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(54) HEAD-MOUNTED DISPLAY

(57) Provided is a head-mounted display capable of
making an adjustment as to a position within a field of
view an image is to be projected with precision and high
degree of freedom and, after a moving operation of a
display unit in order to move an image out of the field of
view, easily moving the display unit back to the original
position with high accuracy. The head-mounted display
1 includes an image display device 11 displaying an im-
age, a mounting member 8 that is fixed to a head of a
user, a first ball joint capable of moving and holding a
position of the image display device 11 relative to the
mounting member 8 and a second ball joint. The first ball
joint 2 can move the position of the image display device
11 relative to the mounting member 8 with a first degree
of freedom or a third degree of freedom smaller than the
first degree of freedom. A socket 22 can selectively
change a degree of freedom of the first ball joint 2 be-
tween the first degree of freedom and the third degree
of freedom.
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Description

[Technical Field]

[0001] The present disclosure relates to a head-
mounted display.

[Background Art]

[0002] Conventionally, a head-mounted display (here-
inafter, referred to as an "HMD") has been known as a
display device that is mounted on a head of a user. A
method in which an image is projected on a part of the
user’s field of view has been proposed as a display meth-
od of the HMD. In the HMD of such a display method, it
is desirable that a position within the field of view an image
is to be projected is freely adjustable by the user. A shape
of the head and positions of eyes of the user are different
from each other for each user. Thus, it is desirable that
the HMD is allowed to be adjusted about a position within
the field of view an image is to be projected with precision
and a high degree of freedom. In contrast thereto, Patent
Document 1 discloses a head-mounted display device
that is capable of adjusting a position of a display unit by
using two coupling mechanisms each having 3 degrees
of freedom.

[Prior Art Document]

[Patent Document]

[0003] [Patent Document 1] Japanese Patent Applica-
tion Laid-Open Publication No. 2004-80679

[Summary of Invention]

[Problems to be Solved by Invention]

[0004] In some cases, an image in a real field of view
is more required for a user than an image to be projected
on a part of the field of view. In such cases, the user
performs an operation of moving a display unit to tem-
porarily move an image from the inside to the outside of
the field of view. For the above-described head-mounted
display device, the user can move an image to the outside
of the field of view by widely moving the two coupling
mechanisms to move the moving unit. However, for the
head-mounted display device disclosed in Patent Docu-
ment 1, each coupling mechanism has 3 degrees of free-
dom, for example. This provides the display unit with 6
degrees of freedom. As such, in the case that an opera-
tion of moving the display unit to move an image to the
outside of the field of view is performed, moving the dis-
play unit back to the original position with high precision
in order to return the image to the original position within
the field of view may take time equivalent to time required
when the position of the display unit is first adjusted. Gen-
erally, there is a trade-off relationship between the high

degree of freedom upon adjustment of the coupling
mechanisms and an ease of moving the display unit that
has temporarily been retracted back to the original posi-
tion, and thus, both of them were not compatible in the
prior art.
[0005] The object of the present disclosure is to provide
a head-mounted display that is capable of making ad-
justments as to a position within the field of view an image
is to be projected with precision and a high degree of
freedom and that is capable of, after a moving operation
of the display unit in order to move an image to the outside
of the field of view, easily moving the display unit back
to the original position with high accuracy.

[Means for Solving Problems]

[0006] An head-mounted display according to the
present disclosure is a head-mounted display compris-
ing: a display unit that displays an image; a fixed unit that
is to be fixed on a head of a user; an adjustment unit that
is able to move and hold a position of the display unit
relative to the fixed unit, the adjustment unit being pro-
vided with a first adjustment unit that is able to move a
position of the display unit relative to the fixed unit with
a first degree of freedom or a third degree of freedom
smaller than the first degree of freedom and then hold
the position of the display unit, and with a second adjust-
ment unit that is able to move a position of the display
unit relative to the fixed unit with a second degree of
freedom and then hold the position of the display unit;
and a degree-of-freedom changing unit that is able to
selectively change a degree of freedom of the first ad-
justment unit between the first degree of freedom and
the third degree of freedom.
[0007] The head-mounted display according to the
present disclosure comprises the adjustment unit provid-
ed with the first adjustment unit and the second adjust-
ment unit. This allows the display unit to be adjusted with
precision and a high degree of freedom. Also, an adjust-
ment for temporarily moving the display unit in order to
move an image out of the field of view and then moving
the display unit back to the original position, for example,
can be performed by changing the degree of freedom of
the first adjustment unit from the first degree of freedom
to the third degree of freedom by the degree-of-freedom
changing unit and by using the first adjustment unit that
is allowed to move the display unit with the third degree
of freedom. Here, since the third degree of freedom is
smaller than the first degree of freedom, the user can
move the display unit back to the original position easily
and appropriately. This allows the display unit to be ad-
justed with a high degree of freedom, and to easily move
the display unit that has temporarily been moved back
to the original position since the degree of freedom of the
first adjustment unit can selectively be changed to the
first degree of freedom or the third degree of freedom by
the degree-of-freedom changing unit.
[0008] The third degree of freedom described above
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indicates "1 degree of freedom" or more, and does not
include "0 degree of freedom". The reason is that assum-
ing that the third degree of freedom includes "0 degree
of freedom", the display unit cannot be moved by using
the first adjustment unit that is changed to have the third
degree of freedom ("0 degree of freedom"), and whereby,
an adjustment for moving the display unit back to the
original position cannot also be performed by the first
adjustment unit that is changed to have the third degree
of freedom. Thus, the third degree of freedom is required
to be "1 degree of freedom" or more at minimum.
[0009] In the present disclosure, the number of trans-
lational or rotatable axes of the third degree of freedom
may be smaller than that of the first degree of freedom.
In this case, in the head-mounted display, by using the
first adjustment unit that is changed to have the third de-
gree of freedom being smaller in the number of transla-
tional or rotatable axes, the display unit can be moved
back to the original position more easily and appropriate-
ly.
[0010] In the present disclosure, a translational or ro-
tatable range of the third degree of freedom may be small-
er than that of the first degree of freedom. In this case,
in the head-mounted display, by using the first adjust-
ment unit that is changed to have the third degree of
freedom being smaller in a translational or rotatable
range, the display unit can be moved back to the original
position more easily and appropriately.
[0011] In the present disclosure, the number of posi-
tions where translation or rotation is stoppable for the
third degree of freedom may be smaller than that for the
first degree of freedom. In this case, in the head-mounted
display, by using the first adjustment unit that is changed
to have the third degree of freedom being smaller in the
number of positions where translation or rotation can be
stopped, the display unit can be moved back to the orig-
inal position more easily and appropriately.
[0012] In the present disclosure, the first adjustment
unit may include: a guide member; a moving member
that is brought into contact with the guide member and
is slidable in a predetermined direction; and a pressing
member that presses the moving member against the
guide member and brings the moving member into con-
tact with the guide member, wherein the degree-of-free-
dom changing unit may include a restriction member that
is able to restrict movement of the pressing member rel-
ative to the guide member, and the restriction member
may impose a restriction such that a position of the press-
ing member relative to the guide member is movable in
the predetermined direction in a state that the degree of
freedom of the first adjustment unit is the first degree of
freedom, and that a position of the pressing member rel-
ative to the guide member is fixed in a state that the de-
gree of freedom of the first adjustment unit is the third
degree of freedom. In this case, in the head-mounted
display, by switching between the state that the position
of the pressing member relative to the guide member is
movable and the state that the position of the pressing

member relative to the guide member is restricted by the
restriction member, the degree of freedom of the move-
ment of the moving member can appropriately be
changed.
[0013] In the present disclosure, a first frictional force
between the restriction member and the pressing mem-
ber may be larger than a second frictional force between
the moving member, and the guide member and the
pressing member in a state that the degree of freedom
of the first adjustment unit is changed to the third degree
of freedom by the degree-of-freedom changing unit. In
this case, in the head-mounted display, by fixing the po-
sition of the pressing member relative to the guide mem-
ber, the degree of freedom of the first adjustment unit
can be changed to the third degree of freedom being
smaller than the first degree of freedom.
[0014] In the present disclosure, a range in which the
moving member is relatively movable relative to the guide
member may be larger than a range in which the moving
member is relatively movable relative to the pressing
member. In this case, in the head-mounted display, a
movable range of the moving member in the first adjust-
ment unit that is changed to have the first degree of free-
dom can be made larger than a movable range of the
moving member in the first adjustment unit that is
changed to have the third degree of freedom.
[0015] In the present disclosure, the number of posi-
tions where the moving member is relatively movable
and stoppable relative to the guide member may be larger
than the number of positions where the moving member
is relatively movable and stoppable relative to the press-
ing member. In this case, in the head-mounted display,
the number of positions where the moving member is
stoppable in the first adjustment unit that is changed to
have the first degree of freedom can be made larger than
the number of positions where the moving member is
stoppable in the first adjustment unit that is changed to
have the third degree of freedom.
[0016] In the present disclosure, the first adjustment
unit may move, in addition to the display unit, a position
of the second adjustment unit relative to the fixed unit
with the first degree of freedom or the third degree of
freedom. In this case, by changing the degree of freedom
of the first adjustment unit that is positioned nearer to the
fixed unit to the third degree of freedom, an adjustment
for moving the display unit in order to temporarily move
an image out of the field of view and then moving the
display unit back to the original position can be performed
without moving the second adjustment unit.
[0017] In the present disclosure, the third degree of
freedom may be smaller than the second degree of free-
dom. In this case, in the head-mounted display, an ad-
justment as to a position within the field of view an image
is to be displayed by the display unit, for example, is
performed by using the second adjustment unit that
moves the display unit with the second degree of free-
dom. Here, the second degree of freedom is larger than
the third degree of freedom. This allows a user to adjust
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a position of the display unit with precision and a high
degree of freedom.
[0018] In the present disclosure, the first adjustment
unit may be a ball joint. In this case, in the head-mounted
display, the degree of freedom of the ball joint can be
easily changed by the degree-of-freedom changing unit.

