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HEAD MOUNTED DISPLAY FOR MINIATURE
VIDEO DISPLAY SYSTEM

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 07/078,295, filed July 27, 1987,
now U.S. Pat. No. 4,934,773, and U.S. patent applica-
tion Ser. No. 07/200,645, filed May 31, 1988, now U.S.
Pat. No. 4,902,083.

FIELD OF THE INVENTION

The present invention relates to portable visual dis-
play systems and, in particular, to head-mounted dis-
plays which allow a miniature visual display system to
be held on the head of a viewer so as to place display
within the viewer s field of vision.

BACKGROUND OF THE INVENTION

There are many head-mounted visual display devices
currently in existence. The majority of these devices
have been developed for use in conjunction with mili-
tary applications. For example, U.S. Pat. Nos.
3,059,519; 3,205,303; 3,383,300; 3,870,405; 3,923,370;
4,040,744; 4,081,209; 4,156,292 and Re. 28,847 all dis-
close “heads up” display devices for military applica-
tions in which reflective devices attached to a user’s
helmet display imaqes which are generated by a small
cathode ray tube (CRT) Due to the presence cf a rela-
tively large CRT, the majority of the devices disclosed
in the above-listed patents are bulky and difficult t6 use
even in military applications where a helmet is com-
monly worn and user movement is often restricted.
Such designs have no practical value for consumer
applications where the user environment is not as re-
stricted.

Relatively little innovation has been made in the way
of consumer head-mounted video displays. U.S. Pat.
No. 4,026,641 discloses a CRT generated head display,
similar to the above mentioned patent, which suffers
from the same limitations, namely impractical, bulky
design. More recently, U.S. Pat. No. 4,636,866 discloses
a personal liquid crystal display (LCD), device in which
remotely qenerated video signals are projected via
LCD screens positioned in front of the user’s eyes in a
helmet-visor configuration The above device uses a
light-transmissive LCD screen fixed within the helmet-
visor structure. The helmet is necessary in order to
reduce ambient light which would make the LCD dis-
play difficult or impossible to observe, but the helmet
completely restricts the user s field of vision to the
images projected on to the LCD screen, leaving the
user effectively blind to the outside environment. This
limitation is unacceptable for most business, medical,
industrial and consumer applications and appears suited
for only purely entertainment purposes.

From the above discussion, it appears that the size
and nature of the display used to present information to
the user is directly related to the practicality and useful
applications of a head-mounted display device. Thus
far, CRT and LCD devices have proven to have limited
applicability to head-mounted devices.

1t is therefore an object of the present invention to
provide a head-mounted display device which uses
display technology which can be implemented in a
compact space-efficient manner so as not to occupy a
majority of the user s field of vision.

It is a further object of the present invention to pro-
vide a head-mounted display device that provides a
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high quality, high resolution display of visual informa-
tion and is suitable for a broad range of consumer, in-
dustrial, business, medical and military application.

It is still a further object of the present invention to
provide a head-mounted display device which can be
easily adjusted by the user to occupy all or part of the
user’s field of view according to individual preference.

It is yet a further object of the present invention to
provide a head-mounted display device that is easily
retractable from the viewer’s field of vision and which
can be conveniently positioned in front of either of the
viewer’s eyes.

It is a further object of the present invention to pro-
vide a head-mounted display which may be used while
wearing eyeglasses.

It is another object of the present invention to pro-
vide a head-mounted display device that not only dis-
plays visual information but is capable of sending and
receiving audio signals.

SUMMARY OF THE INVENTION

According to the present invention, a head-mounted
display for presentation of video information is pro-
vided that comprises a virtual raster visual display unit,
an attachment mechanism to secure the display unit to
head of the user within the user’s field of vision, a re-
mote electronics pack which provides power, display
information, timing and control signals for the display
system.

The display unit of the present invention is an electro-
mechanical scanning system in which a line of light-
emitting devices is modulated with the information to
be displayed. The illuminated line is converted into a
raster by means of an oscillating mirror thereby gener-
ating a virtual raster image. These latter devices have
the advantage that a full “page” display can be created
from a much smaller number of light-emitting devices
than is necessary to generate a normal full page real
image.

In one embodiment of the present invention, the ele-
ments of the above-described display system are housed
in a light-tight box which is attached to a rigid support
member by a ball joint or a hinged joint. The rigid
support member is pivotally secured to a head attach-
ment with an extendible ball joint. The head attachment
is comprised of a semi-rigid U-shaped member which
clasps the ides and back of the head. An adjustable strap
is pivotally attached to each side of the U-shaped mem-
ber and the strap traverses the top of the viewer’s head
to further secure the head attachment. Provisions are
further provided for extending the active length of the
rigid support member to accommodate varying head
sizes.

This latter arrangement allows the viewer to adjust
the position of the display within his field of vision to
suit his individual preference and, further, the arrange-
ment allows the user to easily move the display out of
the field of vision when he does not desire to view the
display. This latter arrangement further allows the dis-
play to be used by persons who may be wearing eye-
glasses. Such an arrangement also allows the display to
be repositioned if, in addition to viewing the display, the
viewer must perform some other task which requires
depth perception. In this case, the viewer may position
the display slightly below his normal line of sight, in
approximately the same location that a bifocal lens
would be located. Then the viewer can either look
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down to see the display or look up and over the display
to concentrate on the alternative task.

