HEAD- MBUNTED DI SPLAY APPARATUS W TH A SI NGLE | MAGE DI SPLAY DEVI Cqua—pQ%Ps&"
the Invention The present invention relates to a head-nounted dis Z?gg
apparatus; and, nore particularly, to a head-nounted display appar S

i ncorporating therein a single imge display device. Description of the
Prior Art There is shown in Fig. 1 a schematic diagram of a conventi onal
head- nount ed di spl ay apparatus conpri si a pair of image display devices
1, 2, e.g., liquid crystal displays, and a pair of nmagnifying | enses 3, 4.

The i mage di spl ay devices lqé%njﬂﬁﬁﬁﬁﬁﬁiﬂfgﬁﬂéyﬂAﬁﬁA%Fﬁﬁsand right eyes 5,
e

6 of an observer, respectiv are connected to eo signal source (not
shown) and displ ay . WITH A SINGLE IMAGE DISPLAY DEVICE

Field of the Invention

The present invention relates to a head-mounted display
apparatus; and, more particularly, to a head-mounted display

apparatus incorporating therein a single image display device.

Description of the Prior Art

There is shown in Fig. 1 a schematic diagram of a
conventional head-mounted display apparatus comprising a pair
of image display devices 1, 2, e.q., liqﬁid crystal displays,
and a pair of magnifying lenses 3, 4.

The image display devices 1, 2, disposed in front of left
and right eyes 5, 6 of an observer, respectively, are
connected to a video signal source (not shown) and display
images on the basis of video signals therefrom.

The magnifying lenses 3, 4 are positioned between the
image display devices 1, 2 and the left and the right eyes 5,
6, respectively, thereby enabling the observer to see enlarged
virtual images formed at a certain distance from the eyes 5,
6. |

However, as a result of the presence of two image display

devices, such a conventional head-mounted display apparatus is



| rages *on the basis of video signals therefrom The magnifying |l enses 3, 4
are positioned between the inage display devices 1, 2 and the left and the
right eyes 5, 6, respectively, thereby enabling the observer to see
enlarged virtual inmages forned at a certain distance fromthe eyes 5, 6.
However, as a result of the presence of 3w image display devices, such a
conventi onal head-nounted display apparatus is 2 fairly heavy, making it
burdensonme on the observer's head. In addition, -.there exists a conplicated
circuit for t€ramdy heamy, making it burdensome on the observer’s head. 1In
addition, there exists a complicated circuit for transmitting

the video signals to the individual image display device.

Summary of the InVention

It is, therefore, a primary object of the invention to
provide a head-mounted display apparatus having a reduced
weight and a simplified circuit by incorporating therein a
single image display device. |

In accordance with an aspect of the present invention,
there is provided a head-mounted display apparatus comprising:
an image display devipe for displaying images; means fof
splitting light from thé image display device into two light
beams, one of the light beams being led to one eye of an
observer; a reflection mirror for reflecting. the other light
beam split by the light splitting means to the other eye of
the observer; and a first and a second magnifying lenses
disposed between the beam éplitter and one eye of the observer
and between the reflection mirror and the other eve,
respectively.

In accordance with another aspect of the present
invention, there is provided a head-mounted display apparatus
.comprising:.an image display device for displaying images;
means for splitting light from the image display device into

two light beams; a reflection mirror for reflecting one of the

g
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the video signals to the individual inmage display device. Summary of the
Invention It is, therefore, a primary object of the invention to provide a
head- nount ed di spl ay apparatus having a reduced weight and a sinplified
circuit by incorporating therein a single inmge display device. In
accordance with an aspect of the presentginvention, there is provided a
head- mount ed di spl ay apparatus conprising: an inmage di splay device for
di spl ayi ng i nages; neans for splitting light fromthe image di splay device
into two |igltidieameammnepifit ey lthghtlighgmephétidngesiehnsone €yesef aad a
observer; a reflection mrror for reflecting the other |ight beamsplit by
t he |ight splsedand) hedldhsitmrdrse forheefdpetdingt hbeobsherel ightdbeami splitind
a second magni fyi ng | enses
by the splitting means and the light beam reflected by the
reflection mirror, respectlvely; and a first and a second
concave reflection mirrors for reflecting the light beams from
the first and the second half mirrors to one eye and the other

eye of an observer, respectively.

