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ABSTRACT OF THE DISCLOSURE 
A chart position indicating apparatus in which input 

signals, each representing one out of a family of hyper 
bolic position lines in a radio navigation system, are used 
to drive an index relative to a chart in two cartesian co 
ordinate directions. The chart is distorted so that each 
family of position lines is represented on the chart by a 
family of straight lines inclined to both the cartesian co 
ordinate directions and the apparatus is specially con 
Structed to effect an associated coordinate transformation 
of the signals. 

samurx8tesiasticssoccer 

This invention relates to chart position indicating appa 
ratus. 
Chart position indicating apparatus is commonly used 

in conjunction with a radio navigation system in order to 
indicate on a chart a geographical position using signals 
obtained at a receiver which may be, for example, ar 
ranged to compare the phases of signals radiated by vari 
ous pairs of stations in the radio navigation system to ob 
tain outputs respectively representing one of two or more 
position lines whose intersection defines the geographical 
position of the receiver. 

In order to display the aforementioned geographical 
position, the chart position indicating apparatus com 
monly includes an index which is relatively movable in 
two coordinate directions with respect to a chart, the rela 
tive movement of the index and chart being controlled 
in each direction from an output or outputs of the re 
ceiver (that is, using at least one signal or set of signals 
representing a determined position line). In general, how 
ever, the coordinate system of the movement of the chart 
and index (usually cartesian) is different from that of the 
radio navigation system, whose position lines are com 
monly hyperbolic but may be elliptical or circular. It is 
necessary therefore to effect a co-ordinate transformation 
of the receiver's outputs before they can be used to control 
the relative movements of the index and chart. Although 
it is possible to do this with a suitably programmed or 
constructed computer, it is in many ways simpler and 
cheaper to draw the chart with a projection that effects 
the required co-ordinate transformation and to use a sim 
plified computer. This introduces some distortion of the 
geographical features of the chart and in the past the dis 
tortion has often been excessive. It is one of the objects 
of the present invention to provide chart position indicat 
ing apparatus for which the charts can be less distorted 
than hitherto and be at the same time easily prepared. 
According to the present invention, apparatus for indi 

cating on a chart the geographical location represented by 
the intersection of two position lines which are respec 
tively members of two families of position lines of a radio 
navigation system adapted to provide outputs identifying 
a position line in each family, comprises a chart of a geo 
graphical area embracing said location, the chart being 
distorted such that the two families of position lines are 
each representable on the chart by a set of lines such that 
the rates of change of position, with respect to the respec 
tive output of the radio navigation system, of the inter 
sections of a line in a set with all the lines in the other set 
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are all constant, an index relatively movable in two orthog 
onal co-ordinate directions over the surface of the chart, 
the lines in at least one set being inclined to both the two 
Orthogonal directions; and computing means adapted to 
obtain the orthogonal co-ordinates of the geographical 
location with respect to the chart by solving two equa 
tions which have the aforementioned outputs as variable 
quantities using a programme that relies on the constancy 
of the aforementioned rates of change, means being pro 
vided for displacing said index relative to the chart in the 
two orthogonal co-ordinate directions in accordance with 
the values of said orthogonal co-ordinates determined by 
Said computing means. 

Although the chart is used with an index movable in an 
Orthogonal co-ordinate system, the particular manner of 
drawing the chart makes it possible, in general, to produce 
a chart with very little distortion from a geographical 
chart, using conventional navigational charts which are 
usually drawn with polyconical or mercator projections. 
This may be seen from the following considerations. If 
the "lattice" lines of the radio navigation system are 
drawn on a conventional navigational chart, they are usu 
ally curved, but for a small region it is possible to draw 
Straight lines approximating very closely to these “lattice' 
lines. With chart position indicating apparatus heretofore 
it has been necessary to distort the chart so that the lattice 
lines are co-ordinate lines in a cartesian co-ordinate sys 
tem: With the apparatus of the present invention on the 
other hand, the charts are arranged so that although at 
least the lines in one set are normally straight, the lattice 
lines need not be co-ordinate lines in a cartesian co-ordi 
nate System and in practice they may be arranged so that 
distortion only arises by assuming the constant nature of 
the aforementioned rates of change. It is found that the 
approximation can for most practical purposes be very 
good. 