[Brief Description of Drawings]

[0019]

FIG. 1 is a front view of an HMD 1.
FIG. 2 is a right side view of the HMD 1.
FIG. 3 is a plan view of the HMD 1.
FIG. 4 is a front view of a connector 9.
FIG. 5 is an exploded perspective view of the con-
nector 9, a first ball joint 2 and a connection member
7.
FIG. 6 is a perspective view of the first ball joint 2
(with a socket 22).
FIG. 7 is a perspective view of the first ball joint 2
(without the socket 22).
FIG. 8 is a cross-sectional view taken along line A-
A in a direction denoted by an arrow in FIG. 4.
FIG. 9 is a perspective view of a second ball joint 3
(with the socket 22).
FIG. 10 is a perspective view of the second ball joint
3 (without the socket 22).
FIG. 11 is a cross-sectional view taken along line B-
B in a direction denoted by an arrow in FIG. 3.
FIG. 12 is a perspective view of a first ball joint 51 in
a first modified example.
FIG. 13 is a perspective view of a first ball joint 52 in
a second modified example.
FIG. 14 is a perspective view of a first ball joint 53 in
a third modified example.

[Mode for Carrying out Invention]

[0020] Hereinafter, an embodiment of the present dis-
closure will be described with reference to the accompa-
nying drawings. As illustrated in FIG. 1, a head-mounted
display (hereinafter, referred to as an "HMD") 1 is an
optical transmission type see-through HMD. The HMD 1
comprises a mounting member 8, a connector 9 and an
image display device 11. Light of a landscape in front of
eyes of a user is transmitted through a half mirror 14 of
the liquid crystal device 11 and is directly guided to the
eye of the user. A projection type of the HMD 1 is a virtual
image projection type. The half mirror 14 reflects light of
an image which is displayed on a liquid crystal panel ac-
commodated in the image display device 11 toward one
eye of the user. The HMD 1 allows the user to recognize
an image in a state in which the image overlaps the land-
scape in front of the eyes.
[0021] Hereinafter, an upper side, a lower side, a left
side, a right side, a front side and a rear side of the HMD
1 will be defined for easy understanding of the drawings.

The front side, the rear side, the left side and the right
side of the HMD 1 respectively correspond to the upper
side, the lower side, the right side and the left side in FIG.
3, for example. The upper side and the lower side of the
HMD 1 correspond to the upper side and the lower side
in FIG. 2, for example. The upper side, the lower side,
the left side, the right side, the front side and the rear
side of the HMD 1 respectively correspond to an upper
side, a lower side, a right side, a left side, a front side
and a rear side for a user on which the mounting member
8 is mounted.

<Mounting member 8>

[0022] As illustrated in FIG. 1 to FIG. 3, the mounting
member 8 is made of a flexible material such as resin or
metal (for example, stainless steel). The mounting mem-
ber 8 is provided with a first part 81 and second parts 82
and 83. Hereinafter, description will be given by dividing
the mounting member 8 into the first part 81 and the sec-
ond parts 82 and 83 for convenience in understanding.
The mounting member 8 is actually a single member as
a whole without being divided into separate parts such
as the first part 81 and the second parts 82 and 83.
[0023] The first part 81 and the second parts 82 and
83 are elongated plate-shaped members that are curved.
The first part 81 is a part extending between a position
8A and a position 8B of the mounting member 8 in a right
and left direction. The first part 81 is curved forward in a
convex shape. The position 8A is located on the left side
with respect to the center 84 in the right and left direction
of the mounting member 8. The position 8B is located on
the right side with respect to the center 84 in the right
and left direction of the mounting member 8. The second
part 82 is a part extending rearward from the position 8A
of the mounting member 8. The second part 83 is a part
extending rearward from the position 8B of the mounting
member 8. The second parts 82 and 83 extend in such
directions as to be closer to each other at rear ends there-
of. The mounting member 8 is mounted on a head of a
user in a state in which the first part 81, the second parts
82 and 83 are brought into contacted with the front head
region, the right side head region and the left side head
region of the user, respectively. In this state, the first part
81 extends in the right and left direction along the fore-
head of the user. Hereafter, an area enclosed by the first
part 81 and the second parts 82 and 83 of the mounting
member 8 may be called "the inside of the mounting
member 8" while a side opposite to the inside of the
mounting member 8 may be called "the outside of the
mounting member 8".
[0024] As illustrated in FIG. 1, the first part 81 is pro-
vided with a hole 81A penetrating from the outside to the
inside at the front of the position 8A. The first part 81 is
provided with a hole (not illustrated) penetrating from the
outside to the inside at the front of the position 8B. A
connection member 7 described later is connected to
such a position as to overlap the hole not illustrated. The
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connection member 7 may be connected to such a po-
sition as to overlap the hole 81A.

<Connector 9>

[0025] As illustrated in FIG. 4, the connector 9 is sub-
stantially a rod shape. The connector 9 is made of resin,
metal, or the like. The connector 9 extends in an upper
and lower direction when viewed from the front. More
specifically, as illustrated in FIG. 2, the connector 9 ex-
tends such that a lower end of the connector 9 is inclined
forward with respect to the upper and lower direction.
The connector 9 includes a space inside thereof. As il-
lustrated in FIG. 5, the connector 9 includes a first mem-
ber 9A and a second member 9B. The space inside the
connector 9 is defined by covering an opening at the right
of the first member 9A with the second member 9B. The
first member 9A is provided with two circular holes 90A
that penetrate therethrough in the right and left direction.
The second member 9B is provided with two cylindrical
protruding portions 90B that protrude leftward. The sec-
ond member 9B is fixed to the first member 9A by fitting
each protruding portion 90B into each hole 90A.
[0026] As illustrated in FIG. 1, an upper end of the con-
nector 9 is connected with the mounting member 8
through a first ball joint 2 and the connection member 7
that are described later. As illustrated in FIG. 2 and FIG.
3, the lower end of the connector 9 is connected with the
image display device 11 through a second ball joint 3 and
a connection member 6 that are described later. The im-
age display device 11 is attached with the mounting mem-
ber 8 by the connector 9. The connector 9 holds the image
display device 11 at a position spaced from the mounting
member 8. The connector 9 can dispose the half mirror
14 of the display casing 11 in front of a left eye of a user
in a state in which the mounting member 8 is mounted
on a head of the user.

<Image display device 11>

[0027] As illustrated in FIG. 1 to FIG. 3, the image dis-
play device 11 includes a casing 12. The casing 12 has
an approximately rectangular parallelepiped shape with
curved corners. The casing 12 has a hollow box shape.
A left side of the casing 12 is opened. A left side of a lens
unit accommodated in the casing 12 is exposed. At an
opening of the casing 12, the half mirror 14 is provided.
As illustrated in FIG 3, the connection member 6 de-
scribed later is connected to a rear surface of the casing
12. The casing 12 accommodates the lens unit, a focus
adjustment mechanism and a liquid crystal unit therein.
The half mirror 14, the lens unit and the liquid crystal unit
are arranged from the left side to right side in this order.
The focus adjustment mechanism includes an operation
member 15. The operation member 15 is provided on a
front surface of the casing 12.
[0028] The liquid crystal unit emits an image light by
displaying an image. In the present disclosure, a two-

dimensional display device such as a digital mirror device
(DMD) and an organic electroluminescence (EL) may be
used instead of the liquid crystal unit. In addition, a retinal
scanning display, which projects two-dimensionally
scanned light on a retina of a user, may be used. The
lens unit leads the image light emitted from the liquid
crystal unit to the half mirror 14. The focus adjustment
mechanism moves the lens unit in the right and left di-
rection in accordance with the rotation of the operation
member 15. The user can perform a focus adjustment of
the image display device 11 by rotating the operation
member 15.
[0029] The half mirror 14 has a rectangular plate
shape. In both surfaces of the half mirror 14, one surface
faces diagonally right rearward. In both surfaces of the
half mirror, the other surface faces diagonally left forward.
The half mirror 14 can reflect a part (for example, 50%)
of incident light and can transmit the other part of the light
therethrough. The half mirror 14 can reflect image light,
which passes through the lens unit and is incident from
a right side, to a rear side. A user can visually perceive
a virtual image with the eye on the basis of the image
light that is reflected to the rear side by the half mirror
14. In addition, the half mirror 14 can allow external light
to be transmitted therethrough to the rear side. In the
present disclosure, instead of the half mirror 14, a trans-
missive optical path deflection member such as a prism
and a diffraction lattice may be used.

<Connection member 7>

[0030] As illustrated in FIGS. 4 and 5, the connection
member 7 includes a coupling portion 71 and a cylindrical
portion 72. The coupling portion 71 detachably couples
the connection member 7 to the mounting member 8 (see
FIG. 1 to FIG. 3). The coupling portion 71 includes an
outside portion 71A and an inside portion 71B. The out-
side portion 71A contacts the upper side, the lower side
and the outside of the mounting member 8. The inside
portion 71B contacts the inside of the mounting member
8. The inside portion 71B includes a cylindrical protruding
portion 711 that protrudes rightward. The outside portion
71A is provided with a hole (not illustrated) penetrating
in the right and left direction at a portion that is brought
into contact with the outside of the mounting member 8.
As illustrated in FIG. 5, a screw 712 is inserted into the
hole (not illustrated) of the outside portion 71A from the
right side to the left side. The screw 712 is threadedly
engaged with the protruding portion 711 of the inside
portion 71B. The outside portion 71A and the inside por-
tion 71B are fixed by the screw 712 with the mounting
member 8 therebetween.
[0031] The cylindrical portion 72 is a cylindrical mem-
ber. The cylindrical portion 72 protrudes from the outside
portion 71A of the coupling portion 71 rightward. The cy-
lindrical portion 72 is provided with a first cylindrical por-
tion 72A and a second cylindrical portion 72B that are
different in diameter of outer surfaces thereof. The sec-
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ond cylindrical portion 72B is disposed at the right side
of the first cylindrical portion 72A. A diameter of an outer
surface of the second cylindrical portion 72B is smaller
than that of the first cylindrical portion 72A. The second
cylindrical portion 72B includes a space therein. A left
end of the second cylindrical portion 72B is closed by a
bottom portion 721 (see FIG.8). Screw threads are cut
on the outer surface of the second cylindrical portion 72B.
To the second cylindrical portion 72B, a socket 22 of the
first ball joint 2 described later is connected.