Brief Description of the Drawings

The above and other objects and features of the present
invention will become apparent from the following description
of preferred embodiments taken in conjunction with the
accompanying drawings, in which:

Fig. 1 shows a schematic diagram of a conventional head-
mounted display apparatus; -

Figs. 2 and 3 illustrate a schematic diagram and a
schematic perspective view of a head-mounted display apparatus
in accordance with a preferred embodiment of the present
invention, respectively;

Figs. 4 and 5 illustrate a schematic diagram and a
schematic perspective view of a head-mounted display apparatus
in accordance with the third preferred embodiment of the
present invention, respectively;

Fig. 6 sets forth a schematic perspectlve view of a head-

mounted.dlsplay'apparatus in accordance with another preferred
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di sposed between the beam splitter and one eye of the observer and between

the reflection mrror and the other eye, respectively. In accordance wth

anot her aspect of the present invention, there is provided a

head- mount ed di spl ay -apparatus conprising: an imge di splay device for

di splaying i mages; a beamsplitter partially transmtting and partially

reflecting the light fromthe i nage di spkay device in proportion of

substantially 1:1; a reflection mrror for reflecting one of the 3
embodiment of the present invention; and

Fig. 7 sets forth a schematic perspective view of a head-
mounted display apparatus in accordance with the fourth

preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiment

There are shown in Figs. 2 to 7 various views of the
head-mounted display apparatus of the present invention,
wherein like reference numerals represent same components.

There are respectively shown in Figs.- 2 and 3 a schematic
diagram and a schematic perspective view of a head-mounted
display épparatus in accordance with a preferred embodiment of
the present invention. The head-mounted display apparatus of
the first preferred embodiment comprises an'image display
device 11, e.g., a liquid crystal display or cathode ray tube,
a beam splitter 12 for partially transmitting and partially
reflecting light from +the 1image display device 11, a
reflection mirror 13, and a first and a secondlmagnifying
lenses 14, 15.

The image dispiay device 11, disposed in front of, e.g.,
a right eye 16 of an observer, is connected to a video signal
source (not shown) such as a personal computer, a video
cassette recorde;, a laser disc player etc., and displays
iﬁages on the basis of Video signals therefrom.

The béam splitter 12, disposed between the image display



i ght beans split by the beamsplitter; a first and a second half mrrors
for reflecting the other light beamsplit by the splitting neans and the
| i ght beamreflected by the reflection mrror, respectively; a first
and a second concave reflection mrrors for reflecting the |light beans from
the first and the second half mrrors to_one eye and the other eye of an
observer, respectively; and a first and 2 second shutter gl asses di sposed
between the first half mrror and one eye of the observer and between the
second hal f rAeYbeeadd tardotthe &jehsf ey d6serraftigblpedmapamitsphapdi n
the i mage di splay, device alternately displays right-eye and | eft-eye inages
phot ogr aphed B35l 1Y srehtechy) de Liaht feom the amgdendisedarddeNaceed

gl asses, Syn?ﬁéogéésgrggég é?elrLQQE‘%ﬂ%£§ﬂ§tJSiﬂéﬂfﬁ&“%% into two light

beams. One of the 1light beams is led through the beam
splitter 12 to the right eye 16 and the other is led to the
reflection mirror 13 disposed in fronﬁ of a left eye 17 of the
observer, and is, then, totally reflected by the reflecéion
mirror 13 to the left eye 17.

The first and the second magnifying lenses 14, 15 are
respectively disposed between the beam splitter 12 and the
right eye 16 and between the reflection mirror 13 and the left
eye 17, thereby enabling the observer to see enlarged virtual
image formed at a certain distance from the eyes 16, 17.

The head-mounted display apparatus of the present
invention can also provide a stereoscopic vision by displaying
images on the image display device on the basis of the
principle of binocular parallax.

