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j delmet Mounted Display Systems
/ : This invention relates to helmet mounted display systems.-
More particularly the invention relates to helmet mounted

‘display systems of the kind by which a wearer of the helmet on which
the system is mountad is provided with a collimated virtual image of
a display produced by a display source superimposed on the heimet
- wearer's view of a scene through a combiner element of the system.

A known form of such a helmet mounted display system
comprises: a helmet having a transparent visor; and an optical
system which directs rays of light from a display produced by a
display source onto a spherical region of the visor to provide by
reflection at the visor, at a helmet wearer's eye position, a
collimated virtual image of the display on a line of sight of a
wearer of the helmet through the visor. Such a helmet mounted
display system is hereinafter referred to as a display system of the
kind specified. '

It will be appreciated that in a display system of the kind
specified the visor serves both as a combiner element and a
collimating efement to produce the'réqﬁ?red virtual image. The use
of the visor as combiner and co]]imatiﬁg elements has the advantage
that it avoids the use of a relatively heavy eyepiece combiner and

collimating element commonly used in helmet mounted display systems.
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This i.nwention felates to hel net nounted dlsplay syst ens. - More
particularly tife.invention relates to hel met nounted display systens of the
ki nd ‘of whi ch wearer of the hel met on which the systemis nounted is

provi ded with col | i mat ed- vi rtual inage of a display produced by a-display
source superinposed on the hel met wearer's view of a scene through a

conbi ner el engnt of the system 2=
! _ S
; dowever, use of the visor as the combiner and collimating elements

i makas it no longer pessibla to adapt the system to suit a helmet

; wearer's eye position by movement of the whole dispiay system.

| It is an object of the present invention o provide a

i display system of the kind specified wherein this problem is

avercome.

According to the present invention in a display system of
the kind specified said region of the visor is of a shape which is
rotationally symmetric about a first axis about which sai& optical
system is rotatable, thereby to allow rotation of said eye position
about said axis,

In a system according to the present invention the opt1ca1
axis of said optical system preferably lies in a plane which
contains said first axis.

With such an arrangement, whilst the light rays are subject

" *to off-axis reflection at the visor in said plane, the rays are
on-axis in a direction orthdgonal to said plane, thereby simp]ifying.
of f-axis correction. :

In a system according to the invention said region of the
visor is preferably also rotationally symmetric about a second axis
about which said visor is arranged to be rotatable between
inoperative and operative positions. In such an arrangement the
first and second axes preferably intersect orthogonally.

The invention finds particular application in a binocular
helmet mounted system when two separate optical systems according to
the invention are used, one for each eye position of the helmet
wearer. By arranging for the two optical systems to be rotatable
relatively about a common said first axis with a scissors action,
the spacing between the eye positions of the two systems can be
varied to accommodate helmet wearers of different interpupillary.
dimensions.

In one particular display syétem according to the invention
the or each optical system comprises a relay lens arrangement
incorporating a fold mirror arranged to direct rays of light from
the display source downwardly onto a forward facing mirror surface

e s . .
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a hel met nounted- di spl ay system as disclosed in .
ses a helnmet carrying a visor ‘having a transparent

mth a centre of curvature and an opt#eaL;s¥§nglSQLEE\if
#d to the helnet and is arranged to. proj.ect an ina
¥ spl ay source onto the spherical region offs I%kg&gth
lection at a concavely curved syrface. of i aced

| stment of the position of the virtual inmage to comﬂlﬂ th,

geye position. Such a hel net nounted display systemis

i mage at a hel met wearer's @ye posjti

ed to as a display systemof the kind specified.
mounted above the face aperture of the heimet which serves to

reflect rays from the relay lens arrangement forwardly and
downwardly onto the visor.

Where two optical systems of this particular kind are used
in a binocular display system, a single sai¢ forward facing mirror
surface common to both optical system is preferably used.

In a display system according ta zhe invention the
components of the or each optical system and the visor are
preferably mounted on a frame mounted on the helmet, which frame
serves to hold the components and visor in the required positions
relative to one another against flexure of Ine helmet. Preferably
the frame is also designed so as to compensate for thermal expansion
of at least one component of the optical system.

One helmet mounted display system in accordance with the
invention will now be described, by way of example, with reference
to the accompanying grawings-in which:-

Figure 1 is a diagrammatic view of the systam from the
front; : ' _

Figure 2 is a diagram iliustrating the 1ight ray paths in
an optical system of the display system;

Figure 3 is a perspective view of a frame member which
supports various components of the display system; and

Figures 4A, 48 and 4C are side, rear and front views of the
frame member. .

The display system is a binocular system and utilises two
display systems according to the invention, one of each eye of a
uyser of the system.

Referring to Figure 2, the display system for each eye
comprises a miniature cathode ray tube (CRT) 1 at the screen 3 of
which there is produced a real image of the display it is desired to
present to the wearer of the helmet (not shown), superimposed on his
view through a spherical visor 5 mounted on the helmet. Light rays
from the screen 3 pass first through a relay lens arrangement 7
comprising a lens group 9, a plane fold mirror 11, and a lens 13.
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and downwards direction towards a forwards facing nlane mirror 15
mounted at a cantral brow position on the heimet, i.e. centraliy
above the helmet face aperture. The mirror 15 is disposed in a
generaily vertical plane so as to reflect the light rays forwards
and downwards, toward a region of the internal, concavely curved
sﬁrface of the visor 5, for reflection thereat to the left or rignt
eye position 17 of the helmet wearer.

The lens arrangement 7 and lens 13 are positioned and
designed to produce a real image of the dispiay on the screen 3 at
the principal wavefront 19 of the concave refiecting surface
constitutaed by the internal surface of the visor 3, which image
contains equal and opposite optical aberrations to those produced by
subsequent reflection at the visor 5. Due to the close proximity

. of the wavefront 19 to the eye position 17, tne nelmet wearer is
drovided at each eye with a large instantaneous field of view of a
collimated virtua]limage of the display on the screen 3,
superimposed on the forward scene viewed througn the visor 5.

As is apparent from Figure 2, the optical axis of the

-optical system of Figure 2 lies in a plane. This plane is arranged
to contain the centre of curvature X of the visor 5. As a resuilt,
whilst the light rays reflected at visor 5 are subject to off-axis
aberration in the plane of the optical axis, they are on-axis in
planes orthogonal to the optical axis plane.

It will be appreciated that whilst depicted as
geometrically flat in Figure 2, the plane is in fact folded by the
mirror 11. The purpose of the mirror 11 is to allow the components
of the system, more particularly the lens group 9 and CRT 1, to be
positioned closely around the helmet wearer's head.