Thus, one of the usual features of the invention is 
that the position lines in both families are when repre 
Sented on the chart inclined to both the orthogonal di 
rections of relative movement between the index and 
chart. 
The present invention may be better appreciated if the 

most usual form of it is discussed in some detail. Prefer 
ably both families of lines are representable on the chart 
by a set of straight lines and preferably the aforemen 
tioned Orthogonal co-ordinate directions are cartesian. 
With this form of the invention, the conversion of the 
navigation system's outputs into the cartesian co-ordinate 
System of the chart and index may proceed as follows, 
reference being made to the accompanying FIG. 1, in 
which M and N represent the values of two intersecting 
position lines (and for convenience denote the lines 
themselves). 

. It is possible to define, in each set of lines, two “refer 
ence' lines, M1, M2 and N1, N2 whose intersections a11, 
a1a etc. (where a1 is the intersection of M and N) 
and the parts of M1, M2, N1 and N between the inter 
sections form a quadrilateral when drawn in the said 
cartesian co-ordinate system. If, for example, c and c. 
are the points at which the line M intersects respectively 
the lines joining a11, a21 and a12, a22, then, by simple 
ratio, the x co-ordinate of c divides the x co-ordinates 
of a and a1 in the same ratio as M divides M and 
M. and in the same ratio as the x co-ordinate of co 
divides the x co-ordinates of aa2 and a12. A similar equal 
ity is true for N and thus it is possible to express X. 
and Y, the cartesian co-ordinates of Z, the intersection 
of the lines M and N, by equations in which only the 
cartesian co-ordinates of the airs (r, S=1 or 2), the navi 
gation system outputs corresponding to position lines 
through the as (all known constants) and M and N 
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appear. Thus the computing means need only be fed 
with a few constants and M, N and the values of X 
and Y, may easily be computed to control the displacing 
means for the index. It should be made clear, and will 
be explained in more detail hereinafter, that the re 
Sultant expressions for X and Y can be more conveni 
ently stated in the form kMN--k2M--kN-ka and 
k'1MN--k'2M--k'sN--k' where all the k are constant 
for any point on the chart and each are derived from 
the cartesian co-ordinates of the airs. This leads to a sim 
plification in the computation of X and Y. 
According to this aspect of the invention, chart posi 

tion indicating apparatus for use with a radio naviga 
tion system adapted to provide, at a mobile receiver, 
two outputs, M and N, each identifying a position line 
in a respective one of two families of intersecting posi 
tion lines, comprising a chart drawn by assuming the 
position lines all to be straight computing, in cartesian 
co-ordinates with respect to the chart, the co-ordinates 
of the four intersections of a pair of position lines in 
one family with a pair in the other family and plotting 
the chart such that for any point on the chart, either 
position line through the point divides either selected 
position line in the other family in the same ratio as 
the cartesian co-ordinates of said point divide the respec 
tive cartesian co-ordinates of the intersections lying on 
said selected position line in the other family; an index 
relatively movable in the two cartesian co-ordinate direc 
tions over the surface of the chart, means for displacing 
said index relative to the chart to indicate the chart po 
sition (X, Y) of said location automatically in ac 
cordance with two outputs, defining X and Y respec 
tively, of a computing means responsive to the naviga 
tion system outputs, said computing means being ar 
ranged to compute X and Y as the values of expres 
sions of the form kMN-kM--kN--ka and k'1MN 
--k'aM--k'N--k'a, or expressions which can be stated 
in that form, wherein k1, k2, k3 and ka and k'1, k'a, k'a 
and k' are constant for any point on the chart and are 
derived from the cartesian co-ordinates of the intersec 
tions. 
The aforementioned intersections would normally lie 

