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[57] ABSTRACT

A mechanical scanning dual-image display device uti-
lizes two separate scanning mirror mechanisms with a
common control that forces the scanning mirrors to
move in opposition, and substantially cancel reaction
forces. This cancellation is accomplished by providing
each of the mirrors with an individual drive mechanism,
commonly controlling the two drive mechanisms and
arranging the geometry of each display so that the reac-
tion forces acting on the overall display as a result of the
mirror motion cancel. In a second embodiment, vibra-
tions are reduced by driving both mirror assemblies
from a common source. More specifically, both mirrors
are oscillated by an eccentric and linkage mechanism
driven by a common motor.

25 Claims, 17 Drawing Sheets

11 5
18 5 4
9 3
24 . 2
25 20 Z’ ! . 1
10 14
o 13 2%
22 15
]
N-12
\\28
)
—9
%
21




U.S. Patent

18
o
24 :
25 20
" 17
2 13
12

Aug. 2, 1994

Sheet 1 of 17

23

22

FIG. 1

~—9

5,334,991




U.S. Patent Aug. 2, 1994 Sheet 2 of 17 5,334,991




U.S. Patent Aug. 2, 1994 Sheet 3 of 17 5,334,991

I T l/40 T 7Y
N AN /AN '
| VYN \ o
S Ll 50 U I N R RN T -
\ /N X l I | I \\ \\
\ AR | \ W
\ P ///"K/ [ || II L \\\ p,
VN Al L SR
'l&l 5
y 42 44 5
18 4 A
6
(]
43 45 ‘/f
21 ' 23

e ————
pneen—sor
——

—
———
———

-————.J—-—'—-—-\—-— B

|




U.S. Patent Aug, 2, 1994 Sheet 4 of 17 5,334,991

FIG. 5

18




U.S. Patent Aug. 2, 1994 Sheet 5 of 17 5,334,991

/40
- | o 64
68 NII s ll,/ | \szl’l
I(\(.\\ || X\ ||
\ 72 )} g 7’ l
Q ll -.r"-—é > 4 ’/ 9 ,
§§ Il 4 ¢ // )/ ll
NN N Iy, 55 |
1:\\ A\
N 8
8 ‘| 42
\K/ | \ \ || 43
N i \§ l|
L \ I
23‘.&Lﬁ DN\ Q FlG. 6
[ 1\ N
5‘0 53
AN
P
” ’ l -
W 51
!
V4 < | _}— 40
Ill ( lllj
a ) !
! 57
ll 8 "48
II 46