Referring particularly to Figure 1, the planes 21A and 218
of the optical axes of the optical systems for the helmet wearer's
Teft and right eyes, the components of which systems are
differentiated by suffixes A and B respectively, intersect along an
axis P passing through the centre of curvature X of the visor 5.
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Hence, as shown in Figure 1, the exit pupils 234, 238 of the two
systams lie on a circle 25 centred on the axis P. To allow for
variation of the distance D between the centres of the exit oupils
23A and 238, the planes 21A, 218 are arranged to be rotatable about
the axis P. 1ence by moving the planes 21A, 218 relative to one

sui t; a hel.
system :
system of t ¥

another i.e. with a scissors action, the distance D can be varied
oetween a maximum value D Max and a minimum value 3 Min to suit the
interpupillary distance of the helmet wearer.

| By virtue of the rotational symmetry of the visor 5, and by
arranging for the two optical systems to share a common brow mirror
15 at a fixed position, i.e. aligned with the axis ? along which the
optical planes 21A and 21B intersect, it is only necessary to
arrange for the components 1 and 7 of each optical system to be
rotatable about the axis P to obtain the required rotation of the
‘planes 21A and 218 for variation of the distance 0.

As illustrated in Figure 1, the variation of distance D is
accompanied by a variation of the vertical positions of the exit
pupils 23A, 238. This variation is suitably compensated by using
liners of different thickness in the helmet to adjust the vertical
position of the helmet relative to the wearer's eyes,

As further described below, the distance D is arranged to
be variable through several presettable different positions, e.g.
seven, as illustrated in Figure 1. The exit pupils 23A, 238 in
adjacent positions are arranged to overlap, and the exit pupils 234,
23B are made sufficiently larger than a user's eye pupil to allow
for small movements of the helmet relative to a wearer's head.

To correct for rotation of the images of the display
presented to the helmet wearer as the planes 21A and 21B are rotated
relatively, the images of the display on the CRT screens 3A and 38
are rotated electronically between the different presettable
positions. Electronic correction of other undesired minor
differences in the display in the different presettable positions,
e.g. in boresight alignment between the different positions, may
also be effected electronically. The required electronic corrections
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- It wili e appreciatéd zhat for satisfactory operation of
the display system the relative positions of the various components
of the system have to be accurately maintained against helmet

flexures arising from vibration, acceleration, donning and doffing

of the nelmet etc. and against temperature variations. This
probiem arises particularly from the fact that visors capable of
'surviving ejection windbiast loading are made from materials such as
polycarbonate which exhibit Tow stiffness and a nigh thermal
coefficient of axpansion.

To maintain their positions the various components of the
system are mounted on a frame member 27 (see Figures 3 and 4) which
is, in turn, secured to the outside of the shell (not shown) of the
helmet around the face aperture, as further described below.

The frame member 27 is made of a rigid material which is
capable of holding the optical components in their required relative
positions against vibration etc. and is designed to have thermal
expansion characteristics which compensate for the thermal expansion
of the visor 5. A suitable material is a hybrid composite of
carbon, aramid and glass fibre bound in.an epoxy resin, and the
member 27 is suitably constructed of laminated sections, at
orientations selected and arranged to give the required thermal and
mechanical performance.

The frame member 27 provides, on its rear side, three
kinematic locating surfaces 29A or 29B for the CRT and relay lens
arrangements 1A, 7A or 1B, 7B of each optical system, which
components 1 and 7 of each system constitute a unit housed in a
casing (not shown). The different positions of each such unit 1, 7
are defined by slots at different positions on the unit casing which
co-operate with a lug 31A or 31B on the frame member 27.

The brow mirror 15 is also mounted on the frame member 27,
on its forwabd side. To this end the mirror 15 is accurately
pre-poéitioned on a frame 33 which is secured accurately in position
on the frame member 27 at three fixing points 35.




Vi sor is preferably arranged to be rotatable between
|noperat|v gd operative positions about a further axis of rotation. In
such an arrggenent the axis and the further axis preferably intersect
orthogonallj at the centre of curvature. The invention finds
particul ar gpplication in a binocular hel met -gounted system Accordlngly
there are prjeferably two optical systens, one for each eye of the helnmet
wearer. By qrranging for the two optical systens to be nounted for

si mul t aneou$ rotational novenent in opposite

-

The visor 5 is mounted on two pivots 37 an the frame'meMber
27 positioned so that the axis of rotatioﬁ of the visor 5 between
operative and inoperative positions passes through the point X,

-:ypica?lv orthogonalily to the axis P. In consequence, and by virtue
of the rotational symmetry of the visor 5, the need for the
operative position of the visor 5 to be achrauer defined by suops |
41 is avoided. ' :

Positional accuracy of the optical component mounting
surfaces and points on the frame member 27 is achiaved by first
manutacturing the Frame member 27 per se, and ageing. Once
stapility has been confirmed by process conirol and measurement etc.
the mounting surfaces 29 are bonded with an adhesive into position
using a precise jig to hold them in position whilst the adhesive
cures.,

The frame member 27 is mcunted on the helmet shell by way
of a single spigot. (not shown) secured to the helmet shell at a
position just above.the brow area which fits into an aperture 39 in
the member 27. The frame member 27 is also embedded in a so-called
helmet module, i.e. a casing fitting around the helmet shell and
member 27, the helmet module being in turn secured to the helmet
shell by special purpose latches at positions aft of the helmet
wearer's ear positiens. This arrangement structurally isolates the
frame member 27 from helmet shell and module flexures, but fully
arrests the helmet module, and hence the frame member 27, in the
event of windblast or frontal impact.

[t will be understood that whilst in the embodiment of the
invention described above by way of example the visor 5 is of
overall spherical form, in other ambodiments of the invention only a
region of the visor on a line of sight of the helmet wearer through
the visor is spherical, eg the region through which the helmet
wearer views the forward scene.
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CLAIMS _
1. A display system comprising: a helmet having a transparent
visor (3); and an optical system (1, 7) which directs rays of light
from a display produced by a display seurce {1) ante . spherical
region of the visor (5) to provide by reflection at the visor, at a
helmet wearer's eye position (17), a collimated virtual image of the
display on a. line of sight of a wearer of the heimet through the
visor; characterised in that said region of the visar (3} is of a
shape which is rotationally symmetric about 3 first axis {?) about
which said optical system (1, 7) is rotatable, thereby to allow
rotation of said aye position about said axis {?}.
2. A system accofding to Claim 1 wherein the optical axis of
said optical system (7) lies in a plane (21) which contains said
first axis (P). _ .
3. A display system according to Claim 1 or Claim 2 wherein
said region of the visor (5) is rotationally symmetric about a
second axis (37) about which said visor (5) is arranged to be
rotatable between indperative and operative positions,
4. A display system according to Claim 3 wherein said first
axis (P) and said second axis (37) intersect orthogonally,
5. A display system according to any one of the preceding
claims wherein the optical system (1, 7) comprises a relay lens
arrangement (9, 13) incorporating a fold mirror (11) grranged to
direct rays of light from the display source (1) downwardly onto a
forward facing mirror surface (15) mounted above the face aperture
of the helmet which serves to reflect rays from the relay lens
arrangement (9, 13) forwardly and downwardly onto the visor (15).
6. A binocular helmet mounted display system comprising two
display systems according to any one of the preceding claims one for
each eye of the helmet wearer. '
7. A display system according to Claim 6 arrangeq so that the
two optical systems can be rotated relatively about a common said
first axis (P) with a scissors action, thereby to vary the spacing
(D) between the eye positions of the two systems.
‘\
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Figure . spective V|em10f a frame member which supports vari ous