outside the area covered by the chart; although it is 
possible to use directly the values of the co-ordinate de 
fining the positions of the intersections to obtain the 
values of the cartesian co-ordinates of any other point, 
it is preferable (as already mentioned) to define various 
constants comprising combinations of the co-ordinates 
of the intersections to obtain simple expressions for cal 
culating X and Y. These various "constants' are pe 
culiar to a chart and signals defining them would usually 
be automatically fed to the computing means when a 
particular chart was in use. They are usually called "chart 
constants.' 
The present invention is particularly applicable but 

not restricted to radio navigation systems of the hyper 
bolic phase comparison kind. In such a system, the posi 
tion lines are families of confocal hyperbolae each hav 
ing two transmitting stations in the navigation system at 
their foci. It is well known that if one of the two sta 
tions is common to two pairs of stations it is possible 
to define intersecting families of hyperbolae and to de 
fine the position of a receiver as the intersection of two 
members of each family. For convenience, the present 
invention will be particularly described with reference 
to such a system but it will be understood that the pres 
ent invention is also applicable to other navigation sys 
tems. For example, it may be used with a "two range' 
system which would provide outputs defining one each 
in two families of concentric circular position lines the 
intersection of the defined position lines determining the 
location of the receiver. Furthermore, the invention might 
also be used with time displacement radio navigation 
systems which, like phase comparison radio navigation 
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4. 
Systems, possess position lines in the form of families 
of confocal hyperbolae. 
A preferred, but not essential feature of the invention 

is accordingly its use in conjunction with a radio navi 
gation system of the kind having at least three radio trans 
mitting stations arranged to radiate phase-locked radio 
frequency signals of different but harmonically related 
frequencies and in which a mobile receiver is arranged to 
compare the phases of signals received from two pairs of 
stations, one station being common to the two pairs, so as 
to obtain two outputs each representing a different posi 
tion line through the location of the receiver. 
The invention includes within its scope a chart for use 

in chart position indicating apparatus of the kind which 
is controlled by two outputs of a radio navigation sys 
tem, each output representing a position line in one of 
two families of intersecting position lines and which co 
operates with the chart to provide relative movement of 
an index and the chart in two orthogonal co-ordinate di 
rections so that the index and chart together indicate the 
geographical location defined by the intersection of the 
position lines defined in turn by said outputs, the chart 
comprising a chart member bearing markings represent 
ing a geographical area that includes said location, the 
chart being distorted so that the two families of position 
lines are each representable on the chart by a set of 
straight, parallel lines, at least the lines in one set being 
inclined to both said co-ordinate directions. 

It is convenient to arrange (as previously indicated), 
that the chart provides the constants necessary for the 
programme used by the computing means; accordingly, 
the member may carry sensible indications of at least 
Some of a plurality of constant terms which are normally 
required by the apparatus for providing a conversion of 
the said outputs into signals appropriate for effecting rel 
ative movement of the index and chart, whereby the chart 
in use can co-operate with sensing means to provide sig 
nals defining the constant terms. 

In the following, reference will be made to the rest of 
the accompanying drawings in which: 

FIGS. 1 and 2 illustrate in part transmitting stations and 
position lines in a hyperbolic phase comparison naviga 
tion system; 

FIG. 3 illustrates the arrangement of a chart in accord 
ance with the present invention; and 

FIGS. 4 and 5 illustrate in simplified block diagram 
form a receiver and chart position indicating apparatus, 
constructed in accord with the invention and for use with 
a radio navigation system of the kind shown in FIG. 2. 

Before explaining the various approximations and math 
ematical computations contemplated by the present in 
vention it is appropriate to describe by way of example a 
typical radio navigation system that is suitable for the 
present invention in order that the features of the present 
invention may be fully appreciated. In FIG. 2 is shown 
the configuration of four transmitting stations in a 
typical hyperbolic phase comparison radio navigation sys 
tem. The four transmitting stations are spaced apart and 
are arranged in a star-shaped pattern with the master sta 
tion M near the centre of the pattern, the “red,” “green 
and "purple” slave stations R, G and P being disposed 
around the master station. For the purposes of the pres 
ent invention it may be assumed that these stations trans 
mit continuous radio frequency signals on different but 
harmonically related frequencies. 
The transmissions from the slave station are locked in 