There are shown in Figs. 4 and 5 a schematic diagram and
a schematic perspective view of a head-mounted display
apparatus in accordance with another preferred embodiment of
the present invention, respectivély, which provides a .
stereoscopic vision. The head-mounted display apparatus of
the second preferred embodiment, as compared with the first,
further comprises a first and a second shutter glasses 25, 26
disposed between the first magnifying lens 14 and the right

eye 16 and between the second magnifying lens 15 and the left



I mages <di spl ayed on the image di spl ay device, becone alternately clear and
cloudy so that the observer is able to see three dinensional images. Brief
Description of the Drawi ngs The above and other objects and features of the
present invention will becone apparent fromthe follow ng description of
preferred enbodi nents taken in conjunctiqgn with the acconpanyi ng draw ngs,
in which: Fig. 1 shows a schematic di agr of a conventional head- nounted
di spl ay appar at us; a . . . .

eye 17, wherein the image display device 11 alternately
displays right-eye and left-eye images photographed from two
different directions or angles.

The first and the second shutter glasses 25, 26,
synchronized with the 'right—eye and the left-eye images
displayed on the image display device 11, become alternately
clear and cloudy so that the observer is able to see three
dimensional images. The first and the second shutter glasses
25, 26 are made of a liquid crystal material, as disclosed in
detail in U.S. Pat. Nos. 4,907,860 and 5,539,423, which are
incorporated herein by reference.

Furthermore, there is shown in Fig. 6 a schematic
perspective view of a head-mounted display apparatus in
accordance with further another preferred embodiment of the
present invention. The head-mounted display apparatus of the
third preferred embodiment comprises an image display device
11, a beam splitter 12 for partially transmitting and
partially reflecting.the light from the image display device
11, a reflection mirror 13, a first and a second half mirrors
19, 20 and a first and a second concave reflection mirrors 21,
22.

The image'display device 11 is dispbéed on the frontal
and upper side of the right eye 16 of the oﬁserver, and the
beam splitter.lz is positioned thereunder. Furthermore, the

reflection mirror 13 is disposed, on the same level as that of

the beam splitter,-on the left side of the observer.:



Figs: 2 and 3 illustrate a schematic diagramand a schematic perspective

vi ew of a head-nmounted di splay apparatus in accordance with a preferred
enbodi ment of the present invention, respectively; Figs. 4 and 5 illustrate
a schematic diagram and a schematic perspective view of a head-nmounted

di spl ay apparatus in accordance with the third preferred enbodi rent of the
present invention, respectively; Fig. 6 Jets forth a schematic perspective
vi ew of a head- nounted display apparatus in accordance w th anot her
preferred 4 The first and the second half mirrors 19, 20 are

positioned under the beam splitter 12 and the reflection
mirror 13, corresponding to the right and the left eyes 16,
17, respectively. The first and the second concave reflection
mirfors 21, 22 are disposed on the reflection side of the half
mlrrors 19, 20. |

 The beam splitter 12 partially transmits and partially
reflects the 1light from the image display device 11 in
proportion of 1 : 1. The first half mirror 19 partially
reflects the light from the beam splitter 12 to the concave
reflection mirror 21, and the light from the first concave
reflection mirror 21 is transmitted through the half mirror 19
to the right eye 16.

‘On the other hand, the reflection mirror 13 totally
reflects the light reflected by the beam splitter 12 to the
second half mirror 20. The second half mirror 20 partially
reflects the light from the reflection mirror 13, and the
light from the secohd concave reflection mirror 22 is, then,
transmitted through the second half mirror 20 to the left eye
17.

Furthermore, there is shown in Fig. 7 a schematic diagram
of a head-mounted display apparatus in accordance with the
fourth preferred embodiment of the present invention, which
provides a stereoscopic vision. The head-mounted display
apparatus of the fourth preferre& embodiment, as compared to

the third, further comprises the first and the second shutter



embodi ment of the present i nvention; and Fig. 7 sets forth a schematic
perspective view of a head- nounted di splay apparatus in accordance with
the fourth preferred enbodi nent of the present invention. Detailed
Description of the Preferred Enbodi nent There are shown in Figs. 2 to 7
various views of the head-nounted di splay apparatus of the present
i nvention, wherein |like reference nunmeral® represent same conponents. There
are respectively showmn in Figs.- 2 and 3 a schematic diagram and a
schemati ¢ perghasses2¥j e6 ofispbeed- between thepfiystphbalét miricer 19 and
accordance with a preferred enbodi ment of the present invention. The
head- nount ed &the pightagye d6uendf behweenrthe p3etend dvr dhiidinamt2 & emgl thes
an i mage di spl ay device 11, e.qg., a lLiquid crystal display or cathode ray
t ube, left eye 17, and the image display device 11 alternately
displays right-eye and left-eye images photographed from two
different directions or angles.