conponey e di splay system and Figure 4A, 4B and 4C are’ side,
rear, and3 views of the frame nmenber. The di spl.ay systen1|s a
bi nocul ag mand utilises two display systens -according—to—the

I nventi or

Figure 2,3
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8. A system according to Claim 6 or Claim 7 when dependent on
Claim 5 wherein a single said forward facing mirror surface (15)
common to doth said optical systems is used.
9. A display system according to any one of the preceding
claims wherain the components of the or each optical system (1, 7)

: are mountad on a frame {27) mounted on the helmet which serves to

! nold the components and visor (5) in the required positions relative
/ to one another against flexure of the helmet.
10. A diép]ay system according to Claim 9 wherain said frame
(27) is designed so as to compensate for thermal expansion of at
ieast one component of the optical system. |
i1, A display system according to Claim 9 or Claim 10 wherein
said frame (27) fits around the face aperture of the helmet.
12. A display according to Claim 11 wherein said frame (27) is
moynted on said helmet by means of a single spigot arrangement (39).
13. A display system according to Claim 11 or Claim 12 wherein
said frame (27) is secured within a helmet casing member which is in
turn attached to a helmet shell member on which said frame (27) is
mounted.
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ABSTRACT

/ Helmet Mounted Display Systems

This inventicn relates to a heimet mountad display system

. -

of tne kind comprising: a nelmet having 2 transparent spherical
visor (5) and an optical system (1, 7) wnicn directs rays of light
from a display produced by a display source {1) onto the visor to
provide by reflection at the visor, at a 1eimet wearer's eye
sosition (7), a coliimatad virtual image of the display on a line of
signt of a wearer of the helmet through the visor.

In order to facilitate adjustment of the aye position with
respect to the helmet the visor is rotationally symmetrical about an

' .axis about which the optical system is rotatable.

The visor is preferably also rotationally symmetric about a
second axis about thch the visor is arranged to be rotatanle
petween inoperative and operative positions.,

The invention finds particular application to binocular
helmet mounted display systems, the two optical systems being then
suitably arranged to be rotated relatively about a common axis with
a scissors action, thereby to vary the spacing between the eye
positions of the two display systems.

"t —————

(Figure 2)
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. Figure 3 is a perspective view of a frarré menber vi)hich. '

_ %uppor ous conponents of the display system and Figure 4A, 4B O

and 4C Z@Ei de, rear and front views of the frame menber.
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stemis a binocular systemand utilises two display systens
the invention, one each eye of a user of the system

¥ Figure 2, the dispU%%%Systen1for each eye conprises a

It hode ray tube (CRT) at the screen 3 of which there is

eal image of the display it is desired to present to the wearer
of the hel et (not shown), superinposed on his view through a spheri cal
visor 5 nmounted on the helnmet. Light rays fromthe screen 3 pass first
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ight rays exiting the lens 13 are directed i.n a general rearwards and
ownwards direction towards. a forwards facing plane mrror 15 nounted at a
Qentral brow position on- the helnet, i.e. centrall he helnet face
aperture. The mirror 15 is di sposed in a general@ieﬁz o as
to reflect the light rays forwards and downwar ds
I nternal, concavely curved surface of the visor 5, for reflectlon t ereat
 to the left or right eye position 17 of the hel net wearer. The | ens
~arrangenment 7 and lens 13 are positioned and designed to produce a real
I mmge of the display on the screen 3 at or|n0|pal wavefront” 19 of the
concave reflecting surface constituted rface of the visor
5, which i mage '

Helmet Mounted Display System

This invention relates to helmet mounted display systems.

More particularly the invention relates to helmet mounted
display systems of the kind by whlch a wearer of the helmet:on which
the system is mounted is provided with a collimated virtual image of
a display produced by a display source superimposed on the helmet
wearer's view of a scene through a combiner element of the system.

A known form of such a helmet mounted display system
compr1ses. a helmet having a-transparent visor; and an opt1ca1

| system which' dwrects rays of light from a d1sp1ay produced by a
display source onto a spherical region of the visor to prov1de by
reflection at the visor, at a helmet wearer's eye pos1t10n, a
collimated virtual image of the display on a line of sight of a
wearer of the helmet through the visor. Such a helmet-mounted
display system is hereinafter referred to as a display system of the
kind specified.

It will be appreciated that in ‘a display system of the kind
spec1f1ed the visor serves both as a combiner element and a
co]11mat1ng element to produce the required virtual 1mage. The use
of the visor as combiner and co]]1mat1ng elements has the advantage
that it avoids the use of a relatively heavy eyepiece combiner and

1 col]rmatlng element commonly used in he]met mounted display systems.
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tontains equal and opposite optical aberrations to those produced by

subsequent reflection at the visor 5. Due to the close proximty of the
wavefront 19 to the eye position 17, the helnet wearer is provided at each
eye with a |arge instantaneous fleld of view of a colli-watedyirtual inmage

of -the display on the screen 3, superinposec m[sGHEETMMaﬂEENs,ene vi ewed
t hrough the visor 5. ‘As is apparént fronREpuﬁmEB 2, the optical
axis of the optical systemof Figure 2 |ies LYsa—e—ptare: |n|s plane S

“arranged - to contain the centre of curvature X of the visor_ 5.
resul t, whi| sHowemery ughtofr B& vieen ast bR 4Pmijingtrang §9¥§‘§EEﬁW§c€]qmén%ﬁf axi s

aberration inpidag %Bew?a‘get» hﬁasemlleceb P8, thtehs},»steﬁetda@uwasmmeﬂl anes
\%t hogonal o ”;'e spteI ga os?%(%osn g movement of the vlvhole dis e E greec.l ated that
i| st deplct!Rf 8E's eye p 4 play syst

It is an object of the present invention to prov1de a
display system of the kind specified wherein this problem is
overcome. o ,

According to the presént invention in a display system of
the kind specified said region of the visor is of a shape which is
rdtational]y symmetric about a first axis about which said optical
system is rgtatablé, thereby to allow rotation of said eye position
about said axis. ' |

In a system according to the present invention the optical
axis of said optical system preferably lies in a plane which
contains said first axis. _

"With such an arrangement, whilst the light rays are subject
to off-ax1s reflection at the visor in said plane, the rays are
on-axis in a direction orthogona] to said plane, thereby simplifying
off-axis correction. _ |

In a system according to the invention said region of the
visor is preferably alsO'rotatiOQally symmetric about a second axis
about which said visor is arranged to be rotatable between
inoperative and operative positions. In such an arrangement the
first and second axes preferably intersect orthogonally.