<Firs ball joint 2>

[0032] As illustrated in FIG. 5 to FIG. 8, the first ball
joint 2 is provided with a ball stud 21, the socket 22, a
receiving portion 23 and a pressing portion 24. The ball
stud 21 includes a sphere portion 21A, a rod portion 21B
and a base portion 21C. The sphere portion 21A is a
spherical portion. The rod portion 21B is a cylindrical por-
tion extending rightward from the sphere portion 21A. A
diameter of a cross-section of the rod portion 21B is
smaller than a diameter of the sphere portion 21A. As
illustrated in FIG. 8, the rod portion 21B extends along a
virtual line 212 radially extending from the center 211 of
the sphere portion 21A, bends diagonally right rearward,
and further extends along a virtual line 213. The base
portion 21C is connected to the rod portion 21B at a side
opposite to the sphere portion 21A. As illustrated in FIG.
5, at an upper end portion of the first member 9A of the
connector 9, a concave portion 911 is provided. As illus-
trated in FIG. 8, the base portion 21C of the ball stud 21
is fit into the concave portion 911 from the left side. A
hole (not illustrated) is formed in a bottom portion of the
concave portion 911 so as to penetrate the bottom portion
in the right and left direction. A screw 912 is inserted into
the hole from the right side to the left side. The screw
912 is threadedly engaged with a threaded hole provided
at the base portion 21C of the ball stud 21. This allows
the ball stud 21 to be fixed to the connector 9 by the screw
912.
[0033] The receiving portion 23 is accommodated in
the second cylindrical portion 72B of the connection
member 7. The receiving portion 23 is made of an elas-
tically deformable rubber that functions as a cushioning
material. A left side surface of the receiving portion 23 is
in contact with the bottom portion 721 of the second cy-
lindrical portion 72B. The receiving portion 23 is provided
with a circularly recessed concave portion 23B on a right
side surface thereof. The concave portion 23B is in con-
tact with substantially the left half of the sphere portion
21A of the ball stud 21 from the left side. As illustrated in
FIG. 7, the pressing portion 24 is hemispheric. An open-
ing of the pressing portion 24 faces leftward. The pressing
portion 24 is made of an elastically deformable rubber
that functions as a cushioning material. The pressing por-
tion 24 is provided with a circular hole 24A that penetrates
in the right and left direction. The rod portion 21B of the
ball stud 21 is inserted into the hole 24A. A diameter of

the hole 24A is substantially the same as the diameter
of the cross-section of the rod portion 21B of the ball stud
21. As illustrated in FIG. 8, a wall portion 24B correspond-
ing to an inner surface of the pressing portion 24 is in
contact with substantially the right half of the sphere por-
tion 21A of the ball stud 21 from the right side. The sphere
portion 21A is sandwiched between the concave portion
23B of the receiving portion 23 and the wall portion 24B
of the pressing portion 24 on both sides.
[0034] The socket 22 is a cylindrical member extending
in the right and left direction. An inner diameter of the
socket 22 is substantially the same as an outer diameter
of the second cylindrical portion 72B of the connection
member 7. Screw threads are cut at a left end of an inner
surface of the socket 22. The screw threads are thread-
edly engaged with screw threads cut on the outer surface
of the second cylindrical portion 72B. This allows the
socket 22 to be connected to the connection member 7.
The sphere portion 21A of the ball stud 21, the receiving
portion 23 and the pressing portion 24 are accommodat-
ed in the space surrounded by the second cylindrical por-
tion 72B and the socket 22.
[0035] As illustrated in FIG. 6, at a right end of the sock-
et 22, a wall portion 221 extending so as to be curved
toward the center is provided. A circular hole 22A is
formed in the wall portion 221 so as to penetrate the wall
portion 221 in the right and left direction. The rod portion
21B of the ball stud 21 is inserted into the hole 22A. An
inner end of the wall portion 221 is brought into contact
with an outer surface of the pressing portion 24 from the
right side. A part of the right side of the pressing portion
24 extrudes from the hole 22A outside the socket 22.
[0036] As illustrated in FIG. 8, the inner end of the wall
portion 221 of the socket 22 presses against the pressing
portion 24 leftward in a state that the socket 22 is thread-
edly engaged with the second cylindrical portion 72B of
the connection member 7. The sphere portion 21A of the
ball stud 21 that is in contact with the wall portion 24B of
the pressing portion 24 is moved leftward by the pressure
of the pressing portion 24 and pressed against the re-
ceiving portion 23. Thus, the sphere portion 21A is main-
tained in a state sandwiched between the receiving por-
tion 23 and the pressing portion 24 on both sides.
[0037] A distance between the bottom portion 721 of
the second cylindrical portion 72B and the wall portion
221 of the socket 22 changes depending on a degree
the socket 22 is threadedly engaged with the second cy-
lindrical portion 72B. Depending on the distance between
the bottom portion 721 and the wall portion 221, a force
with which the wall portion 221 of the socket 22 presses
the pressing portion 24 and a forth with which the receiv-
ing portion 23 and the pressing portion 24 sandwich the
sphere portion 21A therebetween change. Depending on
a forth with which the wall portion 221 of the socket 22
presses the pressing portion 24, a frictional force be-
tween the wall portion 221 and the pressing portion 24
changes. Hereafter, the frictional force is called a "first
frictional force". As the first frictional force is large, the
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pressing portion 24 is hard to move relative to the socket
22. Depending on a force with which the receiving portion
23 and the pressing portion 24 sandwich the sphere por-
tion 21A therebetween, a frictional force between the re-
ceiving portion 23 and the pressing portion 24, and the
sphere portion 21A changes. Hereafter, the frictional
force is called a "second frictional force". As the second
frictional force is large, the sphere portion 21A is hard to
move relative to the receiving portion 23 and the pressing
portion 24. In the present embodiment, the material and
the shape of each member are selected such that the
first frictional force is larger than the second frictional
force. The frictional force between the members can be
adjusted to desired magnitude relation depending on the
coefficient of friction of the material itself as well as de-
formability due to the surface hardness, surface asperi-
ties, and the contact area and the like.
[0038] Both of the first frictional force and the second
frictional force are small in a state that the bottom portion
721 and the wall portion 221 are separated from each
other. In the case that a force by a user acts on a side of
the base portion 21C of the ball stud 21, the movement
of the pressing portion 24 relative to the socket 22 is
permitted, and the movement of the sphere portion 21A
relative to the receiving portion 23 and the pressing por-
tion 24 is permitted. Accordingly, as illustrated in FIG. 6,
the ball stud 21 is rotatable about the virtual line 212
radially extending from the center 211 of the sphere por-
tion 21A in a direction denoted by an arrow 2A. The ball
stud 21 is movable in a range in which the rod portion
21B does not contact the hole 22A of the wall portion 221
of the socket 22. In other words, the ball stud 21 is mov-
able in a direction denoted by an arrow 2B within a range
defined by a virtual conical surface 214 formed by con-
necting the center 211 and the inner end of the wall por-
tion 221. In the case that the ball stud 21 moves in the
directions denoted by the arrows 2A and 2B, the pressing
portion 24 also moves with the movement of the ball stud
21. That is, the moving direction of the ball stud 21 relative
to the receiving portion 23 and the moving direction of
the pressing portion 24 relative to the receiving portion
23 are coincident. The movement at this time corre-
sponds to a part of rotating movement about two axes
that are orthogonal to the virtual line 212 and are orthog-
onal to each other (a first axis extending in a front and
rear direction and a second axis extending in the upper
and lower direction, for example). In FIG. 6, assuming
that the right and left direction is an X axis, the front and
rear direction is a Y axis, and the upper and lower direc-
tion is a Z axis, the movement about the virtual line 212
is represented by a rotation Xθ about the X axis, and the
movement within the conical surface 214 is represented
by a synthesis of a rotation Yθ about the Y axis and a
rotation Zθ about the Z axis.
[0039] As the bottom portion 721 and the wall portion
221 are closer to each other, the first frictional force and
the second frictional force are stronger. In the present
embodiment, the movement of the pressing portion 24

relative to the socket 22 is first restricted by the first fric-
tional force. As described above, the diameter of the hole
24A of the pressing portion 24 is substantially the same
as the diameter of the cross-section of the rod portion
21B of the ball stud 21. Thus, in the case that a force by
a user acts on the side of the base portion 21C of the ball
stud 21 in a state that the movement of the pressing por-
tion 24 relative to the socket 22 is restricted, the move-
ment of the ball stud 21 in the direction denoted by the
arrow 2B is restricted. It is assumed that the movement
of the sphere portion 21A relative to the receiving portion
23 and the pressing portion 24 is not restricted by the
second frictional force. Thus, in the case that a force by
a user acts on the side of the base portion 21C of the ball
stud 21, the movement of the sphere portion 21A relative
to the receiving portion 23 and the pressing portion 24 is
permitted. This maintains the ball stud 21 in a state ro-
tatable in the direction denoted by the arrow 2A. In other
words, a range in which the ball stud 21 can relatively
move relative to the receiving portion 23 (the arrows 2A
and 2B) is larger than a range in which the ball stud 21
can relatively move relative to the pressing portion 24
(the arrow 2A).
[0040] Furthermore, in the case that the bottom portion
721 and the wall portion 221 are closer to each other,
the movement of the sphere portion 21A relative to the
receiving portion 23 and the pressing portion 24 is then
restricted by the second frictional force. In this case, when
a force by a user acts on the side of the base portion 21C
of the ball stud 21, the rotation of the ball stud 21 in the
direction denoted by the arrow 2A is restricted. Accord-
ingly, the first ball joint 2 changes to an immovable state
relative to the connection member 7.
[0041] Hereafter, in the first ball joint 2, a state in which
the socket 22 is tightened such that the ball stud 21 is
rotatable in the direction denoted by the arrow 2A and
the ball stud 21 is movable in the direction denoted by
the arrow 2B is referred to as a first state. A state in which
the socket 22 is tightened such that the movement of the
ball stud 21 in the direction denoted by the arrow 2B is
restricted and the ball stud 21 is rotatable in the direction
denoted by the arrow 2A is referred to as a second state.
A state in which the socket 22 is tightened such that the
rotation of the ball stud 21 in the direction denoted by the
arrow 2A is restricted and the movement of the ball stud
21 in the direction denoted by the arrow 2B is restricted
is referred to as a third state. The rotation of the ball stud
21 of the first ball joint 2 is referred to as a "rotation of
the first ball joint 2".
[0042] In the above description, the first frictional force
and the second frictional force are larger than the force
acting on the first ball joint 2 due to the gravity acting on
the connector 9, the image display device 11, and the
like. Thus, in the case that a force by a user does not act
on the side of the base portion 21C of the ball stud 21,
the position of the first ball joint 2 relative to the connection
member 7 is fixed even in any of the first state to the third
state. In other words, the first ball joint 2 does not rotate
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due to the gravity of the connector 9, the image display
device 11 and the like.

