PATENT SPECIFICATION

(21) Application No. 50540/76

1577 618

(51) INT. CL.>GO5D 3/14

(52) Index at acceptance
G3R A22 A273 BC22

(72) Inventor GEORGE MANN

(22) Filed 3 Dec. 1976
(23) Complete Specification filed 1 Dec. 1977
(44) Complete Specification published 29 Oct. 1980

(1 1577 618

(54) IMPROVEMENTS IN OR RELATING TO DISPLAY SYSTEMS

(71) We, SMITHS INDUSTRIES
LIMITED, a British Company of Crick-
lewood, London NW2 6JN, do hereby
declare the invention, for which we pray

5 that a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the follow-
ing statement:—

This invention relates to display systems.

10 The invention is especially, though not
exclusively, concerned with aircraft head-up
display systems, that is to say, with systems
in which the display of symbols generated
on the screen of a cathode-ray tube is pro-

15 jected onto a partially-transparent reflector
to provide an image of the display against
the background of the external scene
through the aircraft windscreen. The display
unit containing the cathode-ray tube is con-

20 veniently mounted rigidly in the aircraft
together with the reflector to ensure that the
projected display can be appropriately
related to the external scene. The reflector,
furthermore, is rigidly mounted on the dis-

25 play unit to ensure freedom from the effects
of vibration or other operational displace-
ments between the display unit and the
reflector that would otherwise cause oscilla-
tion or other stabilization errors in location

30 of the symbology as viewed in the reflector.
There are disadvantages in the need in this
respect to mount the normally-bulky display
unit with the reflector immediately in front
of the pilot or other crew member of the

35 aircraft, and it is one of the objects of the
present invention to provide a form of dis-
play system that may be used to overcome
these disadvantages.

According to the present invention there

40 is provided a display system including a dis-
play unit and an optical element, the system
being arranged such that a display represen-
tation provided by the display unit is to be
viewed via the optical element, wherein

45 means is provided to respond to displace-

ment from a reference established with
respect to said display unit, of an image that

is derived via said optical element from the
display representation, and wherein means

is arranged to modify the disposition of said 50
display representation in accordance with
the said response in such a manner as to
compensate for movement of said optical
element relative to said display unit.

The display unit may include a cathode- 55
ray tube to provide the display representa-
tion, and in these circumstances the refer-
ence established with respect to the display
unit may be a point image of the cathode-
ray beam or trace appearing on the 60
cathode-ray tube screen. In the latter case
the image derived via the optical element
may be an image of the cathode-ray beam or
trace, and the modification of the disposi-
tion of the display representation performed 65
may then be applied by adjustment of
deflection of the cathode-ray beam in such a
manner as to cancel out displacement bet-
ween the two images. Images may addition-
ally be derived from one or more light 70
sources rigidly-mounted with respect to the
cathode-ray tube within the display unit.

The said optical element of the display
system may be a partially-transparent reflec-
tor and in this respect the system may be a 75
head-up display system where the reflector
is located in front of the observer and the
display unit for projecting a display onto the
reflector is located elsewhere, for example,
behind the observer.

A display system in accordance with the
present invention, for use in providing a
head-up display in a military aircraft, will
now be described, by way of example, with
reference to the accompanying drawings, in 85
which:—

Figure 1 is a schematic representation of
the head-up display system as installed in
the aircraft;

Figure 2 is illustrative of symbology 90



1577 618 ‘ 2

involved in the display provided by the sys-
tem of Figure 1;

Figure 3 is a schematic representation of
the display system of Figure 1 in plan;

5  Figure 4 illustrates part of a sensor that
may be used in the display system of Figure
1; and

Figures 5 and 6 serve to illustrate modifi-

cations of the display system of Figures 1
10 and 3.

Referring to Figure 1, a partially-
transparent reflector 1 of an optical com-
biner unit 2 is mounted in front of the pilot
inclined to his line-of-sight 3 through the

15 aircraft-windscreen 4. A display of flight

arameters and weapon-aiming information

is projected onto the reflector 1 so that the

pilot sees the display image in his line of

sight 3 against the background of the exter-

20 nal scene through the windscreen 4. The

display is projected from the screen 5 of a

cathode-ray tube 6 within a display unit 7

that is mounted behind the pilot, and is col-

limated within the unit 7 so as to be seen by

25 the pilot substantially at infinity in the
reflector 1.