:The invention finds particu]ar'app]icatioh in a binocular

- helmet mounted system when two separate optical systems according to
the inveptipn are used, one for each eye position of the helmet
wearer. By arranging for the two optical systems to be rotatable
relatively about a common said first axis with a scissors action,

- the spacing between the eye positions of the two systems can be
var1ed to accommodate helmet wearers of different lnterpupillany
dimensions. _

In one particular display system aécording to the invention
the or each optical system comprises a relay lens arrangement
incbrporating a fold mirror arranged to direct rays of light from
the display source downwardly onto a forward facing mirror surface
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‘geonetrically flat in Figure 2, the plane is in fact folded by the mirror
11. The purpose of the mrror 11 is to allow the conponents of the system
nore particularly the lens group 9 and CRT 1, to be positioned closely-
*around the hel met wearer's head. _ Referring particularly to Figure
1, the planes 21A and 21B of the optical axes of the optical stens for
the helnet wearer's left and right eyes, “the RéﬁM@N h systens
are differentiated by suffixes A and B respect € sect al ong an
axis P passing through the centre of curvatur X 0 EP :

o \II SOF

mounted above the face 5perture of the he]met which serves to
reflect rays from the relay lens arrangement forwardly and
downwardly onto the visor.,

Where two optical systems of this particular kind are used
in a binocular display system, a sing]e said forﬁard facing mirror
surface common to both optical system is preferably used.

In a display systém according to the invention the
components of the or each optical system and the visor are
preferably mounted on a frame mounted on the helmet, which frame
serves to hold the components and visor in the required positions
relative to one another against flexdre of the helmet. Preferably
the frame is also designed so as to compensate for thermal expansion
of at least one component of the optical system.

One helmet mounted display system in accordance with the
invention will now be described; by way of example, with reference
to the accompanying drawings in which:~

Figure 1 is a diagrammatic view of the system from the
front; '

Figure 2 is a diagram illustrating the light ray paths in
an opticaT system of the display system;

Figure 3 is a perspective view of a frame member which
-subports various components of the display system; and :
| Figures 4A, 4B and 4C aré side, rear and front views of the
frame member. ' '

The disp]ay System is a binocular system and utilises two
display systems accord1ng to the invention, one of each eye of a
user of the system. - .
Referr1ng to Figure 2, the d1sp]ay system for each eye
 comprises a miniature cathode ray tube (CRT) 1 at the screen 3 of
which there is produced a real image of the display it is desired to
present to the wearer of the helmet (not shown), superimposed on his
view through a spherical visor 5 mounted on the helmet.f Light rays
from the screen 3 pass first through a relay lens arrangement 7
comprising a lens group 9, a plane fold mirror 11, and a lens 13.
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- 5. Hence, as shown in Figure 1, the exit pupils 23A, 238 of the two
systens |lie on a circle 25 centred on the axis P. To allow for variation of
t he di stance D between the centres of the exit pupils 23A and 23B, the
‘planes 21A, 21B are arranged to be rotatable about the axis P. ance by
novi ng the planes 21A, 21B relative to qn

Light rays exiting the lens 13 are directed in a general rearwards
and downwards direction towards a forwards facing plane mirror 15
mounted at a central brow position on the helmet, i.e. centrally
above the helmet face aperture. The mirror 15 is disposed in a
gehera]ly vertical plane so as to reflect the light rays forwards
and downwards, toward a region of the internal, concavely curved
surface of the visor 5, for reflection thereat to the left or rlght
eye position 17 of the helmet wearer.

- The lens arrangement 7 and lens 13 are p051t1oned and
designed to produce a real image of the display on the screen 3.at
the principal wavefront 19 of the concave reflecting surface
constituted by the internal surface of the visor 5, which image
contains edua]-and opposite optical aberrations to those produced by
subsequent"ref1ectioq at the visor 5. Due to the close proximity
of the wavefront 19 to the eye position 17, the helmet wearer is
provided at each eye with a large instantaneous field of view of a
collimated virtual® image of the display on the screen 3,
superimposed on the forward scene viewed through the visor 5.

As is apparent from Figure 2, the optical axis of the
optical system of Figure 2 lies in a plane. This plane is'arfanged '
to contain the centre of curvature X of the visor 5. As a result,
whilst the light rays reflected at visor 5 are subject to off-axis
aberration in the p]ane of the optical ax1s they are on-axis in
planes orthogonal to the optical .axis plane.
| It will pe appreciated that whilst depicted as
geometrically flat in Figure 2, the plane is in fact folded by the
mirror 11. The purpose of the mirror 11 is to allow the components
of the system, more particularly the lens group 9 and CRT 1, to be
positioned closely around the.helmet wearer's head.

Referring particularly to Figure 1, the planes 21A and 21B

~ of the optical axes of the optical systems for the helmet wearer's
left and right eyes, the components of which systems are’
differentiated by suffixes A and B respectively, intersect along an
axis P passing through'the centre of curvature X of the visor 5.



another i.e. with a scissors action, the-distance D can be varied between a
maxi mum val ue D Max and a mnimumvalue D Mn to suit the interpupillary

di stance of the hel net wearer. By virtue of the rotationa
symmetry of the visor 5, and by arranging for the two optical systens to
share a common brow mrror 15 at a fixed pgsition, i.e. aligned with the

axis P along which the optical planes 21A2id 21B intersect, it is only
necessary to arrange for the conponents 1 and 7 of each optical systemto.
be rotatable about the axis P to obtain the required rotation of the planes
21A and 21B for variation of the distance D. As illustrated in

Figure 1, the \Hencet asrshokn dinsEgure I} ithe axdbrmphi £ @3Ay 23Bvef ithe itwo of the
gﬁ”;gf‘; ngrlptelsgg?ee fyé‘f‘?neﬁéﬁrﬂé%k e?n?f?éd %ﬁ%he a;@ Vatro' ?‘ltl'ognfor
: variation of the distance D between the centres of the exit pupils

23A and 238, the planes 21A, 21B are arranged to be rotatable about
the axis P. Hence, by moving the planes 21A, 21B relative to one
another i.e. with a scissors action, the distance D can be varied
between a maximum value D Max and a minimum value D Min to suit the
interpupillary distance of the helmet wearer.

