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(54) APPARATUS FOR DIRECTING A MOBILE CRAFT TO A
RENDEZVOUS WITH ANOTHER MOBILE CRAFT

I, Secretary of State for Defence, London, do
hereby declare the invention for which I pray that
a patent may be granted to me, and the method
by which it 1s to be performed, to be particularly
described in and by the following statement:-

The present invention relates to apparatus for
guiding a first mobile craft to a meeting with a
second mobile craft. In this specification the
term "mobile craft’ should be interpreted widely
s0 as to include any kind of aircraft, spacecraft,
or guided missile. The apparatus may for
instance be used to guide a defensive missile to
intercept an attacking missile, or to guide a space
craft towards a space station or mother craft.

It is known that a defensive missile may be
guided towards an attacking craft by control
signals derived from measurements of a
line-of-sight from a control point to the attacking
craft. To avoid confusion the attacking craft will
hereinafter be called the target. The line-of-sight
may be established by visible light, infra-red
light, radar signals, or any other form of radiation
which can be projected along a measurable
straight-line axis which will be moved either
manually or automatically so that it always
points towards the target, by apparatus
incorporating means for deriving signals 8,
representing a rate of rotation 6 of the line-of
sight. It is known also to derive signals
representing the displacement ¢ of the missile
from the line-of-sight, the range R, from the
control point to the missile, and its rate of change
Rpm, and to derive from these signals a control
signal representing the quantity
ﬂg) + Rmec + ZRmec where j(ﬁ) is a
predetermined function of e, O is derived from
O, by a simple smoothing circuit and the term
Oc (which represents the rate of change of 6,) is
derived from 6. by a simple differentiating
circuit. This control signal is used to govern an
acceleration applied to the missile transverse to
the line-of-sight so as to increase the accuracy of
the rendezvous or the chance of meeting with the
target.

It is also known that mobile craft are often
guided towards a specified destination by a
technique called proportional navigation, in
which the flight direction of the craft is made to
rotate at a rate k times the rate of rotation of a

sight-line from the craft to its destination where
k has a predetermined value. In one form of
proportional navigation the craft follows a
circular arc to its destination.

It is an object of the invention to provide
apparatus for guiding a first mobile craft towards
a rendezvous or meeting with a second mobile
craft which improves the above-mentioned
smoothing and differentiation by making use of
the assumption or knowledge that the second
craft is being guided along a circular arc. This
includes as a special case the case of a craft being
guided to a system wherein k = 2 along a circular
arc towards a control point.

According to the present invention there is
provided apparatus for directing a first mobile
craft to a rendezvous with a second mobile craft
which is being guided towards a control point,
comprising:- tracking means for establishing a
line-of-sight between the control point and the
second mobile craft and tracking the said
line-of-sight to follow the said second mobile
craft and deriving a signal 8, representing the rate
of rotation 0 of the said line-of-sight about the
control point, monitoring means for deriving a
displacement signal representing the
displacement ¢ of the first mobile craft from the
said line-of-sight, a first range signal
representing the range Ry from the control point
to the first mobile craft, and a first range rate
signal representing the rate of change R of the
range Rm; ranging means for deriving a second
range signal representing the range R; from the
control point to the second mobile craft, and a
second range rate signal representing the rate of
change R; of the range R;; computing means
responsive to the signal representing 6, for
deriving representations of quantities 6., 6, 8.
which will tend to become consistent with the
equations 8.=-20°.-36. (R/R) and

8= [ 8 dr, and®. = [ 8, dr and also to minimise

the difference 6. — 8, the symbol _[dt indicating

integration with respect to time; control means
for deriving the aforesaid representations a
control signal representing a quantity
fle) + RmBc + 2RmO:  wherein fle) is a
predetermined function of ¢; and guidance means
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for causing the first said mobile craft to develop *

an acceleration transverse to the said
line-of-sight, of a magnitude dependent on the
said control signal.

The computing means may be a stochastic
controller operating according to the novel
equation which relates the quantities 6., O, 0 as
hereinbefore specified.

A stochastic controller is an equipment for
controlling a process in response to estimates or
measurements of control parameters which are
subject to significant random errors, and is
therefore constructed to revise and update
signals representing its control parameters by
applying the latest available estimates or
measurements to a mathematical model which
tends to make the control parameters consistent
with assumed mathematical inter-relationships,
in addition to controlling the process as desired
in response to the current values of its control
parameter signals. This is explained for instance
by OL.R. Jacobs in his book "Introduction to
Control Theory" (Clarendon Press 1974), pages
276 & 334 et seq.

The first mobile craft may be a missile or
rocket, in which case the signals representing Ry
and R, may be derived from a measurement of
the time elapsed since the missile or rocket was
launched and a knowledge of the characteristics
of its type assuming that its performance will be
typical of its kind. The displacement ¢ must be
measured; this may be done by various available
known techniques.

An embodiment of the invention will now be
described by way of example only, with
reference to the drawings accompanying the
provisional specification of which:-

Figure 1 is a sketch showing the geometrical
relationship of some of the quantities involved
in a guidance operation, and

Figure 2 is a schematic block diagram of a
general form of guidance apparatus.

In Figure 1, T represents the instantaneous
position of a mobile craft which is being guideq
along a circular arc towards a control point P
which may or may not coincide with a control
point P. M represents the instantaneous position
of another mobile craft which has been launched
from P and is to be guided to a meeting with the
craft now at T.

