and the left eye, the right image display direction
displaying the image of the right image display
module and the left image display direction dis-
playing the image of the left image display mod-
ule.

3. The wearable image display device according to
claim 1, wherein
when a state before the lens is eccentric is a refer-
ence state, the predetermined value is obtained
from:

either a right image display distance in the right
image display module in the reference state,
which is a distance from the right eye to a posi-
tion where the image is displayed, or a left image
display distance in the left image display module
in the reference state, which is a distance from
the left eye to a position where the image is dis-
played; and
a half of a width between the right eye and the
left eye.

4. The wearable image display device according to
claim 1, wherein

the predetermined value satisfies the following
equation (1): 

where θ is an angle define by a center line which
is a linear perpendicular bisector connecting the
right eye and the left eye, and a right line-of-sight
or a left line-of-sight which is a line segment from
the right eye or the left eye to a point on the
center line,
where d is a width between the right eye and the
left eye, and
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where D is, when a state before the lens is ec-
centric is a reference state, either a right image
display distance in the right image display mod-
ule in the reference state, which is a distance
from the right eye to a position where the image
is displayed, or a left image display distance in
the left image display module in the reference
state, which is a distance from the left eye to a
position where the image is displayed.

5. The wearable image display device according to
claim 3 or 4, wherein
the width is obtained from an average value of mul-
tiple people in at least one of gender, age and region.

6. The wearable image display device according to
claim 1o 5, wherein

in at least one of the right image display module
and the left image display module, a first com-
ponent including the light guide plate and the
plurality of half mirrors and a second component
including the image output device and the lens
are separately provided as a part structure,
the first component is attached to the mounting
module, and
the second component is detachably attached
to the first component.

7. The wearable image display device according to
claim 6, wherein

an adjustment mechanism is provided between
the mounting module and at least one of the right
image display module and the left image display
module, and
the adjustment mechanism allows at least one
position of the right image display module and
the left image display module to be adjusted with
respect to the mounting module.

8. The wearable image display device according to
claim 7, wherein

the adjustment mechanism includes:
a fixing part attached to the mounting module;
a moving part to which at least one of the right
image display module and the left image display
module is attached, and that is movably at-
tached to the fixing part;
and
an adjustment part capable of adjusting a posi-
tion of the moving part with respect to the fixing
part.
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