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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.
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In a preferred embodiment, support member 12A is
made of a durable material such as injection molded
plastic and contains a hollow portion for housing an
electrical or fiber optic cable 32 which carries the drive,
power, timing and information signals from the remote
signal source to the display system. The narrow end of
support member 12A is secured to head attachment 24A
by a ball joint 20A.

In a preferred embodiment, the narrow end of sup-
port member 12A is inserted into a vertical hole in ball
joint 20A. Ball joint 20A, in conjunction with joint base
22A, allows motion of support member 12A, about a
vertical and a horizontal axis through ball joint 20A and
further ailows adjustment of the active length of sup-
port member 12A. These motions allow the box 10A to
be placed within the user’s field of vision according to
individual preference. Ball joint 20A further allows
support member 12A and box 104, to be moved out of
the user’s field of vision while remaining attached to
head display 8A.

Head attachment 24A has a symmetrical design al-
lowing the viewer to vary which eye the system is
positioned in front of by inverting head display 8A and
readjusting strap 26A and support member 12A accord-
ingly. A switch 22A is further provided for electroni-
cally inverting the image produced by the display sys-
tem to prevent the imaqes from appearing inverted
when the head display 8A is inverted and support mem-
ber 12A is positioned on the opposite side of user’s head
6. A focusing means 11A integrated within box 104, is
further provided.

Head attachment 24A is a semi-rigid U-shaped ele-
ment which fits around the back and sides of the user’s
head 6. Integral within head attachment 24A is joint
base 22A where pivotal joint 20A is attached. Head
attachment 24A is terminated at both U-shaped ends by
cushions 28 and 30 which are covered with a soft pad-
ding or spongy material. In a preferred embodiment
cushions 28 and 30 are slightly curved to firmly clasp
the perimeter of the user’s forchead. In a preferred
embodiment, head attachment 24A is made of a semi-
rigid material such as plastic. A strap 26A which is
attached to either side of head attachment 24A and
traverses the top of the user’s head 6 to further secure
head display 8A. Strap 26A is preferably made of a soft
flexible material which can be comfortably worn for
extended periods.

FIG. 2 of the drawing shows a iilustrative embodi-
ment of a miniature display device which can be in-
cluded in box 10 to develop a raster images for the
display of information The miniature display device is
of the type described in detail in copending U.S. patent
application entitied Miniature Video Display System,
filed on July 27, 1987 under Ser. No. 078,295 and as-
signed to the same assignee as the present invention
(now U.S. Pat. No. 4,934,773) and allowed U S. patent
application Ser. No. 07/200,645 (now U.S. Pat. No.
4,902,083) entitled Low Vibration Resonant Scanning
Unit for Miniature Optical Display Apparatus filed on an
even date herewith and assigned to the same assignee as
the present invention. The operation and construction
of the display device is discussed in detail in those appli-
cations, both of which are hereby incorporated by ref-
erence, and will not be repeated in detail herein for
clarity. The display device consists of a base 40 on
which the various optical components which comprise
the display are mounted. At one end of base 40 is
mounted the header block 45 in which an array of light-

—

0

20

25

40

45

60

65

6

emitting devices 50 (such as light-emitting diodes) is
attached. Generally, such an array may be a linear array
comprising two rows of devices which are staggered in
order to compensate for gaps between the devices. The
devices are covered by a clear cover plate 60.

Light emitted from devices 50 is projected via mirror
70 by means of an optical system which consists of
housing 80 in which are mounted lenses 90 and 100. In
accordance with the principles set forth in the afore-
mentioned U.S. patent application Ser. No. 078,295, the
lens system projects an enlarged virtual image of array
50 via mirror 70.

As described in the above-described patent applica-
tions, mirror 70 is oscillated by an electromechanical
drive motor (not shown). The oscillation of mirror 70,
in turn, creates a raster imaqes from linear array 50.

From the above discussion, head display 8A provides
a means in which the user can comfortably and conve-
niently view visual information without having to repo-
sition his head or sacrifice a majority of his field vision.
Head display 8A further provides a means for moving
the display system to and from the user’s field of vision
when desired.

A second embodiment as shown in FIG. 3 is substan-
tially similar to the first embodiment shown in FIG. 1.
Hinged joints 16 and 18A are replaced by ball joint 19.
In the current embodiment, the head attachment means
24B is comprised of a semi-rigid headband which is
connected to headband ends 25 and flexible strap 26B.
Headband ends 25 include means (not shown) for ad-
justing the length of flexible strap 26B. Head attach-
ment means 24B includes provisions on the other side of -
head display 8B (not shown) for mounting ball joint 20B
and support member 12B to allow positioning of the
display system in front of either of the user’s eyes.