The information displayed in the reflector
1 includes, as illustrated in Figure 2,
analogue presentation of aircraft attitude

30 involving an horizon symbol 8 (in the form
of two spaced and aligned bars) and a
flight-vector symbol 9 (in the form of a cir-
cle with short laterally-extending arms). The
flight-vector symbol 9 is displayed on the

35 screen S of the cathode-ray tube 6 in such a
manner that its image remains stationary in
the pilot’s field of view through the reflector
1. The horizon symbol 8, however, moves so
as to be seen by the pilot to be displaced

40 angularly, and also up and down, relative to
the symbol 9, in accordance with bank and
pitching movements respectively of the air-
craft. The weapon-aiming information on
the other hand, involves a marker symbol 10

45 (illustrated in the form of a cross) that is
moved in the display on the screen 5 so as to
be seen by the pilot in image against the
external scene through the windscreen 4.
The symbol 10 denotes in relation to the

50 external scene the line of aim of the aircraft
weapon-system (or a selected part of it) to
an identified target, and the pilot’s task is to
manoeuvre the aircraft to bring the symbol
10 within the flight-vector symbol 9 and

55 accordingly align the aircraft appropriately
for firing of the weapon system.

The electric signals required to produce
the display of flight and weapon-aiming
information on the screen 5, are supplied to

60 the cathode-ray tube 6 from a waveform
generator 11. The waveform generator 11
generates the relevant video signals in
accordance with signals it receives from
appropriate attitude, and other, sensors 12

65 and a weapon-aiming computer 13 within

the aircraft. In this respect it is to be under-
stood that the display as generated and
embodied in the video signals supplied to
the cathode-ray tube 6, may embrace a
wider variety of information than that 70
involved in the basic form illustrated in Fig-
ure 2. Any of the information may be pre-
sented in digital or analogue form, or both,
and may be displayed on the screen 5 using
cursive or raster-scan display techniques. 75
However, for the purposes of initial descrip-
tion of the system of Figure 1 use of a cur-
sive technique, in which the cathode-ray
beam is deflected in accordance with the
video signals from the waveform generator 80
11 to trace out the display symbology, will

be assumed.

Referring to Figure 3 in addition to Fig-
ure 1, the display unit 7 mounted behind the
pilot, includes a lens 20 for projecting an 85
image of the display on the screen 5 of the
cathode-ray tube 6 into the focal plane of a
lens 21 that forms part of the combiner unit
2. The collimated light from the lens 21 is
reflected via a reflecting surface 22 onto the 90
partially-transparent reflector 1 so as to be
superimposed on the pilot’s view of the
external scene along the line-of-sight 3. The
lens 20 and the pilot’s eyes are desirably in
conjugate foci with the lens 21 so that the 95
exit pupil of the system is located in the
plane of the eyes.

Some of the collimated light from the lens
21 passes through the reflector 1 to be
reflected via a reflecting surface 23 to a lens 100
24. The lens 24 is similar to the lens 21 and
the image of the display formed in its focal
plane is focussed via a lens 25 and mirror 26
of the unit 7 onto an electro-optical position
sensor 27 which provides output signals in
accordance with X-and Y-coordinates of
position of the image.

The sensor 27 may take many different
forms, and may, for example, include a mat-
rix array of photo-responsive devices. Fig-
ure 4 shows a part of one such arrangement
including a matrix array 28 of photoconduc-
tive devices X,Y, to X,Y, which may be
provided, for example, by a thin-film array
of cadmium sulphide sensors. A constant 115
current I is supplied on line 29 to each of the
devices X,Y, to X,Y, via resistors Ry to R,.
When a light image of the display falls on
one of the devices, such as, for example, the
device X,Y,, it causes it to conduct and 120
thereby causes current to flow through the
resistor R, to the current divider formed by
the resistor Ry,. The current divider Ry,

rovides a current i,, proportional to the

-coordinate of the device illuminated, 125
which is supplied via a summing amplifier
30 for use in providing an output in accor-
dance with the Y-coordinate of the image of
the display. Similarly, a voltage is derived
which is proportional to the X-coordinate of 130
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the image of the display. In this case, the
voltage across the resistor R,, caused by
flow of current through the device X,Y,, is
supplied to a voltage divider including a

5 resistor Ry, which provides a voltage v,
which is in turn supplied via a second sum-
ming amplifier 31 for use in providing an
output in accordance with the X-coordinate

of the light image of the display. The sensor

10 27, rather than responding as the pilot does
to a time-integrated form of the display
image, responds to the point image of the
cathode-ray beam as it traces out its cursive
path across the screen 5. The sensor 27
15 therefore provides signals in accordance
with the X- and Y-coordinates of the instan-
taneous position of the cathode-ray beam as
represented by the image transmitted via
the combiner unit 2. These signals are sup-
20 plied to respective differential amplifiers 32
and 33 for comparison with reference sign-
als derived by another electro-optical sensor