By virtue of the rotatiqnaT symmetry of the visor 5, and by
arranging for the two opticai systems to share a common brow mirror
15 at a fixed position, i.e. aligned with the axis P along which the

optical planes 21A and 21B intersect, it is only necessary to
arrange for the components 1 and 7 of each optical system to be
rotatable about the axis P to obtain the required rotation of the
planes 21A and 21B for variation of the distance D.

As illustrated in Figure 1, the variation of distance D is
accbmpanied by a variation of the vertical positions of the exit
pupils 23A, 23B. This variation is suitably compensated by using
tiners of different thickness in the helmet to adjust the vertical
poszt1on of the heimet relative to the wearer's eyes. .

 As further descrlbed below, the distance D is arranged to
" be var1ab1e througﬁ’Severa] presettable different positions, e.g.
seven, as illustrated in Figure 1. The exit pupils 23A, 238 in
adjacent positiohs are arranged to overlap, and the exit pupils 23A,
23B are made sufficiently 1abger than a user's eye pupil to allow
for small movements of the helmet relative to a wearer's head.

To correct for rotation.of the images of the display
presented to the helmet wearer as the planes 21A and 21B are rotated
relatively, the images of'the display on the_Cﬁf screens 3A and 3B
are rotated electronically between the different presettable
positions. Electronic correction of other undesired minor
differences in the display in the different presettable p051t1ons,
e.g. in boresight alignment between the different positions, may
also be effected electronically. The required electronic corrections



liners of different thickness in the helnet to adjust the vertical position

of the helnmet relative.to the wearer's eyes. - ~ As-further described
bel ow, the distance D is arranged to be variable through several
presettable different positions, e.g. seven, as illustrated in Figure 1.

The exit pupils 23A, 23B in adjacent positions are arranged to overlap, and
the exit pupils 23A, 23B are nade sufficieﬁtly | arger than a user's eye
pupil to allow for small novenents of the helnet relative to a wearer's
head. To correct for rotation of the inmages of the display
presented to the hel net wearer as the planes 21A and 21B are rotated

rel atively, thmay lbagmteﬂimwemﬁnsbd&iyyomdt beor@BTHSQr Ewksuﬁﬁta%md 3B are
rot ated el ectroni cal

El ectronic correcti on)i(gf ie? ahﬁﬁ%cq' ?écﬁ tﬁ?ﬁ for°8at tor?oosp'e%%%ﬁ of

the display system the relative pos1t10ns of the various components

~ of the system have to be accurately maintained against helmet
flexures arising from vibration, acceleration, donning and doffing
of'the helmet etc; and against temperature variations. This
problem arises particularly from the fact that visors capable of
surviving ejection windblast loading are made from materials such as
polycarbonate which exhibit low stiffness and a ‘high thermal
coefficient of expansion.

To maintain their positions the various components of the
system are mounted on a frame member 27 (see Figures 3 and 4) which
is, in turn, secured to the outside of the shell (not shown) of the
helmet around the face aperture, as further described below.

The frame member 27 is made of a rigid material which is
capable of holding the optical components in their required relative
positions against vibration etc. and is designed to have thermal
expansion characteristics which compensate for the thermal expansion
of the visor 5. A suitable material is a hybrid composite of
carbon, aramid and glass fibre bound in an epoxy resin, and the
member 27 is suitably constructed of laminated sections, at .
orientations selected and arranged to give the required thermal and
mechanical performance.

The frame member 27 pho#ides, on its rear side, three
kinematic locating surfaces 29A or 29B for the CRT and relay lens
arrangements 1A, 7A or 1B, 7B of each optical system, which
components 1 and 7 of each system constitute a unit housed in a
casing (not shown). The different positions of each such unit 1, 7
are defined by slots at different positions‘on the unit casing which
co-operate with a lug 31A or 31B on the frame member 27.

The brow mirror 15 is also mounted on the frame member 27,
on its forward side. To this end the mirror 15 is accurately
pre-positioned on a frame 33 which is secured accurate]y in position
on the frame member 27 at three f1x1ng points 35.



differences in the display in the different presettable positions,
boresi ght alignnment between the different positions,;.

el ectronically. The required el ectronic corrections
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The visor 5 is mounted on two pivots 37 on the frame member

27 positioned so that the axis of rotation of the visor 5 between
operative and inoperative positions passes through the point X,
typically orthogonally to the'axis P. In consequehce, and by virtue
of the rotat1ona1 symmetry. of the visor 5, the need for the
operative posztlon of the visor 5 to be accurately defined by stops
41 is avoided. :

Positional accuracy of the opt1ca1 component mounting
surfaces .and points on the frame meémber 27 is achieved by first
manufacturing the frame member 27 per se, and ageing. Once
stability has been confirmed by process Control and measurement etc.
the mounting surfaces 29 are bonded w1th an adhes1ve into position
using a precise jig to ho]d them in pos1t1on whilst the adhesive
cures. . : S

‘The frame member 27 is mounted on the helmet shell by way
of a single spigot (not shown) secured to the helmet shell at a
position just above the brow area which fits into an aperture 39 in
the member 27. The frame member 27 is also embedded in a so-called
he]ﬁet_modu]e, i.e. a casing fitting around the helmet shell and

member 27, the helmet module being in turn secured to the helmet

shell by special purpose latches at positions aft of the helmet
wearer's ear positions. This arrangement structurally isolates the
frame member 27 from helmet shell and module flexures, but fully
arrests the helmet module, and hence the frame member 27, in the
event of windblast or frontal-impact. | _
It will be understood that whilst in the embodiment of the

invention described above by way of exampie the visor 5 is of
overall spherical form, in other ambodiments of the invention only a

~region of the visor on a line of sight of the helmet wearer through

the visor is sphericél eg the region through which the helmet
wearer views the forward scene.

e.g.
may al so be effected

in



.hﬁy be determned enpirically and stored in a | ook-up table. It
will be apprecia;eg_LhaL,fnr satisfactory operation of the display system