In a third embodiment of the present invention, as
shown in FIG. 4, the head attachment means for the
first two embodiments has been completely replaced by
a conventional helmet 7, similar to a pilot’s helmet or a
motorcycle helmet, or even a child’s toy helmet or mask
device. In this embodiment, box 10C is attached to
support member 12C via hinged joint 18C. Support
member 12C is attached to helmet 7 by pivotal joint 20C
and anchoring mounting 22C. With this embodiment, a
viewer’s existing helmet can be modified easily for use
with the present invention. As in the other embodi-
ments, electrical cable 32 connects the head display 8C
with the remote signal source 34. In a slight variation of
the present embodiment, the remote signal means can be
integrated directly into helmet 7.

In a fourth embodiment of the present invention as
shown in FIG. 5 box 10D is attached to a conventional
pair of eye glasses 36. Box 10D is connected to support
member 12D via hinged joint 18D. Support member
12D attaches to one side of eyeglasses 36 via bracket 35.
A semi-rigid clipping device 37D further attaches near
the bridge of the nose of eye glasses 36 to further secure
head display 8D in position.

In a fifth embodiment of the present invention which
is similar to the fourth embodiment, as shown in FIG. 6,
box 10E attaches directly to a pair of eye glasses 36. A
clipping mechanism 37E secures box 10E directly
against one lens of eyeglasses 36.

In a sixth embodiment, as shown in FIG. 7, two dis-
play systems are utilized for viewing information that is
presented in a three-dimensional format. In this embodi-
ment, two display systems housed in boxes 10F and 10G
are attached and adjustably connected by extension
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joint 9. Extension joint 9 allows the display systems and
the resulting virtual imagqes to be precisely positioned in
front of the viewer’s eye pupils, allowing the viewer to
take full advantage of the three-dimensional data which
is displayed on the two display systems. In this embodi-
ment, box 10F is connected to support member 12F by
hinged joint 18F. Head attachment means 24F is similar
in structure to head attachment means 24B of the sec-
ond embodiment in FIG. 3. A pivotal joint 20F attaches
support member 12F to attachment means 24F. As with
the other embodiments, the remote signal source 34 is
attached to head display 8F through electric cable 32.

In other embodiments (not shown) an audio receiver
and/or transmitters may be integrated into remote sig-
nal source 34 with headphones and a microphone at-
tached to head display 8 enabling the user to send and
receive audio information or with a video receiver to
receive remotely broadcast video information.

While the invention has been shown and described
above with respect to various preferred embodiments, it
will be apparent that the foregoing and other changes of
form and detail may be made therein by one skilled in
the art without departing from the spirit and scope of
the invention

What is claimed is:

1. A head-mounted visual display system comprising:

a number of independently illuminated light-emitting

elements; .

imaging optics for creating an enlarged virtual image

of said light-emitting elements;

a mirror in which the reflection of said enlarged vir-

tual image can be observed;

means for repetitively moving said mirror through a

predetermined range of movement to create a two-
dimensional raster image of said reflection, said
raster image being comprised of a number of pic-
ture elements, said-flumber of picture elements
being greater than said number of light-emitting
elements;

means for selectively illuminating said light-emitting

elements;
attachment means secured to the head of a user:
support means connected to said attachment means
and said display system for supporting said display
system within said user’s field of vision; and

remote signal means connected to said display system
for providing data necessary to drive said display
system.

2. The head-mounted display of claim 1 wherein said
light-emitting elements are aligned in a substantially
one-dimensional array.

3. The head-mounted display of claim 1 wherein said
support means include a means for adjusting the bright-
ness of said light-emitting elements of said display sys-
tem.

4. The head-mounted display of claim 3 wherein said
means for adjusting the brightness comprises a photoe-
lectric cell and support circuitry for sensing the ambient
light of the user’s environment and adjusting said
brightness accordingly.

5. The head-mounted display of claim 1 wherein said
support means includes means for adjusting the display-
to-eye position according to user preference.

6. The head-mounted display of claim 1 wherein said
support means includes a means for adding an additional
external focus correction lens within the eye to-display
distance.
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7. The head-mounted display of claim 1 wherein said
support means is attachable on either side of said attach-
ment means enabling said display system to be posi-
tioned in front of either of user’s eyes.

8. The head-memory display of claim 1 wherein said
head attachment means inciudes means for inverting the
virtual image produced by said display system to permit
viewing of the virtual image when the display system is
repositioned from one of a user’s eyes to another.

9. The head-mounted display of claim 1 wherein said
support means includes means for retracting said dis-
play system from user’s line of sight, while said display
system remains attached to said support means.

10. The support means of claim 9 wherein a pivotal
joint connects said support means to said attachment
means -thereby allowing said support means and said
display system to be displaced vertically out of user’s
line of sight.