The sensor 34, which like the sensor 27
25 may be provided by a matrix array of
photo-responsive devices, derives the refer-
ence signals in accordance with the X- and
Y-coordinates of the instantaneous position
of an image of the cathode-ray beam pro-
30 duced by a lens 35 within the unit 7. The
lens 35 focusses the point image on the sen-
sor 34 from a partially-transparent reflector
36 located in the unit 7 between the screen 5
and the lens 20. Thus in contrast to the X-
35 and Y-coordinates of instantaneous position
signalled from the sensor 27, the X- and
. Y-coordinates signalled from the sensor 34
are unaffected by any vibration or other dis-
placement occurring in operation between
40 the combiner unit 2 and display unit 7. More
particularly the signals supplied to the amp-
lifiers 32 and 33 from the sensor 34 are
coordinated to the instantaneous position of
the point image of the cathode-ray beam
45 within the display area, as this should
appear stabilized in the reflector 1 against
the external scene. Vibrations or other dis-
placement of the unit 2 relative to the unit 7
tend to produce errors of location of the
50 point image against the external scene
through the reflector 1, but any such errors
are also manifested in differences between
the signals supplied by the sensor 27 and the
reference signals supplied by the sensor 34.
55 Accordingly the output signals of the ampli-
fiers 32 and 33, derived from the differences
between the two signals of each pair com-
pared, are representative of corrections
appropriate to cancellation of display-
60 stabilization errors in the X- and
Y-coordinate directions respectively.
The output signal of the amplifier 32, as
. ap%ropriate for correction of the di?lay-
stabilization error in the X-coordinate direc-
65 tion, is added in an amplifier 37 to the

X-coordinate deflection-waveform supplied
from the waveform generator 11 to the
X-deflection yoke 38 of the cathode-ray
tube 6. Similarly, the output signal of the
amplifier 33 is added as appropriate for cor-
rection of the display-stabilization error in
the Y-coordinate direction, to the
Y-coordinate deflection waveform in an
amplifier 39 that supplies the Y-deflection
yoke 40 of the cathode-ray tube 6 from the
waveform generator 11. There is thus estab-
lished a closed-loop control system for can-
celling out the effects of vibrations or other
operational displacements between the
combiner unit 2 and the display unit 7. The
need for rigid mounting of the unit 2 is
thereby avoided; the unit 2 may therefore
be mounted independently of the unit 7 on,
for example, the cockpit canopy.

The control loop established for the cur-
sive display may be supplemented for any
symbology written outside the central
display-area by use of one or more auxiliary
light sources. For example as illustrated in
Figure 3, two light-emitting diodes 41 are
mounted with a slight lateral spacing from
one another to superimpose, via the reflec-
tor 36, two points of light outside the exit
pupil for the principal-symbology image
projected from the screen S onto the reflec-
tor 1. Any error in stabilization of these
point images in the reflector 1 is manifested
in differences between, on the one hand, the
X- and Y-coordinates of their images pro-
jected onto the sensor 27, and on the other
hand, the reference X- and Y-coordinates
established at the sensor 34 by the images
transmitted through the reflector 36 directly
from the diodes 41. The signals in accor-
dance with these differences supplied from
the amplifiers 32 and 33 to the amplifiers 37
and 39 respectively, serve to ensure approp-
riate supplementary correction of stabiliza-
tion in rotation as well as in the X- and
Y-directions.

In those circumstances in which raster-
scan, rather than cursive, display techniques
are used the corrective control-signals
derived by the amplifiers 32 and 33 from the
output signals of the sensors 27 and 34
would be applied to effect appropriate dis-
placements to the line-scan and frame-scan
time-base waveforms which in this case are
supplied to the amplifiers 37 and 39 from
the waveform generator 11 to provide the
raster scan.

The light sources could be mounted to
provide point (or perhaps, line) images
within the exit pupil; the light may be infra-
red, or the sources may be pulse-energized,
such that these images are not visible to the
eye.

It is important to note that the reflecting
surface 23 is to be rigidly fixed with respect
to the reflector 1. Consequently the surfaces

70

75

80

85

90

95

100

105

110

115

120

125

130



1577 618 4

22 and 23 together with the lenses 21 and
24 and the reflector 1 can conveniently be
integrated into a single element. More espe-
cially the unit 2 can be conveniently pro-
5 vided as angled surfaces 22 and 23 of a solid
optical element, with the reflector 1 estab-
lished as the interface between two parts
and the lenses 21 and 24 formed integrally
or alternatively cemented, or otherwise

10 rigidly secured, in place.