.the rel ative posi of the various conmponents of the systen1have to be
accurately mai nt .i ﬂ ﬂl &H” met flexures arising fromvi bratlon
of the hel

accel eration,
t enperat ure varl at i ons. Thi's probl em ari®Ses |Fi$ iSHEERHAS BE t he fact
bl ast RERIAOERg ar e| nade from

t hat visors capabl e of surviving ejection w ng
a high

material s sucE pol ycar bonat e whi ch exhi bi t : i _
t her mal coeffk%+e§t of  expansi on. To maintain their positions the
vari ous conporents ofA_tdr'neplay system comprising: a helmet having a transparent
| visor 15); and an optical system (1, 7) which directs rays of light
from a display produced by a display source (1) onto a spherical
region of the visor (5) to provide by reflection at the visor, at a
helmet wearer's eye position}(17i, a collimated virtual'image of the
display on a line of sight of a wearer of the helmet through the
‘visor; characterised in that said region of the visor (5) is of a
shape which is rotationally symmetric about a first axis (P) about
which said optical system (1, 7) is rotatable, theyéby to allow
rotation of said eye position about said axis:fP)u
2. A system according to Claim 1 wherein the optical axis of
said optical system (7) lies in a plaﬁe (21) which coniéins said
first axis (P). ' - : '
3. . A display system according to Claim I or Tlaim 2 wherein
said'reglon of the visor (5) is rotationally symmetric about a
- second axis (37) about which said visor (51.i§ arranged to be
rotatable between inopérative'and'bﬁeﬁifiVE‘ﬁbéifionki““““'

Ajﬁ

4, A display system according to Claim 3 wherein said first
axis {P) and said second axis (37) intersect orthogonally.
5. _ A display system according to any one of the preceding

claims wherein the 0pt1ca1 system (1, 7) comprzses a relay lens
arrangement (9, 13) incorporating a fold mirror (11) arranged to
direct rays of light from the display source (1) dewnwardly onto a
forward facing mirror surface (15).mpunted above the face aperture
of the helmet which serves to reflect rays from the relay lens
arrangement (9, 13) forwardly and downwardly onto the visor (15).
6. A binocular helmet mounted display system. comprising two
display systems according to any one of the precedIng claims one for
each eye of the helmet wearer. '

1. - A display system according to Claim 6 arranged so that the
two optical systems can be rotated relatively about a common said
first axis (P) with a scissors action,‘theréby to vary the spacing
{D) between the eye positions of the two Systémg.
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éysten1are nounted on a franme nmenber 27 (see Figures 3 and 4) which is, in
turn, secured to the outside of the shell (not shown) of the helnet around

the face aperture, as further described bel ow. .

I's made of a rigid material which is capable of holding

conponents in their required relative positions against

I s designed to have thernal expansion(ﬂﬁﬁ%&teristics_Wh
the thernmal expansion of the visor 5. A suitable nmateri
conposite of carbon, aram d and glass fibre bound in an

the nenber 27 is suitably constructed of |am nated secti

me menber

AT,

I ch conpensate for
al is a hybrid.
epoxy resin, and
ons, at

orientations $kl ectedt aystem recapddng togCVaim heor €daim @dwhenedepeindentdon

mechani cal perofMmanGe.rain a single! 081 d FORRardEFREhg i rbP

side, three ;
common to both said optical systems is used.

Wuflfice Pfb) LS rear

9. .A display system according to any one of-the preceding
claims wherein the components'of-the or each optical system (1, 7)
are mounted on a frame (27) mounted on the helmet which serves to
hold the components and visor (5) in the required positions relative

to one another against flexure of the helmet.

10. A display system according to Claim 9 wherein said frame
(27) is designed so as to compensate for thermal expansion of at

least one component of the optical system.

11. A display system according to Claim 9. or Claim 10 wherein
said frame (27) fits around the face aperture of the helmet.

12. A display according to Claim 11 wherein said frame (27) is
mounted on said helmet by means of ‘a singlé spigot arrangement (39).
13. A display system according to Claim 11 or C]éimnlz'wherein
said frame (27) is secured-within a helmet casing member which is in
turn attached to a helmet shell member on which said frame (27) is

mounted.
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Ki nematic | ocating surfaces 29A or 29B for the CRT and relay |ens
arrangenents 1A, 7A or 1B, 7B of each optical system which conponents 1
and 7 of each systemconstitute a unit housed in a casing (not shown). The
different positions of each such unit 1, 7 are defined by slots at

different positions on the unit casing wpich co-operate with a lug 31A or
31B on the franme nenber 27. The~brow mrror 15 is also nmounted on"
the frame nenber 27, on its forward side. To this end the mrror 15 is
accurately pre-positioned on a frane 33 which is secured accurately in
position on the frame nmenber 27 at three fixing points 35.




- 8- CLAIMS 1. A display systemconprising a helmet carrying a visor
(5) having a transparent spherical region wwth a centre of

2




‘curvature (X), and an optical system (7) which is adjustably nounted to the
hel met and is arranged .to project an inmage produced by a display source (1)
onto the spherical region of the visor (5) to provide, by reflection at a
concavel y curved surface of the visor (5), a collimted virtual inage at a
hel ret wearer's eye position (17), th®& system allow ng adjustnent of the
position of the virtual inmge to coincide with the wearer's eye position
characterised in that the adjustable nmounting permts rotation of the
optical system (7) about an axis. (P) which passes through the centre- of
curvature (X). - -




2. A display systemaccording to aim1l, wherein the optical system (7)
has- an optical axis (21A or -21B) lying in a plane which contains the axis
(P).. 3. A display system according to CCaim1l1l or Claim2, wherein the
visor (5) is arranged to be rotatable between inoperative and opérative

- positions about a further axis of rotation (37). 4. A display system
according to Caim3, wherein the ﬂ-xis (P) and the further axis (37)

i ntersect orthogonally at the
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“centre of curvature (X). 5. A display system accordirng to any preceding
claim wherein the optical system (7) conprises a relay |ens arrangenent
(9, 13) incorporating a fold mirror (11) and is arranged to direct rays of’
ight fromthe display source (1) .downwardly onto a forward facing mrror
surface (15) nounted above a face aperture of the helnmet, which serves a

reflect rays fromthe relay |ens arrangenent (9, 13) formardly and
downwardly onto the visor (5).

ABSTRACT

Helmet Mounted Display Systems

This invention relates to a helmet mounted display system
of the kind comprising: a helmét having a transparent spherical
visor (5) and an optical system (1, 7) which directs rays of light
from a display produced by a display source (1).onto the visor to
provide by reflection at the visor, at a helmet wearer's eye
position (7), a collimated virtual image of the display on a line of.
sight of a wearer of the helmet through the visor. _

In order to fac111tate adjustment of the eye posatlon with
respect to the helmet the visor is rotationally synmetr1ca1 about an
axis about which the optical system is rotatable. .

The visor is preferably also rotationally symmetric about a
second axis about which the visor is arranged to bejrotatable

. between inoperative and operative positions.

