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(54) Missile Guidance
(57)  Missile guidance involving projection of laser

light to define a Laser Information Field (LIF) is augment-
ed by interposition of information pulses, interleaved be-

tween laser emissions establishing the LIF. Information
pulses encode further information for receipt by a missile,
such as an angle of roll of a missile launch platform from
which the LIF is emitted.
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Description

[0001] The present invention relates to missile guid-
ance, and particularly to laser assisted missile guidance.
[0002] Missile guidance using lasers has been known
for some considerable time. For example, UK Patent
1517794 discloses the general principle that laser missile
guidance can be implemented.

[0003] A laser beam riding missile guidance system
typically comprises a guidance laser operable to gener-
ate an intermittently projected laser beam which is direct-
ed to form a Laser Information Field (LIF). In general
terms, a LIF is a divergent projection of a laser beam,
describing a volume which is, in cross section relative to
the direction of projection, substantially rectangular. The
LIF is formed by scanning and sweeping a laser beam
across (azimuth) and down (elevation) with respect to a
general projection direction.

[0004] Bymodulatinganinformation signal bearing po-
sitional data on to the laser beam forming the LIF, a mis-
sile with a suitable detector in its rear face can determine
its position relative the bounds of the LIF, from the re-
ceived positional data. If the missile has suitable guid-
ance mechanisms, it can alter its trajectory to maintain
a particular position relative the LIF, or use the L1F as a
means of steering towards a target. In one example, the
positional data is used by a missile to detect the displace-
ment of its trajectory from a centre line of the LIF (in the
beam projection direction) and to make suitable adjust-
ments to its flight control in order to bring itself to the
centre of the LIF. The reader will appreciate that standard
control techniques can be used to achieve this, and such
is beyond the scope of this disclosure.

[0005] A problem with existing implementations is that
there is no continuing communications link from a launch
platform to a missile, once a missile has been launched
from its canister. Missile parameters, such as the fuse
setting of the missile (i.e. when the operator of the missile
desires an explosive element of the missile to activate),
have to be set before firing and cannot be changed there-
after.

[0006] The LIF as described above also only provides
a static positional reference frame, as it is essentially
merely a two dimensional grid of laser pulses. A missile
fired in such a reference frame calculates its azimuth and
elevation displacement (i.e. its pitch and yaw), with re-
gard to the LIF, by detecting spacing between laser puls-
es defining grid lines in the LIF.

[0007] Existing implementations, such as that de-
scribed above, have no facility to enable a missile to de-
tect roll of the launch platform from which the LIF is pro-
jected, and thus the orientation of the LIF itself. Thus, the
extent to which a positional decoding is correct depends
on the launch platform remaining substantially horizontal
with respect to the ground. If the launch platform is sub-
ject to roll, then this will distort the reference frame pro-
vided by the LIF.

[0008] In asystem such as described above, including
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a launch platform not mounted on the ground, and so is
subject to roll, then means for stabilising this roll is often
provided. This is evident in the case of a launch platform
on a ship. This can be a mechanical roll stabilisation de-
vice. It may also be possible to include roll stabilisation
in a large aircraft.

[0009] However, on smaller installations, such as on a
helicopter or an unmanned airborne vehicle (UAV), roll
stabilisation can be difficult to achieve. This is due to the
size and weight of roll stabilisation devices, and the ca-
pacity of a smaller vehicle to accommodate large me-
chanical devices of such nature. Further, in such instal-
lations, there may be severe constraints on the mass and
size of supplied additional equipment, both in terms of
space and also payload.

[0010] Moreover, the capability of any roll stabilisation
device to eliminate the effect of roll on a LIF generator
will inevitably be limited. This applies to the range of ro-
tational displacement (roll) which might arise, or the rate
of change of roll of such a launch platform. This can be
such that the range and rate of change of roll can exceed
the capability of a practical roll stabilisation device, par-
ticularly if the launch platform is itself relatively small (and
thus more susceptible to external atmospheric and hy-
drostatic forces) and manoeuvrable.