<Connection member 6>

[0043] As shown in FIG. 3, the connection member 6
has substantially a prism shape that extends in the front
and rear direction. A front surface of the connection mem-
ber 6 is connected to a rear surface of the image display
device 11 described later. The connection member 6 in-
cludes a cylindrical portion 62 (see FIG. 9 to FIG. 11)
protruding rightward from a right surface at a rear end
thereof. The cylindrical portion 62 includes a space there-
in. A left end of the cylindrical portion 62 is closed by a
bottom portion 621 (see FIG. 11). Screw threads are cut
on an outer surface of the cylindrical portion 62. The cy-
lindrical portion 62 is connected with a socket 32 of the
second ball joint 3 described later.

<Second ball joint 3>

[0044] As illustrated in FIG. 9 to FIG. 11, the configu-
ration of the second ball joint 3 is substantially the same
as the configuration of the first ball joint 2 except for a
part of the configuration. Hereafter, the description of the
second ball joint 3 is omitted or simplified in order to avoid
an overlap with the description of the first ball joint 2. The
second ball joint 3 is provided with a ball stud 31, the
socket 32, a receiving portion 33 and a pressing portion
34. The ball stud 31, the socket 32, the receiving portion
33 and the pressing portion 34 respectively correspond
to the ball stud 21, the socket 22, the receiving portion
23 and the pressing portion 24 of the first ball joint 2.
[0045] The ball stud 31 is provided with a sphere por-
tion 31A, a rod portion 31B and a base portion 31C. The
shapes of the sphere portion 31A, the rod portion 31B
and the base portion 31C are the same as the shapes of
the sphere portion 21A, the rod portion 21B and the base
portion 21C of the ball stud 21. The rod portion 31B ex-
tends along a virtual line 312 radially extending from the
center 311 of the sphere portion 31A, bends diagonally
right rearward and further extends along a virtual line
313. As illustrated in FIG. 5, at a lower end of the first
member 9A of the connector 9, a concave portion 913 is
provided. As illustrated in FIG. 11, the base portion 31C
of the ball stud 31 is fit into the concave portion 913 from
the left side. A hole (not illustrated) is formed in a bottom
portion of the concave portion 913 so as to penetrate the
bottom portion in the right and left direction. A screw 914
is inserted into the hole from the right side to the left side.
The screw 914 is threadedly engaged with a threaded
hole provided at the base portion 31C of the ball stud 31.
This allows the ball stud 31 to be fixed to the connector
9 by the screw 914.
[0046] The receiving portion 33 is accommodated in
the cylindrical portion 62 of the connection member 6.
The receiving portion 33 is made of an elastically deform-
able rubber that functions as a cushioning material. A left

side surface of the receiving portion 33 is in contact with
the bottom portion 621 of the cylindrical portion 62. The
receiving portion 33 is provided with a circularly recessed
concave portion 33B on a right side surface thereof. The
concave portion 33B is in contacts with substantially the
left half of the sphere portion 31A of the ball stud 31 from
the left side.
[0047] The shape of the pressing portion 34 is different
from that of the pressing portion 24 of the first ball joint
2. The pressing portion 34 is substantially cylindrical. The
pressing portion 34 includes a first cylindrical portion 341
and a second cylindrical portion 342 that are different in
diameter of inner surfaces thereof. The second cylindrical
portion 342 is arranged at the right side of the first cylin-
drical portion 341. A diameter of an inner surface of the
second cylindrical portion 342 is smaller than that of the
first cylindrical portion 341. A left end of the first cylindrical
portion 341 and a right end of the second cylindrical por-
tion 342 are opened. The pressing portion 34 is made of
an elastically deformable rubber that functions as a cush-
ioning material. A step portion 34B being a connected
portion between the first cylindrical portion 341 and the
second cylindrical portion 342 of an inner surface of the
pressing portion 34 contacts a position located slightly
right from the center in the right and left direction of the
sphere portion 31A of the ball stud 31. As illustrated in
FIG. 10, the rod portion 31B of the ball stud 31 is inserted
into an opening 34A provided at a right end of the pressing
portion 34. A diameter of the opening 34A is larger than
a diameter of a cross-section of the rod portion 31B of
the ball stud 31 and is substantially the same as a diam-
eter of a hole 32A of the socket 32 described later. The
sphere portion 31A is sandwiched between the concave
portion 33B of the receiving portion 33 and the step por-
tion 34B of the pressing portion 34 on both sides.
[0048] The shape of the socket 32 is the same as that
of the socket 22 of the first ball joint 2. An inner diameter
of the socket 32 is substantially the same as an outer
diameter of the cylindrical portion 62 of the connection
member 6. Screw threads are cut at a left end portion of
an inner surface of the socket 32. The screw threads are
threadedly engaged with the screw threads cut on the
outer surface of the cylindrical portion 62. This allows the
socket 32 to be connected to the connection member 6.
The sphere portion 31A of the ball stud 31, the receiving
portion 33 and the pressing portion 34 are accommodat-
ed in the space surrounded by the cylindrical portion 62
and the socket 32. A wall portion 321 and the hole 32A
of the socket 32 corresponds to the wall portion 221 and
the hole 22A of the socket 22, respectively. The diameter
of the hole 32A is substantially the same as that of the
opening 34A of the pressing portion 34. An inner end of
the wall portion 321 is in contact with an outer surface at
a right end of the second cylindrical portion 342 of the
pressing portion 34. The rod portion 31B of the ball stud
31 is inserted into the hall 32A.
[0049] As illustrated in FIG. 11, the inner end of the
wall portion 221 of the socket 32 presses the pressing
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portion 34 inward in a state that the socket 32 is thread-
edly engaged with the cylindrical portion 62 of the con-
nection member 6. The second cylindrical portion 342 of
the pressing portion 34 is deformed so as to be reduced
in its inner diameter at the right end and is brought into
close contact with the sphere portion 31A of the ball stud
31. The inner end of the wall portion 221 of the socket
32 presses the pressing portion 34 leftward. The sphere
portion 31A of the ball stud 31 that is in contact with the
step portion 34B of the pressing portion 34 moves left-
ward by the pressure of the pressing portion 34 and is
pressed against the receiving portion 33. Thus, the
sphere portion 31A is maintained in a state sandwiched
between the receiving portion 33 and the pressing portion
34 on both sides.
[0050] A distance between the bottom portion 621 of
the cylindrical portion 62 and the wall portion 321 of the
socket 32 changes depending on a degree the socket 32
is threadedly engaged with the cylindrical portion 62. De-
pending on the distance between the bottom portion 621
and the wall portion 321, the force with which the receiv-
ing portion 33 and the pressing portion 34 sandwich the
sphere portion 31A therebetween changes. Depending
on the forth with which the receiving portion 33 and the
pressing portion 34 sandwich the sphere portion 31A
therebetween, the frictional force between the receiving
portion 33 and the pressing portion 34, and the sphere
portion 31A changes. Hereinafter, the frictional force is
called a "third frictional force". As the third frictional force
is large, the sphere portion 31A is hard to move relative
to the receiving portion 33 and pressing portion 34.
[0051] The third frictional force is small in a state that
the bottom portion 621 and the wall portion 321 are
spaced from each other. In the case that a force by a
user acts on a side of the base portion 31C of the ball
stud 31, the sphere portion 31A is movable relative to
the receiving portion 33 and the pressing portion 34. Ac-
cordingly, as illustrated in FIG. 9, the ball stud 31 is ro-
tatable about the virtual line 312 radially extending from
the center 311 of the sphere portion 31A in a direction
denoted by an arrow 3A. The ball stud 31 is movable in
a direction denoted by an arrow 3B within a range in
which the rod portion 31B is not in contact with the open-
ing 34A of the receiving portion 33. The range in which
the rod portion 31B is not in contact with the opening 34A
of the receiving portion 33 is a range defined by connect-
ing the center 231 and the inner end of the wall portion
321. The movement at this time corresponds to a part of
rotating movement about two axes that are orthogonal
to the virtual line 312 and are orthogonal to each other
(for example, a first axis extending in the right and left
direction and a second axis extending in the upper and
lower direction).
[0052] As the wall portion 321 and the bottom portion
621 are closer to each other, the third frictional force is
stronger. The movement of sphere portion 31A relative
to the receiving portion 33 and the pressing portion 34 is
restricted by the third frictional force. Thus, in the case

that a force by a user acts on the side of the base portion
31C of the ball stud 31, the rotation of the ball stud 21 in
the direction denoted by the arrow 3A is restricted and
the movement of the ball stud 21 in the direction denoted
by the arrow 3B is restricted. Accordingly, the first ball
joint 2 changes to an immovable state relative to the con-
nection member 6.
[0053] Similarly to the first ball joint 2, depending on a
degree the socket 32 is fit into the cylindrical portion 62,
the force with which the wall portion 321 of the socket 32
presses the pressing portion 34 changes, and the fric-
tional force between the wall portion 321 and the pressing
portion 34 changes. However, as described above, the
diameter of the hole 32A of the wall portion 321 is sub-
stantially the same as that of the opening 34A of the
pressing portion 34. Thus, the inner end of the wall portion
321 of the socket 32 is constantly in close contact with
the outer surface at the right end of the second cylindrical
portion 342 of the pressing portion 34. Thus, unlikely to
the first ball joint 2, even if the frictional force between
the wall portion 321 and the pressing portion 34 is small,
the pressing portion 34 does not move relative to the
socket 32. This does not bring about a state in which the
movement of the ball stud 31 in the direction denoted by
the arrow 3B only is restricted and the rotation of the ball
stud 31 in the direction denoted by the arrow 3A only is
permitted.
[0054] In the second ball joint 3, a state in which the
socket 32 is tightened such that the ball stud 31 is rotat-
able in the directions denoted by the arrows 3A and 3B
is hereinafter referred to as a fourth state. A state in which
the socket 22 is tightened such that the rotation of the
ball stud 31 in the directions denoted by the arrows 3A
and 3B is restricted is referred to as a fifth state. The
rotation of the ball stud 31 of the second ball joint 3 is
referred to as a "rotation of the second ball joint 3".
[0055] In the case that a force by a user does not act
on the side of the base portion 31C of the ball stud 31,
the position of the second ball joint 3 relative to the con-
nection member 6 is fixed in both states of the fourth
state and the fifth state. In other words, the second ball
joint 3 does not rotate due to the gravity of the image
display device 11 and the like.