In some embodiments, the support member, display
and head attachment are symmetrical and the viewer
may switch the display from eye to eye by merely rotat-
ing the apparatus 180°, and readjusting the strap and
support member angular positions. In other embodi-
ments, the support and display are symmetrical, but the
head attachment is not. In this latter case, the head
attachment has a releasable mounting mechanism which
allows the support to be removed from one side of the
head attachment and reattached on the other side In
either case, a switch is provided for electronically in-
verting the virtual imaqges of the display system so as to
prevent the imaqes from appearing inverted when the
support member is changed from one side of the view-
er’s head to the other.

In some embodiments, the remote signal source
which may be a computer, pocket calculator or a radio
wave transmitter, and which provides power; timing
and driving signals necessary for driving the display,
and a source of video display information is housed
remotely in a small compact unit which may be at-
tached to the user’s belt or waist and which connects to
the display system through a conventional electric cable
running from the remote signal unit to the end of the
support member. In other embodiments, the signal
source may be housed in the display box.

In some embodiments, the display system includes
means for adjusting the brightness of the light-emitting
devices in the scanning system. This may be performed
manually in accordance with the user’s preference by
means of an intensity adjustment on either the display
system housing, supporting member or remote signal
unit. Alternatively, the brightness adjustment may be
performed in accordance with a measurement of ambi-
ent light of the user’s environment, which measurement
is made by means of a photoelectric cell and supporting
circuitry.

In another embodiment of the present invention, the
display system housing and support member is directly
attachable to the conventional motorcycle or pilot’s
helmet. One end of the support member is pivotally
attached to a side wall of the helmet. In this embodi-
ment, the support arm is detachable allowing the posi-
tioning of the display system on either side of the helmet
The remote signal generating circuitry may again be
housed in a compact unit which is attachable to the belit
of a user and which connects to the display system via
a conventional electrical cable. The remote signal
means may also be housed within the helmet structure
itself if a custom-designed helmet is available. R

In yet another embodiment of the present invention,
the head attachment means secured to the user’s head
comprises the user’s eyeglasses In this embodiment, the
rigid support member attaches directly to the user’s
eyeglass frames or the support member may be elimi-
nated completely and the display system housing at-
tached directly over the one lens of the viewer’s eye-
glasses. The remote signal circuitry in this embodiment
is again housed in a compact unit which is attached to
the user’s belt or waist.

In another embodiment of the present invention, a
head-mounted display system is constructed for view-
ing three-dimensional information. In this embodiment,
two display systems and two rigid support arms are
positioned on either side of the viewer’s head and ad-
justably connected to form a unit that is similar to a
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conventional eyeqlass frame. An adjustable joint be-
tween the two display units allows precise positioning
of the displays in front of each eye. In this case, the
remote signal source which supplies the display systems
with power timing and drive signals is constructed to
supply stereoscopically formatted video information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 3 illustrate preferred embodiments of the
present invention, with the display system and support
member attached to the left side of the user’s head.

FIG. 2 is a perspective view of miniature visual dis-
play apparatus which, is suitable for use in the inventive
head-mounted display.

FIG. 4 illustrates another embodiment of the present
invention in which the head attachment means of FIG.
1 has been replaced by a conventional helmet-like struc-
ture.

FIG. 5 illustrates another embodiment of the present
invention in which the head attachment means of FIG.
1 has been replaced by a pair of conventional eye-
glasses.

FIG. 6 illustrates another embodiment of the present
invention in which the support member and head at-
tachment means of FIG. 1 has been replaced by a pair of
conventional eyeglasses.

FIG. 7 illustrates another embodiment of the present
invention which enables three dimensional viewing
through the use of two individual display systems.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawing and, in particular, to FIG. 1,
a head-mounted display 8A 'is positioned about user’s
head 6 in accordance with one preferred embodiment of
the present invention. The elements of the miniature
video display system not shown in FIG. 1 are housed in
light-tight box 10A. Light-tight box 10A completely
surrounds the elements of the miniature video display
system preventing ambient light from the user’s envi-
ronment from permeating the box housing except for a
single opening (not shown) from which the virtual
images produced by the system can be viewed. In the
preferred embodiment, box 10A is designed to be rela-
tively small. For example, in one illustrative embodi-
ment, the box would be approximately 1” by 3" by 1}".
The opening through which the imaqges is viewed is
square with sides measuring approximately 2".

Box 10A is attached to support member 12A by a
hinge joint 16. Hinge joint 16 is made of either metal or
plastic, and incorporates a friction device to hold the
hinge in position. Hinge joint 16 pivots around a sub-
stantially vertical axis allowing box 10z to be moved
relative to the viewer’s eye according to his preference.
Hinge joint 16 is covered by a stretchable material, such
as corrugated rubber or plastic, which accommodates
the hinge motion.

Support member 12A includes a hinge joint 18A.
Support member 12A attaches to hinge joint 16, at the
wide end of support member 12A. The end of support
member 12A is connected to the main body of support
member 12A by hinge joint 18A. Hinge joint 18A is
identical in structure to hinge joint 16 Hinge joint 18A
pivots about a horizontal axis which is substantially
parallel to box 10A thereby allowing the angular loca-
tion of box 10A to be adjusted according to user prefer-
ence.