[0011] Accordingly, rather than rely on the ability of a
launch platform to stabilise roll, or to compensate for it,
an aspect of the invention provides an approach which
involves detecting roll, and conveying information de-
scribing detected roll to a missile during flight. This is
done using a system which otherwise would be used for
guidance of the missile.

[0012] An aspect of the invention involves implemen-
tation of a laser based missile guidance system which
does not rely on moving a guidance laser beam to com-
pensate for roll, but rather to project, to an intended re-
cipient, information to enable the recipient projectile to
compensate for roll at the launch platform, and thus to
counter the effect of roll on the guidance laser beam.
[0013] An aspect of the invention provides a missile
launch platform operable to establish wireless commu-
nication with a missile launched therefrom, the platform
comprising roll measurement means operable to deter-
mine roll of said platform with respect to a reference
frame, and roll information communication means oper-
able to emit a signal towards a launched missile, the sig-
nal bearing roll information describing roll of said platform
relative to said reference frame.

[0014] The roll information may comprise roll angle in-
formation. The roll measurement means may comprise
a sensor on the launch platform operable to measure roll
angle. The roll measurement means may comprise roll
information encoding means operable to encode roll in-
formation prior to emission. The roll information encoding
means may be operable to encode roll information into
apiece of digital information. In one embodiment, a piece
of digital information comprises a binary code. The binary
code may comprise a six bit binary word.
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[0015] The roll information may be linearly quantised
into the binary information.

[0016] The launch platform may comprise laser emis-
sion means operable to emit a laser beam suitable for
bearing information, the laser beam being suitable for
detection by a launched missile. The laser emission
means may be operable to emit one or more positional
laser pulse trains intended to impart positional informa-
tion to a launched missile on which said laser beam is
incident. The launch platform may be configured to im-
pose said signal bearing roll information on said laser
beam.

[0017] Another aspect of the invention comprises a
missile comprising a laser beam detector operable to de-
tect a laser beam incident thereon and to resolve an in-
formation bearing signal therefrom, a signal processor
operable to extract, from a received signal, position in-
formation and roll information, and a missile flight con-
troller operable in accordance with extracted position in-
formation and roll information to control flight of said mis-
sile.

[0018] Further aspects, features and advantages of
the invention will become apparent from the following
description of a particular embodiment thereof, with ref-
erence to the accompanying drawings, in which:

Figure 1is a schematic diagram of a missile guidance
beam generator in accordance with an embodiment
of the invention;

Figure 2 is a schematic cross section of a laser guid-
ance beam emitted by the generator of figure 1, over
a period of one sweep from top to bottom for a laser
diode V and from left to right for a laser diode H;

Figure 3 is a timing diagram of pulses emitted by the
generatorin pursuit of emission of the laser guidance
beam of figure 2, in an example in the field of the
embodiment of the invention;

Figure 4 is a timing diagram of pulses emitted by the
generatorin pursuit of emission of the laser guidance
beam of figure 2, in accordance with an embodiment
of the invention;

Figure 5 is a schematic diagram of a missile for use
with the embodiment illustrated in figure 1; and

Figure 6 is a schematic diagram of architecture of
the missile of figure 5.

[0019] Referring to figure 1, a missile guidance beam
generator 10 is shown schematically in figure 1, but the
reader will understand thatit will comprise an outer casing
suitably adapted to be affixed to a barrel of a launcher,
by conventional means.

[0020] The generator 10 is operable to generate a La-
ser Information Field (LIF). While the structure by which
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this is delivered will be described in due course, the read-
er will benefit from a functional description also.

[0021] As a missile is primed for launch, its guidance
circuitry is synchronised with the beam generation appa-
ratus 10. The LIF is projected by the generator 10, such
that a receiver of the missile synchronises with the LIF.
Through this, the missile can gather information about
its position relative to the intended trajectory defined by
the projected LIF, and make any adjustments to its flight
control apparatus that might be required in order to main-
tain that trajectory.