phase to the signals from the master station further, for 
example, by measurement at a mobile receiver 10 of the 
phase relationship between signals from the master M and 
the slave station R a position line 12 through the geo 
graphical location of the receiver is determined. If as is 
usual, the frequencies radiated by the two stations are 
different it is necessary to bring them to a common com 
parison frequency before measuring their phase relation 
ship. The position line 12 is one of a family of confocal 
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hyperbolae having the master and slave stations M and R 
as foci. Some others of these hyperbolae are shown at 
11, 13 and 14. By using a further phase comparison be 
tween the signals radiated from the same master station M 
and the slave station P a further hyperbolic position line 
22 is obtained, the intersection of lines 12 and 22 defining 
the location of the receiver 10. The position line 22 is one 
of a family of confocal hyperbolae having the master and 
purple slave stations as foci, other position lines in this 
family being 21, 23 and 24. The other halves of the posi 
tion lines in the master-red set have been omitted and the 
position lines for the master-green set have been entirely 
omitted for convenience. It is common practice to refer 
to the results of the phase comparison between the mas 
ter-red signals as the red co-ordinate and to that between 
the master and purple signals as the purple co-ordinate and 
thus they will be called hereinafter. 

Also shown in FIG. 2 is an area 17 which is to be 
covered by a chart and which embraces the geographical 
location of the receiver 10. The area shown is approxi 
mately rectangular but in practice it may deviate slightly 
from rectangular. It will be understood, however, that 
the chart itself is in normal practice always rectangular. 
It will be noted from FIG. 2 that the two families of posi 
tion lines are divergent over the area covered by the 
chart; this will not always be so, the lines in a family be 
ing parallel if the chosen area is on a base line of the 
navigation system. It will also be noted that at least over 
the area covered by the chart the various position lines 
are approximately straight. 

In FIG. 3 is shown a chart 18 having some of the 
position lines of FIG. 2 projected on it in accordance 
with the present invention. 

In FIG. 3, the position lines 11, 12, 13 etc. are shown 
as the straight lines 11a, 12a, 13a etc. The latter lines 
form sets of lines which are not, of course, families of 
position lines, but which represent the families of the 
respective position lines. It will be appreciated that it is 
not necessary to draw lines corresponding to the afore 
mentioned position lines actually on the chart but it is 
necessary to be able to calculate them so that the chart 
is suitable for use with the computing apparatus to be de 
scribed later and so that the positions of the various geo 
graphical features on the chart may be properly located. 

For each chart, it is convenient to choose from each 
family of position lines two reference position lines which 
are for the “red' set, the lines 11 and 13 and for the 
“purple" set are the lines 21 and 23. The present inven 
tion places no particular restriction on the choice of the 
two lines except that the four points A, B, C and D 
which are defined as the intersections of the two pairs 
of reference position lines (or their corresponding lines 
in the chart's co-ordinate system), are preferably outside, 
but enclose, the area represented by the chart. It is at this 
point convenient to recall that in a hyperbolic phase com 
parison system it is usual to make a phase comparison 
at a high frequency in order to define a number of possible 
position lines (which differ by integral multiples of a com 
plete cycle of phase change at the appropriate compari 
son frequency) and then to make a further, coarse com 
parison at a much lower frequency in order to define 
which of the possible position lines is the one passing 
through the position of the receiver. It is usual to call 
a complete cycle of phase change at the lower frequency 
a "zone' whereas it is usual to call a complete cycle of 
phase change at the higher comparison frequency a 
“lane.' It will be seen that a "zone' comprises a number 
of lanes, the number being equal to the ratio between 
the upper and lower comparison frequencies. Since a chart 
position indicating apparatus and modern-day computing 
means are digital in nature it is desirable that constant 
terms defining the reference position lines or the inter 
sections thereof are chosen to have as few digits as pos 
sible and it is with the present invention quite possible 
to chose the various points A, B, C, D So that their co 
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6 
ordinates (or, as will be seen, constants derived there 
from) associated with them are integral powers of two 
or numbers having only a few digital places. 
A chart would be associated with an index (not shown 

in FIG. 3), the chart and the index being relatively mov 
able in two orthogonal directions which will be called the 
X and Y (cartesian) co-ordinate directions hereinafter. 
These directions are for convenience chosen to be parallel 
to a respective edge of the chart but this restriction is 
not essential to the present invention. It is normally only 
essential when one of the movements in a co-ordinate di 
rection is effected by movement of the chart whereas the 
movement in the other co-ordinate direction is effected 
only by movement of an indicator carrying a marker to 
define the index. However, such considerations will be 
discussed in detail hereinafter. 