The invention finds particular application to binocular
.helmet mounted display systems, the two optical systems being then
suitably arranged to be rotated_re}at1ve1y about a common axis with
a scissors action, thereby to vary the spacing between the eye
positions of the two display systems.

Figure 2
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6.

A display system according to any preceding claim having
optical systems (7), one for each eye of the hel met wearREPLACEMENT SHEET

HELMET MOUNTED DISPLAY SYSTEMS

This invention relates to helmet mounted display

.8systems.

More particularly the invention relates to helmet
mounted display systems of the kind of which a wearer of the
helmet on which the system is mounted is provided with a
collimated virtual image of a display produced by a display
source superimposed on the helmet wearer’s view of a scene
through a combiner element of the system.

A known form of such a helmet mounted display system, as
disclosed in WO-A-91-04508, comprises é helmet carrying a
visor having a transparent spherical region with a centre of
curvature and an optical system which is adjustably mounted
to the helmet and is arranged to project an image produced by
a display source onto the spherical region of the wvisor to
provide, by reflection at a concavely curved surface of the
vigsor, a collimated virtual image at a helmet wearer’s eye
position, the system allowing adjustment of the position of
the virtual image to coincide with the wearer’s eye position.
Such a helmet mounted display system is hereinafter referred
to as a display system of the kind specified.

It will be appreciated that in a display system of the
kind specified the visor serves both as a combiner element
and a collimating element to produce the required virtual
image. The use of the visor as combiner and collimating
elements has the advantage that it avoids the use of a
relatively heavy eyepiece combiner and collimating element
commonly used in helmet mounted display systems.
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Z. A display system according to Claim6, arranged so that the two
optical systenms are nounted for sinultaneous rotational ERAGEMENT SHEET
opposite senses about the axis (P) thereby to vary a spacing (D) between
each eye position. 8. A display system according to Clali or Claim7

when dependent on Claim35, wherein a single f[of }ﬁ@@ﬂ{E¥QUE§BEEN'Or surface
(15) is conmmon to both optical systens used ay S)stem
according to any of Clains.5 to 8, wherein t ach opti cal

system (7), the However, use of the visor as the combiner and
collimating elements makes it no longer possible to adapt the
system to suit a helmet wearer’s eye position by movement of
the whole display system.

It is an object of the present invention to provide a
display system of the kind specified wherein this problem is
overcome. |

According to the present invention in a display system
of the kind specified the adjustable mounting permits
rotation of the optical system about an axis which passes
through the centre of curvature.

In a display system according to the present invention
to optical system preferably has an optical axis lying in a
plane which contains the axis.

With such arrangement, whilst the light rays are subject
to off-axis reflection at the visor in the plane, the rays
are on-axis in a direction orthogonal to the plane, thereby
simplifying off-axis correction.

In a display system according to the invention the visor
is preferably arranged to be rotatable between inoperative
and operative positions about a further axis of rotation. 1In
such an arrangement the axis and the further axis preferably
intersect orthogonally at the centre of curvature.

The invention finds particular' application in a
binocular helmet mounted system. Accordingly there are
preferably two optical systems, one for each eye of the
helmet wearer. By arranging for the two optical systems to
be mounted for simultaneous rotational movement in opposite
senses about the axis thereby to vary a spacing between each
eye position to accommodate helmet wearers of different
interpupillary dimensions.

REPLACEMENT SHEET
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f.orward facing mrror surface (15) and the visor (5) are nounted on a frane
(27) rnounted *on the hel net which serves to hold the conqﬂﬁﬁﬁpgwgﬂgswtgpr
(5) inthe required positions relative to one another agali nst f1exure of

t he hel net. 10. A display system according to Caim9, wherein the frane
(27) is designed so as to conpensate forythermal expansion of at |east one
conponent of the optical system (7). 11. A display system according to
Caim9 or daim 10,

In one particular display system according to the
invention each optical system comprises a relay lens
arrangement incorporating a fold mirror and is arranged to
direct rays of light from the display source downwardly onto
a forward facing mirror surface mounted above the face
aperture of the helmet, which serves to reflect rays from the
relay lens arrangement forwardly and downwardly onto the
visor.

Where two optical systems of this particular kind are
used in a binocular display system, a single forward facing
mirror surface is preferably common to both optical systems
used.

In a display system according to the invention the
components of each optical system, the forward facing mirror
surface and the visor are preferably mounted on a £rame
mounted on the helmet which serves to hold the components and
visor in the required positions relative to one another
against flexure of the helmet. Preferably the frame is also
designed so as to compensate for thermal expansion of at
least one component of the optical system.

The frame may fit around a face aperture of the helmet,
the frame may be mounted on the helmet by means of a single
spigot arrangement and may be secured within a helmet casing
member on which the frame is mounted.

One helmet mounted display system in accordance with the
invention will now be described, by way of example, with
reference to the accompanying drawings in which:-

Figure 1 is a diagrammatic view of the system from the
front;

Figure 2 is a diagram illustrating the light ray paths
in an optical system of the display system;

REPLACEMENT SHEET
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wherein the franme. (27) fits around a face aperture of the hel net. 12. A
di splay system according to Caim11l, wherein the frane éZ?) I S nDunted on
the hel met by means of a single spigot arrangement (39).R PLAGCEMENG Ely
system according to Caim1ll or Claim12, wherein the frame (27) |s
secured within a hel net casing rrenber_v\@gch is in turn attached to a hel net
shell nmenber on which the frane (27) is nounted.

Figure 3 is a perspective view of a frame member which
supports various components of the display system; and

Figure 4A, 4B and 4C are side, rear and front views of
the frame member.

The display system is a binocular system and utilises
two display systems according to the invention, one of each
eye of a user of the system.

Referring to Figure 2, the display system for each eye
comprises a miniature cathode ray tube (CRT) 1 at the screen
3 of which there is produced a real image of the display it
is desired to present to the wearer of the helmet (not
shown), superimposed on his view through a spherical visor 5
mounted on the helmet. Light rays from the screen 3 pass
first through a spherical wvisor 5 mounted on the helmet.
Light rays from the screen 3 pass first through a relay lens
arrangement 7 comprising a lens group 9, a place fold mifror_
11, and a lens 13.

THIS SHEET HAS BEEN
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m to daim6 or daim7 when dependent on
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CLAIMS 1 THIS SHEET HAS BEEN
REPLACED
1. A display system comprising a helmet carrying a visor

(5) having a transparent spherical region with a centre of
curvature (X), and an optical system (7) which is adjustably
mounted to the helmet and is arranged to project an image’
produced by a display source (1) onto the spherical region of
the visor (5) to provide, by reflection at a concavely curved
surface of the visor (5), a collimated wvirtual image at a
helmet wearer’s eye position (17), the system allowing
adjustment of the position of the virtual image to coincide
with the wearer’s eye position characterised in that the
adjustable mounting permits rotatioﬁ of the optical system
(7) about an axis (P) which passes through the centre of
curvature (X).