[0022] The manner in which this is implemented in ac-
cordance with the specific embodiment will now be de-
scribed with reference to figure 1. The generator 10 com-
prises two laser diodes 22, 24 each assigned to gener-
ation of laser light in response to control signals from a
controller 30. In use, the missile guidance beam gener-
ator 10 will be affixed to a barrel of a launcher of a missile
adapted to receive laser light projected from the gener-
ator 10, or to a land platform. A roll sensor 32 provides
a signal to the controller 30, for the insertion of roll infor-
mation into the stream of pulses generated by the laser
diodes 22, 24 as will be described in due course.
[0023] Each laser diode 22, 24 is configured to corre-
spond to lines of a LIF, such as that illustrated in figure
2, extending in one direction. Thus, the laser diode 22 is
denoted "laser diode H" (horizontal) and laser diode 24
is denoted "laser diode V" (vertical) in figure 1. Laser
diode 22 is responsible for the generation of the horizon-
tal lines of the LIF, and laser diode 24 is responsible for
the generation of the vertical lines of the LIF.

[0024] Each line of the LIF is created by the scanning
action of a LIF generator 26. This takes, as an input,
pulses of light generated by the laser diodes 22, 24. It
scans this light across the field of projection intended to
be imparted with the LIF and then passes the scanned
light to beam angle optics 28 for conditioning of the beam
of light for output.

[0025] The light generated by each diode is emitted in
the form of pulses. For signalling reasons, light is emitted,
by each diode, in sequences of two pulses. Each com-
bination of two pulses is known as a doublet. The dou-
blets are spaced in time, by a predetermined delay, so
thatareceiver, furnished with information as to the delays
used, can detect the presence of a doublet and thus the
presence of light of the LIF. From knowledge of the ex-
pected arrangement of doublets across a scanned LIF,
a missile in receipt of light from the generator 10 can
determine its position relative to an intended trajectory
and make any necessary adjustments to its flight path.
Accordingly, the LIF can be thought of as being the pro-
jection, across time and space, of pulses encoding posi-
tional information, from which a suitably configured re-
ceiver can determine its position relative to the path de-
fined by the LIF.

[0026] Figure 3illustrates an example emission of light
pulses by the generator 10, over time. This arrangement
is conventional, and exemplary of the field of the inven-
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tion, but not part of the invention per se.

[0027] Inthe upper line, pulses of light emanating from
the laser diode 22, governing pitch of the missile, are
illustrated. In the lower line, a pulse train from the laser
diode 24 is illustrated, from which a suitable receiver can
determine yaw from an ideal trajectory.

[0028] A pitch doublet is indicated in the upper line,
denoted pulses P1 and P2. The doublet is emitted peri-
odically, with a period T,p,. The time between P1 and P2
is also predetermined, denoted P in figure 3. The pitch
doublet is validated by pitch validity detection windows
c, d, e, at times t, ty, and t, after the first pitch doublet
pulse P1. A receiver, intended to detect the presence of
a pitch doublet, will validate a pitch doublet by the ab-
sence of pulses to these windows. Times t;, ty, and tg
are predetermined, and known to the receiver. Presence
of pulses at these times will cause the receiver to reject
detected pulses as instances of pulses P1 and P2.
[0029] Assuming that pulses c, d and e are not detect-
ed, P1and P2 are detected. The spacing in time between
P1 and P2 and the following pair of P1 and P2 (T\p)) is
encoded, and defines the position of the receiver in the
pitch direction. Spacing between the two pairs of pulses
varies with pitch.

[0030] The receiver synchronises to the time of receipt
of P1. A predetermined time (P-Y) after transmission of
P1, the laser diode 24 dedicated to emission of yaw dou-
blets is energised, and issues a pair of pulses Y1 and
Y2, spaced apart by a time Y which varies in the yaw
direction swept across the LIF. By this, the receiver can
detect its yaw. The yaw pulses Y1, Y2 are validated by
the determination that no pulses are detected in yaw val-
idation windows a, b, e, f, at respective times t, t,, t, and
t; after the emission of pulse Y1. It should be noted that
the use of the notation t, to describe the position of yaw
validation window e does not imply that yaw validation
window e is positioned at the same time lapse after lead
pulse Y1 as the spacing of pitch validation pulse e after
P1.