Referring again to FIG. 3: for calculating the posi 
tion of the point which is the intersection of the two deter 
mined position lines it is necessary to make use of the 
special manner in which the charts are drawn. As has 
been mentioned, the chart is drawn so that (for example) 
equal changes in the "red" hyperbolic co-ordinate produce 
equal changes in the positions of the intersections of the 
line relating to that co-ordinate with all the lines repre 
senting position lines in the “purple' family and vice 
versa. With this assumption it will be seen (for example) 
that the ratio EC/DC is equal to the ratio ZJ/HJ and 
also equal to the ratio FB/AB. Similar relationships hold 
for the "purple' position lines. The assumption can only 
be exactly true and produce no distortion if the lines 
11 to 13 (in FIG. 2) were parallel and evenly spaced, 
and the lines 21 to 23 were evenly spaced and parallel, 
with lines defining intermediate co-ordinates also par 
allel to the other members in the respective family. 

In the following, for any point Q, R, P, X and Y 
define respectively the "red” co-ordinate, the “purple' co 
ordinate, the X cartesian (chart) co-ordinate and the Y 
cartesian (chart) co-ordinate of point Q. The “red' and 
"purple" co-ordinaes relate to the radio navigation system 
whereas the X and Y co-ordinates relate to the co-ordi 
nate system of the chart. 

It will be understood that R and P are examples of 
the M and N lines mentioned hitherto. 

For the time being, it will be assumed that it is possible 
to consider that the “red,” “purple.' X and Y co-ordinates 
of the points A, B, C and D are defined and that the “red' 
and "purple' co-ordinates of the point Z are known. Al 
though this would appear to require 16 fixed quantities 
and two variable quantities, there are in fact, only 12 
known quantities since (for example) Ra=R etc. 
The X co-ordinate of point E, i.e., X divides the inter 

val X-Xa in the same proportions as the co-ordinate 
interval P-Pd is divided by point E. Thus, it may be as 
sumed that 

Pe-Pa-Xe-Xa al Pt - Pal X-X 
P-Pd X-X P-PTX-X 

But Pe=P=P, and Pa=Pa=P. and Pe=P=P therefore 
P. Pa-Xe-Xd Xi-Xa 
P- PTX, -X X-X 

It may similarly be assumed that: 

Eh-la-Xh Xd and a Re-X-Xe Ra-Ra, X-Xa" R - RTX-X 

But Rh=R=R, and Ra=R=Rb and Ras-Re=Re: 
therefore 

d 

(1) 

ind 

R-RT X-Xa X-X (2) 
From Equation 1 

P-Pd - 
X---- (X-X)+Xa (3) 
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and 

P- Pd - X=i- (Xb Xa)--Xa (4) 
From Equation 2 

R - Rd -- r X-ii, (Xf Xe) - Xe 
Substituting Equations 3 and 4 in Equation 2, there is 
obtained 

R,-- Ra (Pa-Pa) - X-EEEEE, (x+xa-X-X.) 
(P-Pa.) - +X, -X+E (x-x)+xa () 

It will be seen that Equation 5 defines the unknown 
X co-ordinate of the point Z in terms of the X co-ordinates 
of the points A, B, C and D, the "red" and "purple" co 
ordinates of the same points (all known quantities) and 
the respective inputs, R, and P., from the radio naviga 
tion system; a similar equation holds true for the Y co 
ordinate for the point Z but for convenience only the ma 
nipulation and solving of Equation 5 will be discussed 
in detail. 
One way of handling Equation 5 is to make provi 

sion (as hereinafter explained) for the storage of all the 
constant terms appearing therein and when it is required 
to compute the required value of Xz to perform the vari 
ous additions, subtractions and multiplications defined in 
Equation 5. However, it is appropriate to simplify the 
computation by, instead of storing the values of the co 
ordinates X, X etc., to store various combinations and 
derivations thereof as will now be explained. 