2. A display system accoiding to Claim 1, wherein the
optical system (7) has an optical axis (21A or 21B) lying in
a plane which contains the axis (P).

3. A display system, according to Claim 1 or Claim 2,
wherein the visor (5) is arranged to be rotatable between
‘inoperative and operative positions about a further axis of
rotation (37).

4. A display system, according to Claim 3, wherein the axis
(P) and the further axis (37) intersect orthogonally at the
centre of curvature (X).

5. A display system, according to any preceding claim,
wherein the optical system (7) comprises a relay lens
arrangement (9, 13) incorporating a fold mirror (11) and is
arranged to direct rays of light from the display source (1)
ddwnwardly onto a forward facing mirror surface (15) mounted
above a face aperture of the helmet which serves a reflect
rays from the relay lens arrangement (9, 13) forwardly and

This Sheet Has Been Repl
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downwardly onto the visor (5).




Claimb5 wherein a single said-forward faci ng M rrof msihe

pboth said op stenms is ed. 9. A di spl iy, HREHDAGE I

any one of the “M wherein the conpo ents of the or ¢

optical syste m“k@“ ed on a frame (27) [ndunilSdABR 1998

whi ch serves t the' corrponents and gvisor (5) {in_the required{pg¢sitions
rel ative to one another against flexure of t he heljmet. 10. Ui

system according to Claim9 wherein said frame (2&4--s_desjigned so

conpensat e g or tmeaﬂablayp@y@'t@m ofa@dotdned aae Wdﬁgtbeaﬂmi cal
system 11.

A I . di |
said frame Y27 9 E‘Iggglpg%ﬂ‘s € if%g%‘?ép'é??m 16t a#?r% ﬁ%?ﬂete%’le;nfg \leler o
di spl ay acdwlety wesx@mi m 11 wherein said frame (27) is

7. A display system, according to Claim 6, arranged so that
the two optical systems are mounted for simultaneous
rotational movement in opposite senses about the axis (P)
thereby to vary a spacing (D) between each eye posifion.

8. A display system, according to Claim 6 or Claim 7 when
dependent on Claim 5, wherein a single forward facing mirror
surface (15) is common to both optical systems used.

9. A display system, according to any of Claims 5 to 8,
wherein the components of each optical system (7), the
forward facing mirror surface (15) and the visor (5) are
mounted on a frame (27) mounted on the helmet which serves to
hold the components and visor (5) in the required positions
relative to one another against flexure of the helmet.

10. A display system, according to Claim 9, wherein the
frame (27) is designed so as to compensate for thermal
expansion of at least one component of the optical system
(7).

11. A display system, according to Claim 9 or Claim 10,
wherein the frame (27) fits around a face aperture of the
helmet.

12. A display system, according to Claim 11, wherein the
frame (27) is mounted on the helmet by means of a single
gspigot arrangement (39).

13. A display system, according to Claim 11 or Claim 12,
wherein the frame (27) is secured within a helmet casing
member which is in turn attached to a helmet shell member on
which the frame (27) is mounted.
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However, wuse of the wvisor as the combiner and
collimating elements makes it no longer possible to adapt the
system to suit a helmet wearer’s eye p031t10n by movement of
the whole display system.

It is an object of the present invention to provide a
display system of the kind specified wherein this problem is
overcome.

According to the present invention in a display system
of the kind specified the adjustable mounting permits
rotation of the optical system about an axis which passes
through the centre of curvature. .

In a display system according to the present invention
the optical system preferably has an optical axis lying in a
plane which contains the axis.

With such arrangement, whilst the light rays are subject
to off-axis reflection at the visor in the plane, the rays
are on-axis in a direction orthogonal to the plane, thereby
simplifying off-axis correction.

In a display system according to the invention the visor
is preferably arranged to be rotatable between inoperative
and operative positions about a further axis of rotation. 1In
such an arrangement the axis and the further axis preferably
intersect orthogonally at the centre of durvature.

The invention £finds particular application in a
binocular helmet mounted system. Accordingly there are
preferably two optical systems, one for each eye of the
helmet wearer. By arranging for the tﬁo optical systems to
be mounted for simultaneous rotational movement in opposite
senses about the axis thereby to vary a spacing between each
eye position to accommodate helmet wearers of different
interpupillary dimensions.
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Figure 3 is a perspective view of a frame member which
supports various components of the display system; and

Figure 4A, 4B and 4C are side, rear and front views of
the frame member.

The display system is a binocular system and utilises
two display systems according to the invention, one of each
eye of a user of the system.

Referring to Figure 2, the display system for each eye
comprises a miniature cathode ray tube (CRT) 1 at the screen
3 of which there is produced a real image of the display it
is desired to present to the wearer of the helmet (not
shown) , superimposed on his view through a spherical visor 5
mounted on the helmet. Light rays from the screen 3 pass
first through a spherical visor 5 mounted on the helmet.
Light rays from the screen 3 pass first through a relay lens
arrangement 7 comprising a lens group 9, a plane fold mirror
11, and a lens 13.
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1. A display system comprising a helmet carrying a visor
(5) having a transparent spherical region with a centre of
curvature (X), and an optical system (7) which is adjustably
mounted to the helmet and is arranged to project an image
produced by a display source (1) onto the spherical region of
the visor (5) to provide, by reflection at a concavely curved
surface of the visor (5), a collimated virtual image at a
helmet wearer’s eye position (17), the system' allowing
adjustment of the position of the virtual image to coincide
with the wearer’s eye position characterised in that the
adjustable mounting permits rotation of the optical system
(7) about an axis (P) which passes through the centre of
curvature (X).

2. A display system according to Claim 1, wherein the
optical system (7) has an optical axis (21A or 21B) lying in
a plane which contains the axis (P).

3. A display system, according to. Claim 1 or Claim 2,
wherein the visor (5) is arranged to be rotatable between
inoperative and operative positions about a further axis of
rotation (37).

4. A display system, according to Claim 3, wherein the axis
(P) and the further axis (37) intersect orthogonally at the
centre of curvature (X). .

5. A display system, according to any preceding claim,
wherein the optical system (7) comprises a relay lens
arrangement (9, 13) incorporating a fold mirror (11) and is
arranged to direct rays of light from the display source (1)
downwardly onto a forward facing mirror surface (15) mounted
above a face aperture of the helmet, which serves a reflect
rays from the relay lens arrangement (9, 13) forwardly and
downwardly onto the visor (5).