U.S. Patent Aug. 2, 1994 Sheet 6 of 17 5,334,991

QA\ SO

SOTHATATETATATAS




U.S. Patent Aug. 2, 1994 Sheet 7 of 17 5,334,991

[—9g

55

FIG. 10

1116
1118\ (
| 1106 1104 |

1100




Sheet 8 of 17 5,334,991

Aug. 2, 1994

U.S. Patent

Ozl 'Old | e T

141

—— i o— Y e [ —

_

||

| f:«-
|

||
ML

dcl Old 11

_
_
_
_
_
_

NOLLO3HIA + NI SONIMS
HOUHIN SV JOVNI AV1dIa

HOHHIN 1437 HOd
HOLOW Ol LN3HHND 3AIHA

HOHHIN 1431
WOHH TYNDIS HOSN3ISOL1OHd

HOHHIW 143740
NOILISOd HYINONV



Sheet 9 of 17 5,334,991

Aug. 2, 1994

U.S. Patent

421 Ol | s

dcl "Old

_
_
[
_

NOILLD3HIA + NI SONIMS

dclt Dl 7

HOHHIN 1HOIH HOd
HOLOW OL LN3HHND FAIHA

HOHHIN LHOY
WO TVNDIS HOSNISOLOHd

HOHHIN LHOIH 40
NOLLISOd HVINONY



Ang. 2, 1994 Sheet 10 of 17 5,334,991

U.S. Patent

OEL 'Ol | momam

=

<<

gacl ol J

_

VEL Old
NOLLOTHIA + NI SONIMS |

HOHHIN SY AOVNI AV1dSia

@
————ﬂ.___.__P

HOHHIW 1437 HO4
HOLOW O1 LN3HHND JAIHA

HOHHIN 1437
WNOHd TYNDIS
HOSN3SOLOHd

HOHHIN 1431 40
NOILLISOd HYINONY



Aug. 2, 1994 Sheet 11 of 17 5,334,991

U.S. Patent

€1 "OId } s

d€1 ‘Ol -

NOLLO3HIA + NI SONIMS
HOHHIWN SV IDVNI AV1dSIA

| -

1

HOHHIN 1HOIH HO4
HOLOW Ol LN3HHND 3AIHA

HOUHIN 1HOH-
WOH TYNDIS HOSNISOLOHd

HOHHIN 1HOMH 40
NOILLISOd HVINONV



Aug. 2, 1994 Sheet 12 of 17 5,334,991

U.S. Patent

vi Old

HOSS3IOOHJOHDIIN NI ALNINWATdNI

2TVh~
| ss00°3s
S00° /
NIVD doo1_ eVt
39N3H3441d 3ANLINdNY
144N
1" ﬂuc J
NIVD 4001 L2Vl
WNS 3anLITdNY

HOHHI IONIHI4dIA
Ianlinidwy / +

—-———

) -
6LVl
8LyL

HOHH3 NNS

aanlridny / 7+

L

X
9ivi

< (3anLITdNV S13S)

_sovi~, WILSAS TVOISAHd
vevl- ]
, HOLOW 1
HOLVHINID DNINIL 4O | q ol 43 n__w_% Hod
351nd .3NNL. )
_ vEDL FOHNOS LN3IHHUND
0EY L
TN
_ HOLOW LHOIY HO4
HOLVHINIO ONINLL 40 . HaMHa
3s1nd JAIHA I
zepL | 3OUNOS LNIHHND
8Zy L
| zovL-’
. N _
3ANLITdNVY HOHHIN |
1431 3LNdNOD SHOSNISOLOHd |
_ anv
_
FANUTANY HOUUIN |, _—— | SHANNVOS HOUuIN KL
Treu| LMo 31ndwod [Tgg\,l —— Loy

WNNS TVNINON

oLyL- _




U.S. Patent Aug. 2, 1994 Sheet 13 of 17 5,334,991

—100

18~ |l | |l . |' | Il || : || | lll 6
PN



U.S. Patent Aug, 2, 1994 Sheet 14 of 17 5,334,991

120 ““ |” 120
|
’JHETHL i 100
132 H 1 130

l ‘|l' | i 124 i —m
lllll 'llr 122 - 'Ill' J'I'

o oSS m b 102 o
s | IV J
ll 1 I {
|| " |II -ll' /lllll ||I |Ill ll

=1 ! t
i ! ,’ql [ i :
/ / \ \
108 112 150 106
116
120 100
{
110 \ Illll 'l" ]Il @
: ST \
|| ; :,' 'f' 118
| - ||' |Il 122
‘ | 'n' L] 102
-1k [ ! ?l
- 4 !
I|| l|| 1})4 112
e : ll' ll"
{ )
6



Sheet 15 of 17 5,334,991

Aug. 2, 1994

U.S. Patent

FIG. 19



U.S. Patent Aug. 2, 1994 Sheet 16 of 17 5,334,991




Sheet 17 of 17 5,334,991

Aug. 2, 1994

U.S. Patent

§S3HAAVY <~

v
. oLz
. —.N mv_ll._ 3SOH viva <5
. TOHINOD <75
9012 MO7Td 40 NoILO3HIa
STLVOIONI MOHHY <—
2 fa{v
8012~ 2012
i _
\ > o) N M >
HOSS3o0Hd ' _JuoLvuanao| o : . ,
ouoln [*~"> onimiL N auv < »| Wvy
oLLe - v v >
1 24%4 a
_ A - 0242 gyg1/
J\ —if t
oviz 4P viLe q—p-2h12 mw,—« 1a
) )
o \\n r 4 - n
Y
« ~92
N g
aal




5,334,991

1
DUAL IMAGE HEAD-MOUNTED DISPLAY

FIELD OF THE INVENTION

This invention relates to head-mounted or helmet-
mounted displays which simultaneously present an
image to each eye of the viewer. More particularly, the
invention relates to displays which use miniaturized
scanning optics to create two raster-scan displays.

BACKGROUND OF THE INVENTION

There are many uses of for head-mounted visual dis-
play devices. In the past most of these uses have been
military where a typical use is a helmet-mounted dis-
play. Many of these military devices display an image
for only one eye and superimpose the display over a live
background so that the user looks “through” the dis-
play. Other “dual image” devices simultaneously dis-
play two images, one for each eye. Such conventional
military devices are mounted on the helmet which is
commonly worn in military applications and allow the
user to fly aircraft or operate equipment while receiving
information from the display.