It is convenient to recognise a particular set of constants 
in Equation 5 which are as follows: 

Ca=X--Xa-Xa-Xc 
C-P P-2p where p= any integer between --5 and 0 
C-R-R-2r where r=any integer between +5 and 0 
C=P=any integer (the units being 4 Zone) 
C-R=any integer (the units being 4 Zone) 
C and Cs are in the same units as Ci and Co. 
Equation 5 then reduces to: 

X-(2-(+p)) (R.-Cs) (P-C7) C. 
--(2-r) (R-Ca) Ca 
--(2-p) (P-C) Ca 
--C1 (5a) 

Since the multiplication by an integral power of 2, 
where digital computing apparatus is being used, only 
amounts to a right- or left-shift by a number of digital 
places, it is convenient to define this in one of the constant 
terms. This is equivalent to using new constants defined 
as follows: 

K=C(2) 
K=C(2) and thus Equation 5a reduces to 
X=K (R-Cs) (P-C) 

--K2 (R.-Ca) 
--K(P-C) 
--C1 (5b) 

When the corresponding equation for Y, is written, the 
constants C and Cs reappear in the same role; in fact, 
R is never used by itself: only Rz-Ca is used. Similarly, 
P is never used by itself. New values are required for the 
other constants and the total list of constants required is 
When the corresponding equation for Y is written, the 
constant C and Ca reappear in the same role; in fact, 
R is never used by itself: only R-C8 is used. Similarly, 
P is never used by itself. New values are required for the 
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other constants and the total list of constants required is 
*K1, *K2, *K, *C1, SK1, K2, K3, yC1, C and Ca which 
is only ten constants. 

Because C and Ca are common to X and Y, it may be 
convenient to form Ra-C and call it -R. This can be 
stored and used for both X and Y determinations. The 
subtraction of C consists mainly of Zeros when expressed 
as a binary number. 

If R -C= R and P-C= P, then 

Y=yKRP--YKP--SKP-SC (7) 
if C and Cs are quoted in the negative form, no subtrac 
tions are needed, i.e., -R becomes R-(-Ca) and it 
will be seen that the solution of Equations 6 and 7 re 
quire only eight multiplications and eight additions. 

It will be seen that although the constants in Equations 
6 and 7 are related to and are defined by the various co 
ordinates of the points A, B, C and D, the connection be 
tween the two is complex. It might be possible to sim 
plify Equation 5 in other ways but essentially the compu 
tation of the values X and Y, relies on the fact that the 
programme for solving X and Y must always rely on 
the constancy of the aforementioned rates of change. This 
is the basis of the Expressions 1 and 2 from which the 
Equations 6 and 7 are derived. It is by the same token a 
measure of the distortion present in the chart. 
From the foregoing explanation of FIG. 3 it will be ap 

preciated that in order to move an index and a chart rela 
tively in the X and Y co-ordinate directions it is neces 
sary to provide computing means for solving, using the 
appropriate outputs from the navigation systems and con 
stants, Equations 6 and 7. How the outputs are derived 
and the constants may be stored for use in a computation 
and how the chart and index may be driven will now be explained. 