The £first and the second shutter glasses 25, 26,
synchronized with the right-eye and the left-eye images
displayed on the image display device 11, become alternately
clear and cloudy so that the observer is able to see three
dimensional images.

In such head-mounted display apparatuses of the present
invention, since only one'image display device is required,
the weight thereof is decreased, thereby reducing the burden
on the observer’s head. In addition, the circuit for
transmitting the video signals to the image display device is
much more simpler.

Although the invention has been shown and described with
respect to the preferred embodiments, it will be understood by
those skilled in the art that various changes and

modifications may be made without departing from the spirit

and scope of the invention as defined in the following claims.



a beam.splitter 12 for partlally transmtting and partially reflecting
Ilght fromthe image device 11, a reflection mrror 13, and a first

and a sec
di sposed i

“mm ses 14, 15. The imge display device 11,
’ '”m . a right eye 16 of an observer, is connected to

a vi deo sighal® sduree

shown) such as a personal conputer, a video

cassette recorder, a laser disc player ete., and di spl ays i mages on the
basi s of video S|gnals therefrom The bean1splltter 12, di sposed between
the i mage di Spraty is Glaimed is:

1. A head-mounted display apparatus comprising:

an image display device for displaying images;

means for splitting light from the image display device
into two light beams, one of the light beams being led to one
eye of an observer; .

a reflection mirror for reflecting the other light beam
split by the light splitting means to the other eye of the
observer; and

a first and a second magnifying lenses disposed between
the beam splitter and one eye of the observer and between the
reflection mirror and the other eye of the  observer,

respectively.

2. The apparatus of claim 1, wherein the light splitting
means is a beam splitter partially transmitting and partially

reflecting the light from the image display device.

3. The apparatus of claim 1, further comprising a first and
a second shutter glasses disposed between the first magnifying
lens and one eye of the observer and between the second
magnifying lens and the other eye of the observer,
respectively, wherein the image display device alternately
displays right-eye and left-eye images photographed from

different angles, and the first and the second shutter



device 11 and the right—eye 16, partially transmts and partially reflects
the light fromthe i nage display device 11 in proportion of 1 : 1, thereby
spli tgmryﬂlullmtl‘IEM i ght beans. One of the light beans is |ed through
the b t the right eye 16 and the other is led to the
reflectforf m'rr&r 13 di sposed in front of a left eye 17 of the observer,
and is, then, totally reflected by the r¥lection nmirror 13 to the left eye
17. The first and the second magnifying | enses 14, 15 are respectively

. di sposed bet vgbassée, hegmchpontized MPitindthee rigit-aye afdarthéecleftreyee
reflection mrror 13 and the |left eye 17, thereby enabling the observer to
see enl arged inagesl diepdayednednat thecerimage didksmiay f réeviae, eybscoge

17. The head-npunt ed di splay apparatus of the present .
alternately cléear and cloudy so that the observer is able to

see three dimensional images.

4. The apparatus of claim 3, wherein the first and the

second shutter glasses are made of a liquid crystal material.

5. A head-mounted display apparatus compriéing:

an image display device for displaying images;

means for splitting light from the image display device
into two light beams;

a reflection mirror for reflecting one of the light beams
split by the light splitting means;

a first and a second half mirrors for reflecting the
other light beam éplit by the splitting means and.the light
beam reflected by the reflection mirror, respectively; and

a first and a second concave reflection mirrors for
reflecting the light beams from the first and the second half
mirrors to one eye and the cher eye of. an observer,

respectively.

6. The apparatus of claim 5, wherein the light splitting
means is a beam splitter partially transmitting and partially

reflecting the light from the image display device.