11. The head-mounted display of claim 1 wherein all
or part of said attachment means is comprised of user’s
eye glasses.

12. The attachment means of claim 11 wherein users
prescription lenses can be integrated into said attach-
ment means.

13. The head-mounted display of claim 1 wherein said
attachment means comprises at least one strap posi-
tioned across the top or back of user’s head.

14. The head-mounted display of claim 1 wherein said
attachment means comprises a flexible headband fixable
around the perimeter of said users head.

15. The head-mounted display of claim 1 wherein said
attachment means comprises a cap or hat like structure
fixable about the top of the user’s head.

16. The head-mounted display of claim 1 wherein said
attachment means comprises a conventional helmet like
structure.

17. The head mounted display of claim 1 wherein said
attachment means comprises a mask like structure.

18. The head-mounted display of claim 1 wherein said
attachment means comprises safety goggles or glasses as
used in an industrial application.

19. The head-mounted display of claim 1 wherein said
remote signal source is coupled to said display system
by an electrical or fiber optic cable.

20. The head-mounted display of claim 1 wherein said
remote signal source is connected to said display system
by a radio wave transmitter/receiver configuration,
said transmitter located in said remote signal source,
said receiver attached to said display system.

21. The head-mounted display device of claim 1
wherein said remote signal source is coupled to said
display system by means of an optical data transmission
link.

22. The head-mounted display device of claim 1
wherein said source of display information comprises a
pocket calculator or computer.

23. The head-mounted display device of claim 1
wherein said source of display information comprises a
video receiving device for receiving remotely gener-
ated display information from a television or video
transmitter.

24. The head-mounted display device of claim 1
wherein said remote signal source further comprises an
audio receiver and earphones for transmitting audio
signal to the user.

25. The head-mounted display device of claim 1
wherein said remote signal means further comprises a
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microphone and audio transmission means for transmit-
ting audio signals generated by the user.

26. The head-mounted display device of claim 1
wherein said remote signal means is attachable to the
belt of the user.

27. The head-mounted display device of claim 1
wherein said remote signal means is secured to or inte-
grated within said attachment means.

28. The head-mounted display of claim 1 wherein said
support means is adjustably connected to said attach-
ment means so as to enable positioning of said display
system in front of either of viewer’s eyes by reposition-
ing said support means.

29. The head-mounted display device of claim 1
wherein said attachment means, said support means,
said remote signal means and said display systems are
integrated into a child’s toy mask or helmet device.

30. A head-mounted binocular visual display system
comprising:

a pair of display systems, each of said display systems

comprising:

a number of independently-illuminated light-emitting

elements;

imaging optics for creating an enlarged virtual image

of said light-emitting elements;

a mirror in which the reflection of said enlarged vir-

tual image can be observed;

means for repetitively moving said mirror through a

predetermined range of movement to create a two-
dimensional raster image of said reflection, said
raster image being comprised of a number of pic-
ture elements, said number of picture elements
being greater than said number of light-emitting
elements; and
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means for selectively illuminating said light-emitting -
elements;

attachment means secured to the head of a user;

support means, attached to said display systems, and

further attached to said attachment means for sup-
porting said display systems in front of viewer’s
eyes;
means for horizontally aligning said display systems
to achieve the desired inter-pupilary distance for
binocular viewing; and '

remote signal means connected to said display sys-
tems for providing a source of video display infor-
mation.

31. The head-mounted binocular visual display sys-
tem of claim 30 wherein the light-emitting elements of
each of said

lay systems are aligned in a substantially one-

dimensional array.

32. The head-mounted visual display system of claim
1 wherein said light-emitting elements are light-emitting
diodes.

33. The head-mounted display system of claim 1
wherein said support means includes a light-tight box
connected integrally with said support means for hous-
ing said light-emitting elements, said imaging optics and
said mirror of said display system.

34. The head-mounted binocular visual display sys-
tem of claim 30 wherein said light-emitting elements are
light-emitting diodes.

35. The head-mounted binocular visual display sys-
tem of claim 30 wherein the raster image created by a
first of said display systems is different from the raster
image created by the second of said display systems

creating the illusion of three-dimensional viewing.
* * * *® *



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,003,300

DATED ! March 26, 1991
INVENTOR(S) :  Wells

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Col. 8, line 5 - change "head-memory" to --head-mounted--.
Col. 9, line 2 - change "generated" to --generated--.

Col. 10, line 17 - change "lay" to -~display--.

Signed and Sealed this
Thirteenth Day of October, 1992

Attest:

DOUGLAS B. COMER

Attesting Officer Acting Commissioner of Patents and Trademarks