<Example of use of HMD 1>

[0056] One example of the use of the HMD 1 is de-
scribed. A user first changes a state of the first ball joint
2 to the first state by loosening the socket 22. Also, the
user changes a state of the second ball joint 3 to the
fourth state by loosening the socket 32. The user then
wears the mounting member 8 of the HMD 1 to a head
of the user. The user holds the image display device 11
with the left hand and performs a positional adjustment
so as to dispose the half mirror 14 in front of the left eye.
[0057] In the case that a force caused by the movement
of the image display device 11 by the user acts on the
first ball joint 2, the first ball joint 2 is rotatable or movable
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in the directions denoted by the arrows 2A and 2B. The
first ball joint 2 connects the mounting member 8 and the
image display device 11 through the connector 9 and the
second ball joint 3. Thus, the first ball joint 2 allows the
connector 9, the second ball joint 3 and the image display
device 11 to move relative to the mounting member 8.
Furthermore, in the case that a force caused by the move-
ment of the image display device 11 by the user acts on
the second ball joint 3, the second ball joint 3 is rotatable
or movable in the directions denoted by the arrows 3A
and 3B. The second ball joint 3 connects the connector
9 and the image display device 11. Thus, the second joint
3 allows the image display device 11 to move relative to
the connector 9.
[0058] As described above, the position of the image
display device 11 relative to the mounting member 8 is
precisely adjustable by the first ball joint 2 as well as the
second ball joint 3. This allows the user to accurately
dispose the image display device 11 in a desired orien-
tation and position in front of the left eye.
[0059] The user stops applying a force on the image
display device 11 after disposing the image display de-
vice 11 at the desired position in front of the left eye. In
this case, the first ball joint 2 and the second ball joint 3
are fixed, and thus, the position of the image display de-
vice 11 relative to the mounting member 8 is held.
[0060] After completing the adjustment of the position
of the image display device 11, the user changes the
state of the first ball joint 2 from the first state to the second
state by tightening the socket 22, for example. The first
ball joint 2 changes to a state in which a rotation in the
direction denoted by the arrow 2A only is permitted. In
other words, the number of rotatable axes of the first ball
joint 2 changes from three axes (virtual line 212, first axis,
second axis) to one axis (virtual line 212).
[0061] Illustrated is an instance where the user desires
to temporarily move the half mirror 14 of the image display
device 11 out of the field of view in the above-described
state. As one example, a case is taken that the field of
view in front of the eye is more required than an image
to be projected on a part of the field of view through the
half mirror 14. In such a case, the user performs an op-
eration of holding an end part of the connector 9 with
which the image display device 11 is connected to apply
a force and lift the part upward. At this time, the first ball
joint 2 rotates in the direction denoted by the arrow 2A.
The half mirror 14 of the image display device 11 is dis-
posed out of the field of view. The user then stops apply-
ing a force to the connector 9. The position of the image
display device 11 relative to the mounting member 8 is
held.
[0062] Furthermore, illustrated is an instance where
the user moves the image display device 11 back to the
original position and desires to dispose the image display
device 11 at a desired position in front of the left eye. In
such a case, the user performs an operation of holding
the end part of the connector 9 with which the image
display device 11 is connected to apply a force and press

the part down. At this time, the first ball joint 2 rotates in
the direction denoted by the arrow 2A. Thus, the image
display device 11 moves back to the original position be-
fore movement with the half mirror 14 disposed within
the field of view.

<Main action and effect of the present embodiment>

[0063] Other than the display method of the HMD 1
according to the above-described embodiment, a meth-
od in which an image is projected on the user’s entire
field of view has been known as a display method of the
HMD. In most cases, the HMD of the method in which
an image is projected on the user’s entire field of view
comprises in advance a movable part that moves a dis-
play unit to a position where no image is projected within
the user’s field of view. It is only required that the movable
part can move the display unit between a position where
an image is projected on the user’s entire field of view
and the position where no image is projected on the us-
er’s field of view. Thus, the movable part is mostly con-
figured to stop the display unit only at either of two posi-
tions.
[0064] In contrast thereto, the HMD of the method in
which an image is projected on a part of the user’s field
of view, like the HMD1 according to the above-described
embodiment, often allows commonality of a mechanism
for moving the image display device 11 to a position
where an image is projected to a desired position within
the user’s field of view and a mechanism for moving the
image display device 11 to a position where no image is
projected within the user’s field of view. Here, a large
degree of freedom of the movement of the image display
device 11 is preferable for moving the image display de-
vice 11 to a position where an image is projected at a
desired position within the user’s field of view. Mean-
while, in the case that the image display device 11 is
moved to a position where no image is projected within
the user’s field of view, a small degree of freedom of the
movement of the image display device 11 is preferable
for easily moving the image display device 11 back to
the original position before movement.
[0065] The HMD 1 comprises the first ball joint 2 and
the second ball joint 3. The first ball joint 2 can be changed
among the first state to the third state that are different
in degree of freedom by an adjustment of a degree the
socket 22 is tightened. The number of rotatable axes of
the first ball joint 2 decreases in the order of the first state
(virtual line 212, first axis, and second axis), the second
state (virtual line 212) and the third state (no axis). For
example, the user can perform an adjustment for moving
once the image display device 11 to a position where no
image is projected within the field of view and then moving
the image display device 11 back to the original position,
by using the first ball joint 2 that is changed to the second
state. The number of rotatable axes of the first ball joint
2 in the second state is smaller than the number of ro-
tatable axes of the first ball joint 2 in the first state. In this
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case, the user can restrict the degree of freedom of the
movement of the image display device 11 by the first ball
joint 2. This allows the user to easily and appropriately
move the image display device 11 back to the original
position.
[0066] For example, the user can perform adjustments
as to a position and an orientation in front of the left eye
the image display device 11 is to be disposed, by using
the first ball joint 2 in the first state and the second ball
joint 3 in the fourth state. In this case, since the degree
of freedom of the movement of the image display device
11 is large, the position of the image display device 11
can be adjusted more precisely. The first ball joint 2 can
be used for both of an adjustment for moving the image
display device 11 to a position such that no image is
projected within the field of view and moving the image
display device 11 back to the original position and an
adjustment for moving the image display device 11 to a
position where an image is projected at a desired position
within the field of view. Accordingly, the HMD 1 can effi-
ciently utilize the degree of freedom of the first ball joint
2 and the second ball joint 3. Thus, it is possible to achieve
the HMD 1 that is small in size and simple in configuration.
Generally, when an object is placed in a three-dimen-
sional space, a total of 6 degrees of freedom including 3
degrees of freedom for a position and 3 degrees of free-
dom for an orientation (rotation) enables positioning in
all states. One ball joint mechanism has 3 degrees of
freedom and thus, two ball joint mechanisms are enough
for fine adjustments.
[0067] Only when wearing the HMD 1 at first, the user
may use the first ball joint 2 in the first state and the
second ball joint 3 in the fourth state to thereby adjust
the position of the image display device 11. Then, after
the first ball joint 2 is changed to the second state, the
user may then retract the image display device 11 out of
the field of view and return the image display device 11
within the field of view using the first ball joint 2 only.
[0068] In the above description, the first ball joint 2 in-
cludes the ball stud 21, the socket 22, the receiving por-
tion 23 and the pressing portion 24. The receiving portion
23 is in contact with the left side of the sphere portion
21A of the ball stud 21. The pressing portion 24 is in
contact with the right side of the sphere portion 21A. The
wall portion 221 of the socket 22 is brought into contact
with the pressing portion 24 from the right side to press
the pressing portion 24 leftward. Thus, the sphere portion
21A is maintained in a state sandwiched between the
receiving portion 23 and the pressing portion 24 on both
sides.
[0069] In the case that a degree of the socket 22 being
threadedly engaged with the connection member 7 is
weak, both of the first frictional force between the wall
portion 221 and the pressing portion 24 and the second
frictional force between the receiving portion 23 and the
pressing portion 24, and the sphere portion 21A are
small. In this case, the pressing portion 24 is movable
relative to the socket 22, and the sphere portion 21A is