- This Sheet Has Been Re[iléced

WAL




I nventi:on can al so provide a stereoscopic vision by displaying i mages on
t he inag*“ﬂl ﬂunll ﬂulﬂﬂan the basis of the principle of binocular
paral | ax!'8 " 4 in Figs. 4 and 5 a schematic diagram and a

schemati c perspeéctive view of a head-nounted di splay apparatus in :
accordance with another preferred embodi #nt of the present invention,
respectively, which provides a stereoscopic vision. The head- nount ed

di spl ay apparatus of the second preferred enbodi nent, as conpared with the
first, furthey. conpiiéSsfsp@rdtistonnsl i er,0rmhrher dongrdssiany 26 £i2Gt and

di sposed between the first nmagnifying lens 14 and the right eye 16 and

bet ween t he saceedomdgnshiytber| ginsEesandispeskdf tbetween the first half
mirror and one eyé of the observer and between the second half
mirror and the other eye of the observer, respectively,
wherein the image display device alternatély displays right-
eye and left-eye images photographed from different angles,
and the first and the second shutter glasses, synchronized
with the right-eye and the left-eye images displayed on the

image display device, become alternately clear and cloudy so

that the observer is able to see three dimensional images.

8. The apparatus of claim -7, wherein the first and the

second shutter glasses are made of a liquid crystal material.

\
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6 eye X7, wherein the image display device 11 alternately displays
right-eye and |l eft-eye i mages photographed fromtwo different directions or
angles. The first and the second shutter glasses 25, 26, synchronized with
the right-eye and the left-eye inages di splayed on the inmage di splay device

11, becone alternately clear and cloudy so that the observer

is able to see

t hree di nensional images. The first and Ime second shutter gl asses 25, 26
are made of a liquid crys ]gak éﬁﬁxéﬁ getail in U S Pat.
Nos. 4,907,860 and 5, 539, éﬁﬂlare |ncorpora e 1ﬁére|n by reference.

Furt her nore,

there is siWERH i FINGLE EMAGH PESRIAY DEVICE

ABSTRACT

A head-mounted display apparatus comprises an image
display device, a beam splitter for partially transmitting and
partially.reflecting light from the image display device, a
reflection mirror, and a first and a second maghifying lenses.
The image display device is disposed in front of a right eye
of an observer and displays images on the basis of video
signals from a wvideo sighal source. The beam 'spl'ittér,
disposed between the image display device and the right eye,
splits the light from the image display device into two light
beams. The reflection mirror, disposed in front of a left
eye, reflects the light from the beam splitter to the left
eye. The first and thé::éeEond magnifying lenses are
respectively disposed between the beam splitter and the right
eye and between the reflection mirror and the left eye,
thereby enabling the observer to see enlarged virtual image
formed at a certain distance from the eyes. The head-mounted
display appafétus of the present invention can also provide a
stereoscopic vision by displaying images on the image display

device on the basis of the'principle of binocular parallax.

Fig. 3



perspective view of a head-nounted di splay apparatus in accordance with
further another preferred enbodi nent of the present invention. The

head- nount ed di spl ay apparatus of the third preferred enbodi ment conprises
an i mage di splay device 11, a beamsplitter 12 for partially transmtting
and partially reflecting the Iight fromthe i nage display device 11, a
reflection mrror 13, a first and a secqond half mrrors 19, 20 and a first
and a second concave reflection nirrorsliﬁ 22. The inmage display device 11
is disposed on the frontal and upper side of the right eye 16 of the
observer, and the beamsplitter 12 is positioned thereunder. Furthernore,
the reflection mrror 13 is disposed, on the sane |evel as that of the beam
splitter, on the left side of the observer.