[0031] The pitch and yaw pulses, are positioned so as
to limit the possibility of the laser diodes being overheat-
ed, or otherwise being subject to deleterious conse-
quences as aresult of over-use. They are also positioned
so as to provide, as far as possible, uniquely identifiable
time periods between pulses, so that pulses can be dis-
tinguished by the receiver.

[0032] Figure4showsthe same arrangementof pulses
as in Figure 3, with the additional imposition of roll infor-
mation pulses. These are in positions, taking further ac-
count of the need not to exceed the duty cycles of the
two laser diodes 22, 24.

[0033] A first roll pulse Ry is positioned directly after
the first pitch validation window c. If emitted, it is emitted
by the yaw laser diode 24.

[0034] Asecondrollpulse Ry is positioned directly after
the first roll pulse Ry, and before the second pitch vali-
dation window d. If emitted, it is emitted by the pitch laser
diode 22.
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[0035] A third roll pulse R, is positioned directly after
the second pitch validation window d and before the third
pitch validation window e. If emitted, it is emitted by the
yaw laser diode 24.

[0036] A fourth roll pulse Rj is positioned directly after
the third pitch validation window e and before the first
yaw pulse Y1. If emitted, it is emitted by the pitch laser
diode 22.

[0037] Afifthroll pulse R, is positioned after the second
yaw pulse Y2 and before the third yaw validation window
e. If emitted, it is emitted by the pitch laser diode 22.
[0038] A sixth roll pulse Rg is positioned directly after
the fifth roll pulse Ry, again before the third pitch valida-
tion window e. If emitted, it is emitted by the yaw laser
diode 24.

[0039] The positions of these pulses does not interfere
with the framework illustrated in figure 3. That is, none
of the pulses coincides with the validation windows, and
so no false invalidation of doublets should arise as a re-
sult of inclusion of these pulses. Thus, backwards com-
patibility of the arrangement of figure 4 with the arrange-
ment of figure 3 (expected by missiles not configured for
use with an embodiment of the present invention) is pre-
served.

[0040] These pulses are selectively emitted by the LIF
generator 10, in the described and illustrated positions.
The six-bit binary word RsR4R3R,R4Rq (where Ry is the
least significant bit) denoted by the presence or absence
of the respective pulses in the emitted (and detected)
pulse train convey binary encoded information to the re-
ceiver concerning roll of the launch platform on which the
LIF generator 10 is mounted. That way, the receiver can
make adjustments to its interpretation of the spacings, in
time, between the pitch doublet pairs of P1 and P2, and
between the yaw doublet pairs of Y1 and Y2, to determine
its pitch and yaw on the desired trajectory.

[0041] Inthis embodiment, the presence of a roll pulse
conveys a"1"value of the respective bit, and the absence
thereof conveys a "0" value. The reader will appreciate
that an arrangement in which the opposite holds true
could equally be implemented.

[0042] The six-bit binary number encodes the range of
roll angle which the launch platform can be expected to
experience. In this embodiment, with 64 possible sym-
bols available for use, a roll angle range of =45° is en-
coded. Given that, for operational needs, resolution to 2°
may be sufficient, the full range of possible roll angles
canbeencoded using 46 symbols. This leaves 18 unused
symbols. One of these symbols will be 000000 which is
reserved as it consists of the absence of all roll informa-
tion pulses (which might occur for numerous operational
reasons).

[0043] Thus, 17 symbols can be used for other purpos-
es. These symbols could be used to convey other infor-
mation, or operational commands, a facility not available
previously. For example, symbols could be assigned to
a command to change a missile parameter, to provide
updated course information, fuse settings, or to order the
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missile to leave the missile guidance system.

[0044] The symbols could be employed as single word
commands, or could equally be assembled into an in-
struction set comprising sequences of words.