movable relative to the receiving portion 23 and the
pressing portion 24. Accordingly, the ball stud 21 is mov-
able in both directions denoted by the arrows 2A and 2B
(first state). In contrast, in the case that the degree of the
socket 22 being threadedly engaged with the connection
member 7 is strong, the first frictional force is larger than
the second frictional force, and by the first frictional force,
the movement of the pressing portion 24 relative to the
socket 22, that is, the movement of the pressing portion
24 relative to the receiving portion 23 is restricted. Thus,
the movement of the ball stud 21 in the direction denoted
by the arrow 2B is restricted and the movement of the
ball stud 21 in the direction denoted by the arrow 2A only
is permitted (second state).
[0070] As described above, the HMD 1 can change the
state of the first ball joint 2 to the first state by permitting
the movement of the pressing portion 24 relative to the
socket 22, that is, permitting the movement of the press-
ing portion 24 relative to the receiving portion 23. Also,
the HMD 1 can change the state of the first ball joint 2 to
the second state by restricting the movement of the
pressing portion 24 relative to the socket 22, that is, by
restricting the movement of the pressing portion 24 rel-
ative to the receiving portion 23. Furthermore, the HMD
1 can switch between a state that the movement of the
pressing portion 24 relative to the receiving portion 23 is
permitted (first state) and the state that the movement of
the pressing portion 24 relative to the receiving portion
23 is restricted (second state), by adjustment of a degree
the socket 22 is threadedly engaged with the connection
member 7. Accordingly, the HMD 1 can easily switch the
state of the first ball joint 2 (first state or second state).
[0071] When the first ball joint 2 is in the first state, the
pressing portion 24 is movable relative to the receiving
portion 23, and the ball stud 21 is movable in the direc-
tions denoted by the arrows 2A and 2B. Meanwhile, when
the first ball joint 2 is in the second state, the movement
of the pressing portion 24 relative to the receiving portion
23 is restricted, and the ball stud 21 is movable in only
the direction denoted by the arrow 2A. In other words,
the range (the arrows 2A and 2B) in which the ball stud
21 is relatively movable relative to the receiving portion
23 is larger than the range (the arrow 2A) in which the
ball stud 21 is relatively movable relative to the pressing
portion 24. Thus, the HMD 1 can make the movable range
of the ball stud 21 of the first ball joint 2 that is changed
to the first state larger than the movable range of the ball
stud 21 of the first ball joint 2 that is changed to the second
state.
[0072] In the above description, the first ball joint 2 con-
nects to the image display device 11 through the con-
nector 9 and the second ball joint 3. In the HMD 1, the
first ball joint 2 allows the connector 9, the second ball
joint 3 and the image display device 11 to move relative
to the mounting member 8. Here, it is assumed that the
first ball joint 2 and the second ball joint 3 are reversibly
connected. In this case, when a force is applied to move
the first ball joint 2 in order to move the image display
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device 11 such that no image is projected in the field of
view, the force is also applied to the second ball joint 3,
causing a probability of moving the second ball joint 3.
[0073] In contrast thereto, in the HMD 1, the state of
the first ball joint 2 being a ball joint positioned nearer to
the mounting member 8 is changed from the first state
to the second state, which decreases the number of ro-
tatable axes of the first ball joint 2. In this case, an ad-
justment for moving the image display device 11 once to
a position where no image is projected within the field of
view and then moving the image display device 11 back
to the original position can be performed without moving
the second ball joint 3.
[0074] The number of rotatable axes of the first ball
joint 2 in the second state is "one" while the number of
rotatable axes of the second ball joint 3 in the fourth state
is "three". Thus, after having performed an adjustment
as to a position within the field of view the half mirror 14
of the image display device 11 is to be disposed by using
the second ball joint 3 in the fourth state, the user can
easily retract the image display device 11 out of the field
of view and return the image display device 11 within the
field of view, by using only the first ball joint 2.

<First modified example>

[0075] The HMD 1 according to the first modified ex-
ample is described. In the HMD 1 according to the first
modified example, a first ball joint 51 is used in place of
the first ball joint 2. The first ball joint 51 is described with
reference to FIG. 12. The first ball joint 51 is different
from the first ball joint 2 in the shape of the rod portion
21B of the ball stud 21 and the shape of the hole 24A of
the pressing portion 24. The rest of the configuration is
the same as the configuration of the first ball joint 2, and
thus, the description thereof is omitted.
[0076] The rod portion 21B of the ball stud 21 of the
first ball joint 51 is provided with a pair of planar portions
21D at a position crossing the hole 24A of the pressing
portion 24. The pair of the planar portions 21D are op-
posed to each other in a specific direction (for example,
a front and rear direction) perpendicular to a direction in
which the rod portion 21B extends. Each planar portion
21D is formed by cutting away (for example, D-cutting)
an outer surface of the rod portion 21B along a plane
perpendicular to the specific direction. A length between
the pair of the planar portions 21D in the specific direction
is shorter than the diameter of the rod portion 21B where
the pair of the planar portions 21D are not formed.
[0077] The hole 24A of the pressing portion 24 has an
elongated-hole shape. The hole 24A is short in the spe-
cific direction in which the pair of the planar portions 21D
of the rod portion 21B are opposed to each other and is
long in the direction (for example, upper and lower direc-
tion) perpendicular to both of the direction in which the
rod portion 21B extends and the specific direction. A
length of the hole 24A along the shorter side is substan-
tially the same as the length between the pair of the planar

portions 21D of the rod portion 21B and is shorter than
a diameter of a part of the rod portion 21B where the pair
of planar portions 21D are not formed.
[0078] When the ball stud 21 rotates relative to the
pressing portion 24, the pair of the planar portions 21D
of the rod portion 21B are brought into contact with the
hole 24A. Thus, unlikely to the first ball joint 2, in the first
ball joint 51 the rotation of the ball stud 21 relative to the
pressing portion 24 about the direction in which the rod
portion 21B extends is restricted.
[0079] An instance where the socket 22 is tightened
such that the first ball joint 51 changes to the first state
is illustrated. In the case that a force by a user acts on
the side of the base portion 21C of the ball stud 21, the
pressing portion 24 is movable relative to the socket 22,
and the sphere portion 21A is movable relative to the
receiving portion 23 and the pressing portion 24. Accord-
ingly, similarly to the first ball joint 2, the first ball joint 51
is rotatable or movable in the directions denoted by ar-
rows 2A and 2B.
[0080] An instance where the socket 22 is tightened
such that the first ball joint 51 changes to the second
state is illustrated. In the case that a force by a user acts
on the side of the base portion 21C of the ball stud 21,
the movement of the pressing portion 24 relative to the
socket 22 is restricted. Accordingly, similarly to the first
ball joint 2, the movement of the first ball joint 51 in the
direction denoted by the arrow 2B is restricted. Also, in
the case that the ball stud 21 intends to rotate relative to
the pressing portion 24, the pair of planar portions 21D
of the rod portion 21B are brought into contact with the
hole 24A of the pressing portion 24, whereby, the rotation
of the ball stud 21 relative to the pressing portion 24 about
the virtual line 212 is restricted. Accordingly, unlikely to
the first ball joint 2, the rotation of the first ball joint 51 in
the direction denoted by the arrow 2A is also restricted.
[0081] Meanwhile, in the case that the first ball joint 51
is in the second state, the sphere portion 21A is main-
tained in a state movable relative to the receiving portion
23 and the pressing portion 24. This allows the ball stud
21 to move only in a direction along the longer side of
the hole 24A of the pressing portion 24, that is, in a di-
rection denoted by an arrow 2C in FIG.12. The movement
at this time corresponds to rotational movement about
one axis (for example, first axis extending in the front and
rear direction) perpendicular to the virtual line 212. Thus,
in the second state, the first ball joint 51 is different in the
axis about which a rotation is permitted from the first ball
joint 2 that rotates about the virtual line 212. Furthermore,
the movable range denoted by the arrow 2C is restricted
by the rod portion 21B being brought into contact with
the ends of the hole 24A in the direction along the longer
side.
[0082] An instance where the socket 22 is tightened
such that the first ball joint 51 changes to the third state
is illustrated. In this case, the movement of the sphere
portion 21A relative to the receiving portion 23 and the
pressing portion 24 is also restricted. Thus, in the case
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that a force by a user acts on the side of the base portion
21C of the ball stud 21, the movement of the ball stud 21
in the direction denoted by the arrow 2C is restricted.
Accordingly, the first ball joint 51 is in an immovable state.
[0083] As described above, in the second state, the
first ball joint 2 is rotatable in the direction denoted by the
arrow 2B while the first ball joint 51 is rotatable in the
direction denoted by the arrow 2C. Thus, the user can
perform an adjustment for moving once the image display
device 11 to a position where no image is projected within
the field of view and then moving the image display device
11 back to the original position, by using the first ball joint
51 that is changed to the second state.
[0084] For example, the user makes an adjustment
such that the image display device 11 is disposed in front
of the left eye in a state that the first ball joint 51 in the
second state is moved to one end in the direction denoted
by the arrow 2C. Then, the user brings about a state in
which no image is projected within the field of view by
moving the image display device 11 to the other end in
the direction denoted by the arrow 2C. This allows the
user to easily move the image display device 11 back to
the original position by moving the image display device
11 to the one end in the direction denoted by the arrow 2C.

<Second modified example>

[0085] The HMD 1 according to the second modified
example is described. In the HMD 1 according to the
second modified example, a first ball joint 52 is used in
place of the first ball joint 2. The first ball joint 52 is de-
scribed with reference to FIG. 13. The first ball joint 52
is different from the first ball joint 2 in that the cross-sec-
tional form of the rod portion 21B of the ball stud 21 has
a regular hexagonal shape with rounded corners, and
that the shape of the hole 24A of the pressing portion 24
is regular hexagonal. The cross-sectional form of the rod
portion 21B is substantially the same as the shape of the
hole 24A. The rest of the configuration is the same as
the configuration of the first ball joint 2, and thus, the
description thereof is omitted.
[0086] The outer surface of the rod portion 21B of the
ball stud 21 of the first ball joint 51 is constructed by six
planes. An angle formed by the adjacent planes of the
rod portion 21B is 60 degrees. The hole 24A of the press-
ing portion 24 is also constructed by six planes. Since
the cross-sectional form of the rod portion 21B and the
shape of the hole 24A are based on hexagons of sub-
stantially the same size, the planes formed on the outer
surface of the rod portion 21B and the planes of the hole
24 are brought into close contact with each other.
[0087] When the ball stud 21 rotates relative to the
pressing portion 24, each plane of the rod portion 21B is
brought into contact with each plane of the hole 24A,
which prevents the ball stud 21 from rotating. However,
the pressing portion 24 is made of an elastically deform-
able material, such as rubber. Thus, when the ball stud
21 rotates against the pressing portion 24 with a force of