FIG. 1
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7 The first-and the second half mrrors 19, 20 are positioned under the
beam splitter 12 and the reflection mrror 13, corresponding to the right
and the left eyes 16, 17, respectively. The first and the second concave
reflection mrrors 21, 22 are disposed on the reflection side of the half
mrrors 19, 20. The beamsplitter 12 partially transmts and partially
reflects the light fromthe i mage di spl 3f6édevice 11 in proportion of 1 :
The first half mrror 19 partially reflects the light fromthe beam
splitter 12 to the concave

FIG.3

1.



reflection mrror 21, and the light fromthe first concave reflection
m'rror 21 is transnitted through the half nmirror 19 to the right eye 16. On
the other hand, the reflection mrror 13 totally reflects the |ight

refl ected by the beamsplitter 12 to the second half mirror 20. The second
half mrror 20 partially reflects the light fromthe reflection mrror 13,
and the light fromthe second concave rgflgection mrror 22 is, then,
transmtted through the second half nlrror 20 to the left eye 17.
Furthernore, there is shown in Fig. 7 a schematic di agram of a head- nount ed
di spl ay apparatus in accordance with the fourth preferred enbodi nent of the
present invention, which provides a stereoscopic vision. The head- nount ed
di spl ay

FIG.A4
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apparatus of the fourth preferred enbodi nent, as conpared to the third,
further conprises the first and the second shutter 8 gl asses 25, 26

di sposed between the first half mrror 19 and the right eye 16 and between
the second half mrror 20 and the left eye 17, and the inmage display device
11 alternately displays right-eye and | eft-eye images phot ographed fromtwo
different directions or angles. The first/éand the second shutter gl asses
25, 26, synchronized with the right-eye and the |eft-eye inages displayed
on the imge display device 11, becone alternately

- FIG.5




clear and cloudy so that the observer is able to see three dinensional

i rages. | n such head-nounted display apparatuses of the present invention,
since only one inage display device is required, the weight thereof is
decreased, thereby reducing the burden on the observer's head. In
addition, the <circuit for transnittirgythe video signals to the i mge
di splay device is nuch nore sinpler. At dﬁgh the i nvention has been shown
and described with respect to the preferred enbodinents, it will be
understood by those skilled in the art that various changes and

nodi fications may be made wi thout departing fromthe spirit and scope of
the invention as defined in the follow ng clains.

FIG. 6




9 What:is clainmed is: 1. A head-nount ed di spl ay apparatus conprising: an
i mage di splay device for displaying images; neans for splitting light from
the i mage display device into two |ight beans, one of the |ight heans being
|l ed to one eye of an observer; a reflection mrror for reflecting the other
i ght beamsplit by the Iight splitting neans to the other eye of the
observer; and a first and a second magniﬁf/ﬁ ng | enses di sposed between the
beam splitter and one eye of the observer and between the '

FIG.7
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}eflectlon merror-and the other eye of the observer, res
apparatus of claim 1, wherein the light splitting means ifs [a beams I|tter
partially transmtting and partially reflecting the light]f olnfltl%ﬁ
di spl ay device. 3. The apparatus of claim1, further c
and a second shutter gl asses di sposed between the first
one eye of the observer and between the second magnifyin
other eye of +the observer, respectively, wherein the inmage display
device alternately displays rlght eye and | eft-eye inages photographed from
different Sadrdy, heavy, thaking dit duwrdemsomscoonghehobserver’s head. 1In

addition, there exists a complicated circuit for transmitting

the video signals to the individual image display device.

Summary of the Invention

It is, therefore, a primary object of the invention to
proﬁide a2 head-mounted display apparatus having a reduced.
weight and a simplified circuit by incorporating therein a
single image display device.

In accordance with an aspect of the present invention,
there is prbvided a head-mounted display apparatus comprising:
an image display device for displaying images; means for
splitting light from the image display device into two light
beams, one of the ligh£ beams being led to one eye of an
observer; a reflection mirror for reflecting the othef light
beam split by the light splitting means to the other eye of
the observer; and a first and a second magnifying lenses
disposed between the beam splitter and one eye of the observer
and between the reflection mirror and the other eye,
respectively.

In accordance with another' aspect of the present
invention, there is-pfovided a head-mounted display apparatus
.comprising: anhimage display device for displaying images;

a beam splitter partially transmitting and partially
reflecting the light from the image display device in
proportion of substantially 1:1; a reflection mirror for

reflecting one of the



» REPLACEMENT SHEET 10 gl asses, synchronized with the r

| eft-eye i mages displayed on the i mage di splay device,

clear and cloudy so that the observer is able to see
| mages. 4. The apparatus of claim3, wherein the fi

shutter glasses are made of a liquid crystal materi al

di spl ay apparatus conprising: an inage di splay device
i mges; a beamsplitter partially transmtting and pa
l'ight fromthe inmge dISp|ay device in proportion of

I gh
bé¢

t hr ¢e dlnen

rst and % M@ﬁdﬂﬁ&
5. A head nount.