Recently, other applications for dual image displays
have arisen. These newer applications include “virtual
reality” displays in which the displays are not tran-
sparent—instead, the images generated by the displays
are substituted for the live image. Such displays may be
combined with head position sensors so that the images
presented to the user change as the user moves his head.
Virtual reality displays allow a computer which con-
trols the displays to effectively control a user’s visual
environment.

Both conventional military displays and prior art

2

carry the image to the helmet for display. In addition to
the drawbacks discussed above, the high cost of coher-

_ ent fiber bundles has limited the use of this latter type of
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virtual reality displays have used one of several types of 35

prior art technologies. One type of “conventional” hel-
met-mounted dual-image display uses a pair of conven-
tional cathode ray tubes (CRTs) to generate the two
images. Generally, the CRTs are mounted on the user’s
helmet, and an optical system allows the wearer to see
a magnified image of the CRT image by projecting the
image onto the inside surface of the helmet visor. In
order to attain reasonable resolution, it has been neces-
sary to use miniaturized high-resolution CRT tubes
which have been heretofore so expensive that their use
has been limited to military applications. In addition,
such displays are often bulky and heavy, causing neck
fatigue, and place high voltages and powerful magnetic
fields close to the user’s head.

Other conventional head-mounted displays use liquid
crystal displays (LCDs) passive matrix LLCD panels or
other flat panels. These latter displays are conceptually
similar to the CRT based devices, but use one or two
flat panel displays instead of CRTs to generate the vi-
sual images. These flat panel displays have an advantage
over CRT displays in that they are generally light-
weight and inexpensive making them suitable for uses
such as consumer-oriented virtual reality displays.
However, they suffer from additional drawbacks. In
general, presently available flat panel displays generate
poor quality images when compared to CRT displays.
In addition, passive matrix LCD panels suffer from long
image persistence, so that quickly-moving images are
perceived as badly blurred.

Another conventional type of dual-image head-
mounted display uses CRTs or LCD panels which are
mounted near the user, but on a fixed platform, to gen-
erate the images and a coherent fiber-optic bundle to
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display especially in relatively low-cost consumer appli-
cations.

Another problem which has arisen in the use of the
aforementioned conventional dual-image displays in
virtual reality devices is that the user commonly per-
ceives a clear demarcation between the dark back-
ground of the image area and the surrounding dark
non-image area. It has been found that the experience of
“virtual reality” is enhanced if this demarcation is not
perceived or is minimized.

Another type of miniaturized display which is suit-
able for dual-image displays and especially for low-cost
consumer virtual reality displays is a mechanical scan-
ning display. This latter display uses a line of light-emit-
ting devices to generate one line of an image. The line
image is reflected from a mirror to a user’s eye. By
mechanically moving the mirror as the line image
changes, a raster scan image can be generated. Suitable
optics allow the display to be miniaturized to the point
where it can be conveniently mounted on the user’s
head. This type of display is described in detail in U.S.
Pat. Nos. 4,934,773 and 5,003,300 assigned to the as-
signee of the present invention. The disclosure of These
latter patents is incorporated herein by reference.

These latter displays have high contrast and are thus
particularly suited for virtual reality devices because
the demarcation between the image and the background
is minimized. However, since the displays utilize me-
chanically moving mirrors, mechanical vibration is a
problem. In displays which generate only one image,
the mechanical vibrations can be minimized by careful
design of the mirror supports, the use of a counterbal-
ance and symmetric drive motor. Such an approach is
described in detail in U.S. Pat. No. 4,902,083 assigned to
the assignee of the present invention. However, when
two separate displays are used to generate two images,
for example, in virtual- reality systems, the vibration
problems are increased because the two displays may
interact to generate a low-frequency “beat” vibration
which is particularly annoying to the user.

Accordingly, this invention provides a light-weight
dual image display mechanism that can be worn like a
pair of glasses and can be configured as both a transpar-
ent and an opaque display. The display is suitable for use
as a virtual reality display because it has very high con-
trast, so that there is no clear demarcation between
black background of image area and the surrounding
background and the display image has a low persistence
to allow head tracking without image smear. The scan-
ning mechanism is designed to reduce vibration in dual
image head-mounted applications so that a dual image
display can be combined with a head motion tracking
mechanism to cause the display to respond to head
motion. The dual image display architecture is designed
to efficiently share electronics between both displays.
In addition, the mechanism can be designed to display
images in full color.

SUMMARY OF THE INVENTION

The foregoing problems are solved by one illustrative
embodiment of the invention in which a mechanical
scanning dual-image display device utilizes two sepa-
rate scanning mirror mechanisms with a common con-
trol that forces the scanning mirrors to move in opposi-






