a predetermined strength or more, the pressing portion
24 is elastically deformed. In this case, the ball stud 21
rotates relative to the pressing portion 24 by 60 degrees,
and stops in a state that each plane of the rod portion
21B is brought into contact with each plane of the hole
24A again. As such, in response to the applying of a force
of a predetermined strength or more to the ball stud 21,
the first ball joint 52 rotates by 60 degrees relative to the
pressing portion 24.
[0088] An instance where the socket 22 is tightened
such that the first ball joint 52 changes to the first state
is illustrated. In the case that a force by a user acts on
the side of the base portion 21C of the ball stud 21, the
pressing portion 24 is movable relative to the socket 22,
and the sphere portion 21A is movable relative to the
receiving portion 23 and the pressing portion 24. Accord-
ingly, similarly to the first ball joints 2 and 51, the first ball
joint 52 is rotatable or movable in the directions denoted
by the arrows 2A and 2B (see FIG. 6).
[0089] An instance where the socket 22 is tightened
such that the first ball joint 52 changes to the second
state is illustrated. In the case that a force by a user acts
on the side of the base portion 21C of the ball stud 21,
the movement of the pressing portion 24 relative to the
socket 22 is restricted. Accordingly, similar to the first ball
joint 2, the movement of the first ball joint 52 in the direc-
tion denoted by the arrow 2B is restricted (see FIG.6).
[0090] Meanwhile, in the case that the first ball joint 51
is in the second state, the sphere portion 21A is main-
tained in a state movable relative to the receiving portion
23 and the pressing portion 24. In contrast thereto, in the
case that the ball stud 21 intends to rotate relative to the
pressing portion 24, each plane of the rod portion 21B is
brought into contact with each plane of the hole 24A,
which prevents the rod portion 21B from rotating. Here,
in the case that a force of a predetermined strength or
more acts on the side of the base portion 21C of the ball
stud 21, the ball stud 21 rotates by 60 degrees in re-
sponse to the pressing portion 24 being elastically de-
formed as described above. Accordingly, unlikely to the
first ball joint 2, the first ball joint 52 is allowed to be rotated
by 60 degrees about the virtual line 212 (see FIG. 6)
radially extending from the center 211 of the sphere por-
tion 21A as denoted by an arrow 2D. In other words, the
first ball joint 52 in the second state is smaller in the
number of positions where a rotation about the virtual
line 212 stops than the first ball joint 52 in the first state
in which a rotation about the virtual line 212 at a non-
level is permitted. As described above, the movement of
the pressing portion 24 relative to the receiving portion
23 is permitted in the first state while the movement of
the pressing portion 24 relative to the receiving portion
23 is restricted in the second state. Thus, the number of
positions where the ball stud 21 is relatively stoppable
relative to the receiving portion 23 (no limit in this em-
bodiment) is larger than the number of positions where
the ball stud 2 is relatively stoppable relative to the press-
ing portion 24 (6 positions in this embodiment).
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[0091] An instance where the socket 22 is tightened
such that the first ball joint 52 changes to the third state
is illustrated. The movement of sphere portion 21A rela-
tive to the receiving portion 23 and the pressing portion
24 is restricted. Thus, even if a force by a user acts on
the side of the base portion 21C of the ball stud 21, the
rotation of the ball stud 21 in a direction denoted by the
arrow 2D is restricted. Accordingly, the first ball joint 52
is in an immovable state.
[0092] As described above, in the second modified ex-
ample, by changing the state of the first ball joint 52 to
the second state, the user can make the number of po-
sitions where a rotation of the first ball joint 52 is stoppable
smaller than that in the first state. More specifically, the
user can rotate the first ball joint 52 by 60 degrees at six
levels by changing the state of the first ball joint 52 to the
second state.
[0093] For example, after changing the state of the first
ball joint 52 to the first state, the user adjusts the position
of the image display device 11 such that the half mirror
14 is disposed in front of the left eye. Then, the user
changes the first ball joint 52 to the second state. The
first ball joint 52 is held in a state that it is rotated to any
one of stop positions of six levels (hereinafter, referred
to as a "first stop position"). Then, the user moves the
image display device 11 such that an image is not pro-
jected within the field of view. In this case, the first ball
joint 52 is held in a state that it is rotated to a second stop
position different from the first stop position out of the
stop positions of six levels. Here, in the case where the
user desires to move the image display device 11 back
to the original position, it is only required that the user
rotates the first ball joint 52 from the second stop position
to the first stop position. Thus, the user can more easily
move the image display device 11 back to the original
position in comparison with the case that a rotation of the
first ball joint 52 about the virtual line 212 is stoppable
without limit.
[0094] When the first ball joint 51 is in the first state,
the pressing portion 24 is movable relative to the receiv-
ing portion 23, and the ball stud 21 is movable in the
directions denoted by the arrows 2A and 2B. Meanwhile,
when the first ball joint 51 is in the second state, the move-
ment of the pressing portion 24 relative to the receiving
portion 23 is restricted. At this time, the ball stud 21 is
stoppable at six different positions relative to the receiv-
ing portion 23 (see the arrow 2D in FIG. 13). In other
words, the number of positions where the ball stud 21 is
relatively stoppable relative to the receiving portion 23
(no limit in this embodiment) is larger than the number
of positions where the ball stud 21 is relatively stoppable
relative to the pressing portion 24 (6 positions in this em-
bodiment). Thus, the HMD 1 can increase the number of
positions where the ball stud 21 of the first ball joint 51
that is changed to the first state is stoppable in compar-
ison with the number of positions where the ball stud 21
of the first ball joint 51 that is changed to the third state
is stoppable.

<Third modified example>

[0095] The HMD 1 according to the third modified ex-
ample is described. In the HMD 1 according to the third
modified example, a first ball joint 53 is used in place of
the first ball joint 2. With reference to FIG. 14, the first
ball joint 53 is described. The first ball joint 53 is different
from the first ball joint 2 in the shape of the rod portion
21B of the ball stud 21 and the shape of the hole 24A of
the pressing portion 24. The rest of the configuration is
the same as the configuration of the first ball joint 2, and
thus, the description thereof is omitted.
[0096] The rod portion 21B of the ball stud 21 of the
first ball joint 53 is provided with a cut-away portion 21E
at a portion that crosses the hole 24A of the pressing
portion 24. The cut-away portion 21E is formed in a sub-
stantially half area of a whole circumference thereof
along the outer surface. A length (radius) from the virtual
line 212 passing through the center 211 of the rod portion
21B to the cut-away portion 21E is smaller than a radius
at a portion of the rod portion 21B where no cut-away
portion 21E is formed.
[0097] The hole 24A of the pressing portion 24 is cir-
cular. The radius of the hole 24A is substantially the same
as the radius at the portion of the rod portion 21B where
no cut-away portion 21E is formed. The hole 24A is pro-
vided with a protruding portion 241 that protrudes inward.
A length of the protruding portion 241 in a protruding di-
rection is substantially the same as a depth of the cut-
away portion 21E formed on the rod portion 21B. Thus,
the portion of the outer surface of the rod portion 21B
where no cut-away portion 21E is formed is in contact
with a portion of the hole 24A where no protruding portion
241 is provided in a state that the rod portion 21B is in-
serted into the hole 24A of the pressing portion 24. Fur-
thermore, a part of the outer surface of the rod portion
21B where the cut-away portion 21E is formed is in con-
tact with a tip end of the protruding portion 241.
[0098] When the ball stud 21 rotates relative to the
pressing portion 24, both ends in a circumferential direc-
tion of the cut-away portion 21E of the rod portion 21B
are brought into contact with the protruding portion 241
of the hole 24A. Thus, in the first ball joint 53, a rotational
amount when the ball stud 21 rotates relative to the press-
ing portion 24 about the virtual line 212 of the rod portion
21B is substantially restricted to 180 degrees.
[0099] An instance where the socket 22 is tightened
such that the first ball joint 53 changes to the first state
is illustrated. In the case that a force by a user acts on
the side of the base portion 21C of the ball stud 21, the
pressing portion 24 is movable relative to the socket 22,
and the sphere portion 21A is movable relative to the
receiving portion 23 and the pressing portion 24. Accord-
ingly, similarly to the first ball joint 2, the first ball joint 53
is rotatable in the directions denoted by the arrows 2A
and 2B (see FIG. 6).
[0100] An instance where the socket 22 is tightened
such that the first ball joint 53 changes to the second
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state is illustrated. In the case that a force by a user acts
on the side of the base portion 21C of the ball stud 21,
the movement of the pressing portion 24 relative to the
socket 22 is restricted. Accordingly, similarly to the first
ball joints 2, the rotation of the first ball joint 51 in the
direction denoted by the arrow 2B (see FIG. 6) is restrict-
ed.
[0101] Meanwhile, in the case that the first ball joint 53
is in the second state, the sphere portion 21A is main-
tained in a state movable relative to the receiving portion
23 and the pressing portion 24. However, in the case that
the ball stud 21 intends to rotate relative to the pressing
portion 24, the protruding portion 241 of the hole 24A are
brought into contact with the both ends of the cut-away
portion 21E of the rod portion 21B, which restricts the
rotational range to 180 degrees. Accordingly, unlikely to
the first ball joint 2, the first ball joint 53 can rotate in a
range of 180 degrees about the virtual line 212 radially
extending from the center 211 of the sphere portion 21A
as denoted by an arrow 2E. In other words, the first ball
joint 53 in the second state is smaller in the rotatable
range about the virtual line 212 than the first ball joint 53
in the first state in which a rotation about the virtual line
212 by 360 degrees is permitted.
[0102] An instance where the socket 22 is tightened
such that the first ball joint 53 changes to the third state
is illustrated. Here, the movement of the sphere portion
21A relative to the receiving portion 23 and the pressing
portion 24 is also restricted. Thus, even if a force by a
user acts on the side of the base portion 21C of the ball
stud 21, the rotation of the ball stud 21 in a direction
denoted by the arrow 2E is restricted. Accordingly, the
first ball joint 53 is in an immovable state.
[0103] As described above, in the third modified exam-
ple, by changing the state of the first ball joint 53 to the
second state, the user can make the rotatable range of
the first ball joint 52 smaller than that of the first ball joint
52 in the first state. More specifically, the user can change
the rotatable range of the first ball joint 52 to 180 degrees
by changing the state of the first ball joint 53 to the second
state.
[0104] For example, after changing the state of the first
ball joint 53 to the first state, the user adjusts the position
of the image display device 11 such that the half mirror
14 is disposed in front of the left eye. Then, the user
changes the state of the first ball joint 53 to the second
state. For example, the first ball joint 53 is held in a state
that it rotates to one end of the rotatable range, specifi-
cally, a state that the protruding portion 241 of the hole
24A is brought into contact with one end of the cut-away
portion 21E of the rod portion 21B of the ball stud 21.
Then, the user moves the image display device 11 such
that no image is projected within the field of view. For
example, the first ball joint 53 is held in a state that it
rotates to the other end of the rotatable range, specifi-
cally, a state that the protruding portion 241 of the hole
24A is brought into contact with the other end of the cut-
away portion 21E of the rod portion 21B of the ball stud

21. Here, in the case where the user desires to move the
image display device 11 back to the original position, it
is only required that the user rotates the first ball joint 52
to the one end of the rotatable range. Thus, the user can
more easily move the image display device 11 back to
the original position in comparison with the case that the
rotatable range of a rotation about the virtual line 212 of
the first ball joint 53 is 360 degrees.