__ET

d

ford "di spl ayi ng

rtidlly reflectirg—t

g
substantlally 1:1;

light beams split by the beam sp 1tter, a first and a

second half mirrors for reflecting the other light beam split
by the splitting means and the light beam reflected by the
reflectioh mirror, respectively; . a first and a second
concave reflection mirrors for reflecting the light beams from
the first and the second half mirrors to one eye and the other

eye of an observer, respectiﬁely; and

a first and a second shutter glasses disposed between the
first half mirror and one eye of the observer and between
the second half mirror and the other eye of the observer,
respectively, wherein the image display device alternately
displays right-eye and left-eye images photogréphed from
different angles, and the first and the second shutter
glasses, synchronized with the right-eye and the left-eye
images displayed on the image display device, become
alternately clear and cloudy so that the observer is able

to see three dimensional images.
Brief Description of the Drawings

The apre and other objects and features of the present
invention will become apparent from the following description
of preferred embodiments taken in conjunction with the
accompanying drawings, in which:

Fig. 1 shows a schematic diagram of ‘a conventional head-

mounted display apparatus;

CTl
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"a reflection.mrror for reflecting one of the Iight beans split by the beam

splitter; a first and a second half mrrors for reflectifﬂﬁ—(—he—ar_he.r_u_g,hr
beam split by the beamsplitter and the |ight beam refl_«,E BEADEMENQ' SHEET
reflection mrror, respectively; a first  and a second cpn¢a ' _
mrrors for reflecting the light beanms fromthe first apdjt al f
mrrors to one eye and the other eye of an observer, re;pacaieﬁlzgﬁgfgﬂal{]
first and a second shutter gl asses di sposed between the} fewsthalf njrrior
and one eye of the observer and between the second halfgmrror and the

.other eye of the observer, respectively, wherein the inagE-trsptay—eev-co
alternately displays right-eye and | et eye i mages

Figs. 2 and 3 illustrate a schematic diagram and a
schematic perséective view of a head-mounted display apparatus
in accordance with a preferred embodiment of the present
invention, respectively; | |

Figs. 4 and 5 illustrate a schematic diagram and a
schematic perspective view of a head-mounted display apparatus
in accordance with the third .prefefred embodiment of the
present invention, respect'ive-ly; |

Fig. 6 sets forth a schematic perspective view of a head-

mounted display apparatus in accordance with another preferred
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shutter glasses are nmade of a liquid crystal materi al
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glasses, synchronized with the right-eye and the left-eye.
‘images displeyed on the image display device, become
alternately clear and cloudy so that the observer is able to

see three dimensional images.

4. The apparatus of claim 3, wherein the first and the

second shutter glasses are made of a liquid crystal material.

5. A head-mounted display apparatus comprising:

an image display device for displaying images;

a beam splitter partially transmitting and partially

reflecting the light from the image display device 1n

proportion of substantially 1: 1

a reflection.mirror-for_feflecting“ene of the light beams

split by the beam splitter;

a first and a second half mirrors for reflecting the

other light beam split by the beam splitter and the light

beam reflected by the reflection mirror, respectively;

a first and a second concave reflection mirrors for
reflecting the light beams from the first and the second half
mirrors to one eye and the other eye ofe an observer,

respectively and

a first and a second shutter glasses disposed between
the first half mirror'and one eye of the observer and
between the second half mirror and the other eye of the
observer, respectively, wherein the image display device

alternately displays right-eye and left-eye images
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photographed from different angies, and the first and the
second shutter glasses,-syhchronized with the right-eye and
the left;eye images displayed on the image display device,
bedome alternately clear and cloudy so thaﬁ the observer is

able to see three dimensional images.

6. The apparatus of claim 5, wherein the first and the

second shutter glasses are made of a liquid crystal materialf