Variation in system configuration from
that illustrated in Figure 3 may readily be
provided. For example, a single path bet-
ween the units 2 and 7 may be utilized, by

15 positioning a plain mirror at right-angles to
the light passing through the reflector 1 to
reflect this back via the reflector 1, the sur-
face 22, the lenses 21 and 20 and thence to
the sensor 27 appropriately relocated. Such

20 modification may more readily enable
orientation of the system of Figure 3 into a
vertical, rather than the horizontal, plane.
Further modifications of the system of Fig-
ure 3 are illustrated in Figures S and 6.

25 The system of Figure 5 is a dual projec-
tion system in which two cathode-ray tubes
are utilized to provide a wider field of view
in azimuth and also, by duplication, a degree
of redundancy against display-equipment

30 failure.

Referring to Figure 5, images of the dis-
play provided by the two cathode-ray tubes
50 and 51 in the display unit 52 are reflected
into the pilot’s line-of-sight 53 through the

35 combiner unit 54, from partially-transparent
reflectors 55 and 56 respectively; the two
display-images overlap slightly to provide
binocular vision. One or more light-emitting
diodes 57 provide additional light images

40 for closed-loop control via electro-optical
position sensors 58 and 59 and differential
amplifiers 60 and 61.

Figure 6 illustrates a modification of the
system of Figure 5 in which the reflectors 55

45 and 56 are separated in order to afford dual
peripheral head-up display, that may be util-
1zed, for example, to supplement a primary
head-up display in the normal line-of-sight
53 forward of the aircraft.

50 WHAT WE CLAIMIS:—

1. A display system including a display
unit and an optical element, the system
being arranged such that a display represen-
tation provided by the display unit is to be

55 viewed via the optical element, wherein
means is provided to respond to displace-
ment from a reference established with
respect to said display unit, of an image that
is derived via said optical element from the

60 display representation, and wherein means
is arranged to modify the disposition of said
display representation in accordance with
the said response in such a manner as to
compensate for movement of said optical

65 element relative to said display unit.

2. A display system according to Claim
1, wherein said reference is provided by
another image of said display representa-
tion, said other image being derived within
said display unit. 70

3. A display system according to Claim
1 or Claim 2, wherein said display unit
includes a cathode-ray tube, and wherein
the said display representation is arranged
to be provided by the cathode-ray tube. 75

4. A display system according to Claim
3, wherein the disposition of said display
representation is arranged to be modified by
adjustment of the deflection of the
cathode-ray beam in the cathode-ray tube. 80

5. A display system according to any
one of the preceding claims, wherein said
display unit includes a first sensor that is
arranged to receive the image of said display
representation derived via said optical ele- 85
ment, and a second sensor that is arranged
to receive another image of said display rep-
resentation derived within said display unit,
and wherein the disposition of the display
representation is arranged to be modified in 90
accordance with the difference between the
outputs of the first and second sensors.

6. A display system according to Claim
5, wherein said first and second sensors
include an array of photo-responsive 95
devices.

7. A display system according to any
one of the preceding claims, wherein said
display unit includes a light source mounted
with it, wherein an image of said light source 100
is derived via said optical element, and
wherein the means for responding to dis- .
placement of the image of the display rep-
resentation derived via the said optical ele-
ment is arranged to respond also to dis- 105
placement from a reference established with
respect to the display unit of the image of
said light source derived via the said optical
element.

8. A display system according to Claim
7, wherein the said light source is located at
a position spaced from the centre of the dis-
play.

9. A display system according to any
one of the preceding claims, wherein the 115
said optical element includes a partially-
transparent reflector that is arranged to
reflect an image of the display to an
observer.

10. A display system according to any 120
one of the preceding claims and for use in an
aircraft, wherein the said display unit is
arranged to provide a display of symbology
representative of flight parameters of the
aircraft. 125

11. A display system substantially as
hereinbefore described with reference to
Figures 1 to 4 of the accompanying draw-
ings.

12. A display system substantially as 130

110
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hereinbefore described with reference to  Figures 1, 2, 4 and 6 of the accompanying
Figures 1, 2, 4 and S of the accompanying  drawings.

drawings. For the Applicants,
13. A display system substantially as E. SWINBANK,
5 hereinbefore described with reference to Chartered Patent Agent.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980. Published at the
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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