<Other modified examples>

[0105] The present disclosure enables various modifi-
cations without being limited to the above described em-
bodiments. In the above description, the first ball joint 2
changes from the first state to the second state to thereby
decrease the number of rotatable axes from "3" to "1". In
contrast thereto, a mechanism in which the first state is
changed to the second state to thereby decrease the
number of translational axes may be utilized in place of
the first ball joint 2. For example, a translation mechanism
in which translation is performed along a plurality of axes
(for example, X axis and Y axis) on an X-Y plane may be
utilized in place of the first ball joint 2. In this case, a state
in which movement along all the plurality of axes is per-
mitted may be regarded as a "first state" while a state in
which movement along any of the plurality of axes is pro-
hibited may be regarded as a "second state". Alterna-
tively, a parallel link mechanism in which two ball joints
are arranged in parallel may be used in place of the first
ball joint 2, for example. In this case, a state in which
rotatable axes of the two ball joints are not restricted may
be regarded as a "first state" while a state in which a
rotatable axis of at least one of the two ball joints is re-
stricted may be regarded as a "second state".
[0106] The first ball joint 52 changes from the first state
to the second state to thereby decrease the number of
positions where it can stop rotating from "non-level" to
"six". In contrast thereto, a mechanism in which the first
state is changed to the second state to thereby decrease
the number of positions where translation can be stopped
may be utilized in place of the first ball joint 52. For ex-
ample, a mechanism that allows the connector 9 to move
in the right and left direction relative to the mounting mem-
ber 8 and be held at any position in the right and left
direction (hereinafter, referred to as a "second mecha-
nism") may be provided in the mounting member 8 in
place of the first ball joint 52. The second mechanism
may allow the connector 9 to be held at non-level in the
right and left direction when being changed to the first
state. Meanwhile, the second mechanism may allow the
connector 9 to be held at any one of a plurality of positions
in the right and left direction when being changed to the
second state. For example, a parallel link mechanism in
which two ball joints are arranged in parallel may be used
in place of the first ball joint 52. The number of positions
where each of the ball joints can stop rotating may be
restricted like the first ball joint 52.
[0107] The first ball joint 53 changes from the first state
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to the second state to thereby decrease the rotatable
range from "360 degrees" to "180 degrees". In contrast
thereto, the first ball joint 53 may change from the first
state to the second state to thereby decrease the trans-
lational range. For example, a mechanism that allows
the connector 9 to move in the right and left direction
relative to the mounting member 8 and to be held at any
position in the right and left direction (hereinafter, referred
to as a "third mechanism") may be provided in the mount-
ing member 8 in place of the first ball joint 52. The third
mechanism may allow the connector 9 to move by a first
distance in the right and left direction when being
changed to the first state. Meanwhile, the second mech-
anism may allow the connector 9 to move by a second
distance smaller than the first distance in the right and
left direction when being changed to the second state.
[0108] In the above description, in the case that the
user changes a state of the first ball joint 2, 51-53 to the
second state to move the image display device 11 such
that no image is projected within the user’s field of view,
the first ball joint 2, 51-53 in this state may be regarded
as the third state. This allows the user to appropriately
fix the image display device 11 in a state that the image
display device 11 is disposed at a position where no im-
age is projected within the user’s field of view. Accord-
ingly, the user can prevent the image display device 11
disposed at a position where no image is projected within
the user’s field of view from being moved back to the
position where an image is projected within the user’s
field of view in accordance with the movement of the first
ball joint 2, 51-53.
[0109] In the above description, after adjusting the po-
sition of the image display device 11 such that the half
mirror 14 is disposed in front of the left eye, the user may
change the state of the second ball joint 3 from the forth
state to the fifth state. Alternatively, an operation of mov-
ing the image display device 11 to a position such that
no image is projected within the field of view or moving
back the image display device 11 to the original position
may be performed by only the first ball joint 2. Thus, the
user can prevent the image display device 11 disposed
at a desired position in front of the eye from being moved.
[0110] In the above description, a plurality of second
ball joints may be provided. For example, the connector
9 may be constructed by an arm provided with a plurality
of movable portions. The image display device 11 may
be connected to a tip end of the arm. In this case, a plu-
rality of movable portions may be utilized in place of the
second ball joint according to the present embodiment.
If the total of the degrees of freedom of the plurality of
movable portions is regarded as the degree of freedom
of the mechanism corresponding to the second ball joint,
the action of the present disclosure can be explained also
in this case. The method of changing the state of the first
ball joint 2 among the first state to the third state is not
limited to a method of adjusting a degree the socket 22
is tightened as described above.

<Others>

[0111] The image display device 11 is one example of
a "display unit" according to the present disclosure. The
mounting member 8 is one example of a "fixed unit" ac-
cording to the present disclosure. The first ball joint 2 is
one example of a "first adjustment unit" according to the
present disclosure. The second ball joint 3 is one example
of a "second adjustment unit" according to the present
disclosure. The socket 22 of the first ball joint 2 is one
example of a "degree-of-freedom changing unit" accord-
ing to the present disclosure. The receiving portion 23 is
one example of a "guide member" according to the
present disclosure. The ball stud 21 is one example of a
"moving member" according to the present disclosure.
The pressing portion 24 is one example of a "pressing
member" according to the present disclosure. The wall
portion 221 of the socket 22 is one example of a "restric-
tion member" according to the present disclosure.

[Description of Reference Numerals]

[0112]

1 HMD
2, 51,52, 53 First ball joint
3 Second ball joint
8 Mounting member
9 Connector
11 Image display device
22 Socket
32 Socket
32A Hole
33 Receiving portion
33B Concave portion
34 Pressing portion
34A Opening
34B Step portion

Claims

1. A head-mounted display comprising:

a display unit that displays an image;
a fixed unit that is to be fixed on a head of a user;
an adjustment unit that is able to move and hold
a position of the display unit relative to the fixed
unit, the adjustment unit being provided with a
first adjustment unit that is able to move a posi-
tion of the display unit relative to the fixed unit
with a first degree of freedom or a third degree
of freedom smaller than the first degree of free-
dom and then hold the position of the display
unit, and with a second adjustment unit that is
able to move a position of the display unit relative
to the fixed unit with a second degree of freedom
and then hold the position of the display unit; and
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a degree-of-freedom changing unit that is able
to selectively change a degree of freedom of the
first adjustment unit between the first degree of
freedom and the third degree of freedom.

2. The head mounted-display according to claim 1,
wherein the number of translational or rotatable axes
of the third degree of freedom is smaller than that of
the first degree of freedom.

3. The head mounted-display according to claim 1 or
2, wherein a translational or rotatable range of the
third degree of freedom is smaller than that of the
first degree of freedom.

4. The head mounted-display according to any one of
claims 1 to 3, wherein the number of positions where
translation or rotation is stoppable for the third de-
gree of freedom is smaller than that for the first de-
gree of freedom.

5. The head mounted-display according to any one of
claims 1 to 4, wherein the first adjustment unit in-
cludes:

a guide member;
a moving member that is brought into contact
with the guide member and is slidable in a pre-
determined direction; and
a pressing member that presses the moving
member against the guide member and brings
the moving member into contact with the guide
member,
wherein the degree-of-freedom changing unit in-
cludes a restriction member that is able to re-
strict movement of the pressing member relative
to the guide member, and
the restriction member imposes a restriction
such that a position of the pressing member rel-
ative to the guide member is movable in the pre-
determined direction in a state that the degree
of freedom of the first adjustment unit is the first
degree of freedom, and that a position of the
pressing member relative to the guide member
is fixed in a state that the degree of freedom of
the first adjustment unit is the third degree of
freedom.

6. The head mounted-display according to claim 5,
wherein a first frictional force between the restriction
member and the pressing member is larger than a
second frictional force between the moving member,
and the guide member and the pressing member in
a state that the degree of freedom of the first adjust-
ment unit is changed to the third degree of freedom
by the degree-of-freedom changing unit.

7. The head mounted-display according to claim 5 or

6, wherein a range in which the moving member is
relatively movable relative to the guide member is
larger than a range in which the moving member is
relatively movable relative to the pressing member.

8. The head mounted-display according to any one of
claims 5 to 7, wherein the number of positions where
the moving member is relatively movable and stop-
pable relative to the guide member is larger than the
number of positions where the moving member is
relatively movable and stoppable relative to the
pressing member.

9. The head mounted-display according to any one of
claims 1 to 8, wherein the first adjustment unit moves,
in addition to the display unit, a position of the second
adjustment unit relative to the fixed unit with the first
degree of freedom or the third degree of freedom.

10. The head mounted-display according to any one of
claims 1 to 9, wherein the third degree of freedom is
smaller than the second degree of freedom.

11. The head mounted-display according to any one of
claims 1 to 10, wherein the first adjustment unit is a
ball joint.
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