At the control point P, the angle between the
sight line PT and a stable reference direction is
represented by the symbol 8. The rate of rotation
0 of the sight line PT (which is the rate of change
of 8) is measured. The instantaneous range of the
craft now at M from the control point P (i.e. the
distance MP) is represented by the symbol Ry
and the displacement of the craft M from the
sight line PT is represented by the symbol ¢. In
practice ¢ may be deduced from a measurement
of the angle MPT and a knowledge of the range
Rm. In this situation it can be shown that the

[

derivatives ,8and 8 should satisfy the equation

8=-20°—36(R/R) where R: is the
instantaneous range of the craft at T from the
control point P and R, is its rate of change.
Figure 2 shows apparatus which utilises this
fact. In the following description the symbol 8 is
used with a suffix a to indicate an actual
measured value, and with a suffix ¢ to indicate a
calculated or estimated value. A tracking
apparatus 1 provides signals 8,, R, and R; which
are applied to analogue computing apparatus
arranged as a stochastic controller. This
comprises analogue signal combiners 3, 4 and s,
analogue signal weighting units 6 and 7,
integrators 9 and 10, and analogue signal
computing networks 12 and 13 arranged as
shown. The signs + and - adjacent to the inputs
of the combiner 3 indicate that it derives a signal
representing the difference (8- 6.) of the
quantities represented by the signals applied to it.
The other combiners 4 and 5 combine their input
signals additively. The computing network 12 is
connected to receive an input representing 6. and

to derive an output representing —26%.. The
computing network 13 is connected to receive
inputs representing ., R; and R; and to derive an
output representing the function —38(R,/Ry).
These units 3 to 14 are each constructed
according to conventional techniques of the
analogue computing art. The weighting units 6
and 7 are adjusted, following the techniques
described for instance in 'Applied Optimal
Control’ by A E Bryson and Y C Ho, (Blaisdell
Publishing Co 1969) at p 425 et seq so that the
whole combination (units 3 to 14) will operate as
a stochastic controller to derive signals which
tend to become consistent with the equations

8c =20 - 36, (R/Ry)

ec = I éc dt

b= [8cdr
and minimise the difference 6 — 8 (that is to say
also making 6. follow 65). This provides a signal
representing 8, which may be taken as a good
approximation to 8, and is derived by a process
which improves the differentiation and can be
made satisfactorily stable and comparatively free
from noise.

A timer 15 is connected to receive a launch
timing signal from launching apparatus (not
shown) and to provide a signal representing ¢, the
time elapsed since launching of the craft M in
Figure 1. A range characteristic unit 16 receives
the ¢ signal and derives signals representing
f1(®) = Rm and f2(8) = Rm according to stored
characteristics relevant to the type of the craft M;
the elapsed time ¢ is represented digitally and the
unit 16 is a digital computer store loaded with
values of fi(f)and f2(¢) in addresses which are
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values of £. The unit 16 converts the stored values
to analogue form. An analogue multiplier 17 is
connected to receive the Ry, signal from unit 16
and the 8¢ signal from the integrator 10 and to
form a representation of the product Rb..
Another analogue multiplier 18 is connected to
receive the Ry signal from unit 16 and the 6,
signal from the integrator 9 and to form a
representation of the product 2Rm6;. A
displacement signal unit 19 derives a signal
representing ¢ and an analogue computing
network 20 derives a representation of a function
Re); these units and the function fle) are
arrangements well known in the guidance art.
Outputs from the units 17, 18 and 20 are
additively combined in an analogue combiner 21
to form a control signal which is applied to
conventional guidance apparatus 22, which will
include means for sending control signals to the
craft M.

Various modifications are possible. Clearly
various parts of all of the calculations could be
done by digital rather than analogue techniques,
and the tracking apparatus may be constructed
to provide a signal representing the quotient
R/R; instead of separate representations of R,
and Rz.

WHAT I CLAIM IS:-

1. Apparatus for directing a first mobile craft
to a rendezvous with a second mobile craft which
is being guided along a circular arcuate path,
comprising:- tracking means for establishing a
line-of-sight between a control point and the
second mobile craft and tracking the said
line-of-sight to follow the said second mobile
craft and deriving a signal 8, representing the
rate of rotation 6 of the said line-of-sight about
the control point; monitoring means for deriving
a displacement signal representing the
displacement ¢ of the first mobile craft from the
said line-of-sight, a first range signal
representing the range Ry, from the control point
to the first mobile craft, and a first range rate
signal representing the rate of change Ry, of the
range Ryn; ranging means for deriving a second

.

range signal representing the range R, from the
control point to the first mobile craft, and a first
range rate signal representing the rate of change
Ry of the range Rm; ranging means for deriving
a second range signal representing the range R;
from the control point to the second mobile craft,
and a second range rate signal representing the
rate of change R; of the range R;; computing
means responsive to the signal representing 6,
for deriving representations of quantities 6., 6.,
8. which will tend to become consistent with the
equations

8=—26% - 36, (R//R;) and

éc = I éc dt and

bc= [ 8 ar
and also to minimise the difference 6. — 8, the
symbol J dt indicating integration with respect to

time; control means for deriving from the
aforesaid representations a control signal
representing a quantity fle) + RmB. + 2Rm6.
wherein fle) is a predetermined function of e;
and, guidance means for causing the said first
mobile craft to develop an acceleration
transverse to the said line-of-sight, of a
magnitude dependant on the said control signal.

2. Apparatus as claimed in claim 1 wherein the
computing means is a stochastic controller
operating according to the novel equation which
relates the quantities 8, 8., 8. , R, and R, as set
out in claim 1.

3. Apparatus as claimed in claim 1 specifically
for use in circumstances where the first mobile
craft is a missile or rocket of a known type, and
wherein the monitoring means is arranged to
derive signals Ry and R from a measurement of
the time elapsed since the missile or rocket was
launched and from parameters stored in the
apparatus representing known performance
characteristics of that type of rocket or missile.

4. Apparatus as claimed in claim 1 and
substantially as hereinbefore described with
reference to Figures 1 and 2 of the drawings
accompanying the provisional specification.
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