[0045] A LIF is constructed by scanning the light emit-
ted by the two lasers across a defined and constrained
space. The laser diode emissions are scanned across,
left to right and top to bottom, which forms a forward
sweep, then right to left and bottom to top, which forms
a backward sweep. A forward sweep and backward
sweep constitute a scan cycle.

[0046] A LIF comprises a number, X, of doublets and
(X-1) inter pulse intervals (IPI). A doublet is formed by
two laser pulses, such as P1 and P2 for pitch, as per the
above example. An IPl is the spacing between two dou-
blets.

[0047] Thus, Figures 3 and 4 illustrate, for each diode,
a time interval commensurate with a doublet projection
and an IPL.

[0048] The presentembodimentimplements arequire-
ment for the roll pulse information to be consistent over
the full extent of two sweeps, thus over a full scan back
and forth. Thus, redundancy will be imparted, which can
be used to error check the roll pulse information. This is
because noise could arise at a single roll pulse position,
which would erroneously convey a "1" value where a "0"
value would actually have beenintended. This error could
have serious consequences if left unchecked.

[0049] The present embodiment employs a bit inver-
sion scheme. Thus, while the information conveyed in a
first scan sweep may be "010101", that in the subsequent
scan sweep will be "101010". The received words can
then be compared, on a bitwise basis, for instance using
an XOR operator. In that case, if the XOR operator de-
tects identity of any of the bits, then an error is detected.
The data will then be disregarded.

[0050] Figure 5 illustrates a schematic diagram show-
ing a missile for use with the above described embodi-
ment. Figure 6 shows a schematic diagram of a controller
in that missile. As shown in figure 5, the missile 50 com-
prises a generally tubular body with a conical nose por-
tion and a tail. In the tail, a detector 52 is positioned,
operable to detect laser light of the frequency adopted
by the laser diodes 22, 24. The detector passes signals
corresponding to detected laser light to a controller 54,
which controls attitude of canards 60 which provide aer-
odynamic control surfaces for use in controlling flight of
the missile. A fuse 56 provides ignition of ordnance 60.
The fuse 56 is under the control of the controller 54, which
might have other detection means to enable ignition to
be controlled relative to position, altitude, or any other
external condition.

[0051] Figure 6 shows operation of the missile. In es-
sence, figure 6 shows a functional architecture of the
controller 54, in response to pulses detected by the de-
tector 52. Such pulses are fed to a LIF decoding unit 102
which decodes LIF pulsesinaccordance with established
techniques. Roll pulses are detected and the information
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conveyed therein is loaded into a roll pulse register 108.
The roll pulse information is passed to a roll pulse de-
coder 108 which acts, in accordance with the encoding
scheme used to encode the roll angle, to detect whether
a roll angle is stored in the conveyed information, or if,
in accordance with a predefined instruction set, an in-
struction is being conveyed.

[0052] Inresponse to this, relevant information is sent
to a missile dynamics controller 104. This may be a com-
pensatory signal intended to correct a roll, or to correct
interpretation of the LIF data which may be distorted by
roll. It may also be to override LIF control of the missile,
in view of an instruction, for example, to leave the trajec-
tory and to follow an alternative trajectory. Missile dy-
namics control signals are sent by the missile dynamics
controller 104 to the canards 60.

[0053] Advantages associated with features of the
presently described embodiment are numerous. In par-
ticular, the intention is that the presently described ar-
rangement is to be compatible with existing missile com-
munication. It is expected to impart greater robustness
and reliability to the issue of missile guidance and com-
munication, and to offer relatively high resolution guid-
ance. Further, by using different information signalling
techniques than were hitherto appreciated, it is expected
that greater information capacity will ensue.

[0054] Backwards compatibility is achieved because
the additional laser pulses, as previously described, are
positioned in the LIF emission such that there is no in-
terference with the position decoding, itself provided by
existing LIF pulses. There is no interference with the po-
sition decoding carried out by LIF guided missiles, and
so the present arrangement can be used by LIF guided
missiles which have not been reconfigured by an ar-
rangement in accordance with the described embodi-
ment - a "legacy" system of such type would not be af-
fected by the additional roll pulses.

[0055] The presently described embodiment takes ac-
count of the various advantages of digital technology in
its implementation. This is exemplified by the encoding
of the roll information in binary form. Detecting and de-
coding of binary information is generally straightforward
and not prone to error. An error checking mechanism is
employed, in the described embodiment, which provides
an additional layer of robustness to the inherent advan-
tages of digital communication. This can take account of
any data corruption which might arise, for instance as
the result of noise or interference. Update of roll informa-
tion is aligned, in the described embodiment, with posi-
tion update information, and thus a position update can
be corrected by the latest received roll information.
[0056] Resolution, of a device in accordance with the
described embodiment, can be relatively high, in com-
parison with existing devices. This is because the number
of bits in the binary code determines the number of dif-
ferent combinations that is available. The range of roll
that can be produced by a launch platform needs to be
encoded into the binary code, and so the number of com-
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binations available in the binary code will define the res-
olution across thatrange. For envisaged purposes, ares-
olution of 2 degrees is considered sufficient, and the pro-
posed binary code is capable of delivering this resolution.
[0057] Besides conveying roll data to the missile, the
described embodiment could also be further adapted to
transmit other messages to the missile, such as a com-
mand to the missile to stay on course without further laser
guidance, to change its deployment configuration such
as fuse settings, to activate other on-board navigation
systems, and so on. The disclosure need not be read as
being limited to any particular implementation. This en-
ables much greater control over a missile than was pre-
viously considered possible. In the above disclosure, it
is envisaged that words of the binary code are fixed in
length, but the reader will appreciate that words could be
concatenated to represent data requiring a longer bit
string. Thus, the capacity of the embodiment to convey
information is not limited to the length of the word defined
in the particular embodiment.

Claims

1. A missile guidance apparatus comprising laser
beam projection means operable to project a laser
beam comprising a scanned projection of laser beam
pulses, the laser beam pulses comprising, in use
first laser beam pulses scanned in a first direction,
substantially orthogonal to a beam projection direc-
tion, tracing grid lines in said first direction; and
second laser beam pulses scanned in a second di-
rection, substantially orthogonal to the first direction
and to the beam projection direction, tracing grid
lines in said second direction;
wherein the laser beam projection means is further
operable to selectively project third laser beam puls-
es, at positions in time interposed between said first
laser beam pulses and said second laser beam puls-
es, so that said third laser beam pulses do not inter-
fere with said first and second laser beam pulses,
said third laser beam pulses encoding information
foruse by arecipientreceiver of said third laser beam
pulses.

2. Apparatus in accordance with claim 1 wherein said
third laser beam pulse positions constitute a binary
word, the presence or absence of third laser pulses
at said positions encoding a value of said binary
word.

3. Apparatus in accordance with claim 2 wherein said
binary word can have a range of values, at least a
subset of said values corresponding to possible roll
positions of said missile guidance apparatus, for im-
parting a roll position to said receiver.

4. Apparatus in accordance with claim 3 wherein a fur-
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ther subset of said values correspond to command
signals, for communication of a command signal to
said receiver.

Apparatus in accordance with any preceding claim
wherein at least one of said positions of said third
laser beam pulses is interposed in said first laser
beam pulses.

Apparatus in accordance with any preceding claim
wherein at least one of said positions of said third
laser beam pulses is interposed in said second laser
beam pulses.

A missile comprising a guidance system receptive
to a laser guidance beam projected by apparatus in
accordance with any preceding claim, comprising a
receiver for detecting laser light pulses so emitted,
and a controller for controlling flight of said missile,
the controller being operable to detect first, second
and third pulses, and to determine, from said detect-
ed third pulses, either emitted information concern-
ing aroll position of said missile guidance apparatus,
or a command signal communicated by way of said
third pulses.

A missile in accordance with claim 7 and operable
to process detected first and second pulses on the
basis of roll information communicated thereto in
said third pulses, to correct pitch and yaw information
conveyed in said firstand second pulses with respect
to said roll information.
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