For convenience of explanation it will be assumed that 
the stations P, M, G and R in FIG. 2 radiate continuous 
radio frequency signals of frequencies 5f, 6f, 9f and 8f 
respectively, f being (for example) in the region of 14 
kHz. In a mobile receiver as shown in FIG. 4, to deter 
mine the hyperbolic co-ordinates the signals are picked 
up by an aerial 40 and are amplified by amplifiers 41 and 
44 tuned respectively to the frequencies 5f, 6f, 9f and 8f. 
The outputs of the amplifiers are fed to frequency multi 
pliers 45 to 48. The frequency multiplier 46 associated 
With the 6f signal from the master station separately 
multiplies the received 6f signals by factors of 3, 4 and 5 
to provide outputs of 18f, 24f and 30f. The 30f output 
from the multiplier 46 is fed to one input of a phase dis 
criminator 50 to other input of which is fed a 30f output 
from the multiplier 45 which multiplies the received 
purple 5f signal by a factor of 6. The discriminator 50 
provides two outputs representing the sine and cosine of 
the phase angle beween the master and purple slave sta 
tion signals at the receiver. The outputs are fed to a dig 
itser 51 which provides a digital output representative 
of the phase angle, that is, it defines the master-purple 
slave hyperbolic co-ordinate of the receiver. The 18f out 
put from the multiplier 46 is fed to one input of a dis 
criminator 52 to the other input of which is fed an 18f 
output from the multiplier 47 which multiplies the re 
ceived 9f green slave signal by a factor of 2. The outputs 
from the discriminator 52 are fed to a digitizer 53 to 
yield an output in digital form representative of the phase 
difference between the 18f signals from the multipliers 46 
and 47, i.e. the master-green slave hyperbolic co-ordinate. 
A 24f output from the multiplier 48, which multiplies 
the frequency of the received red slave signals by a fac 
tor of 3, is fed to one input of a discriminator 54 to the 
other input of which is fed the 24f output from the mul 
tiplier 46. The outputs from the discriminator 54 are 
fed to a digitiser 55 to provide an output in digital form 
representative of the phase difference between the 24f 

and 
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signals from the multipliers 46 and 48, i.e. the master 
red slave hyperbolic co-ordinate. A hyperbolic phase com 
parison navigation system of the above kind is with the 
exception of the provision of digitisers more fully de 
scribed in the specification of British Pat. No. 620,479 
and reference may be made to that specification for 
further explanation of the construction and manner of 
operation of such a system. The digitisers 51, 53 and 55, 
which might readily be replaced by a single time-shared 
digitiser or other digitisers capable of being driven by 
the sine and cosine signals from the discriminators, ac 
cordingly provide indications with respect to three sets of 
confocal hyperbolae, each set having a master station and 
the appropriate slave station as its two foci. The posi 
tional information in binary digital form from the digi 
tisers 51, 53 and 55 is fed through gates 56, 57 and 58 
which are controlled as required by a computer 59 to 
feed the positional information into the computer. 
The computer 59, which is not illustrated in detail since 

its manner of construction will be readily apparent to 
those skilled in the art, essentially comprises a multiplier 
and adder 60 to which are fed at appropriate times two 
hyperbolic co-ordinates obtained from the phase com 
parisons and the constants hereinbefore mentioned, binary 
to Gray code converter 66 receiving the determined values 
of Xz and Y, and providing two digital outputs in Gray 
code defining X, and Y. The computer is programmed 
to feed to the multiplier and adder the signals at appro 
priate times so that the multiplier and adder yields X and 
Y, by solving Equations 6 and 7. 
The description of the invention so far has been con 

cerned with the drawing of a chart to conform with this 
invention and with the obtaining of signals which de 
fine with respect to the chart the position of the receiver 
as determined by the phase comparisons between signals 
received from various stations in the navigation system. 
The X and Y, signals, fed out from the computer on 
lines 74 and 75 are to be used to control the displace 
ment of an index with respect to a chart automatically 
So that a chart display can automatically indicate the 
geographical location of the receiver. 
A number of ways of controlling the displacement of 

the indeX are possible. It is possible to provide means 
for storing determined values of X and Y, and compar 
ing these stored values with further values of X and Y, 
obtained from a succeeding determination, the displace 
ment of the index being made in accordance with each 
change in X and Y from the stored to the further values. 
Such a chart display is known as an "integrating' display 
since after an initial setting the index and chart are rela 
tively displaced by the integral of the changes in the X 
and Y cartesian co-ordinates of the chart and index sys 
tem. However, with such a system it is necessary to set 
the display initially to indicate the correct position of 
the receiver at the instant of setting, which for obvious 
reasons may not always be possible. It is preferable to 
provide, for each co-ordinate direction of displacement 
of the index a servo system which responds to the re 
spective (X or Y) co-ordinate determined from the phase 
comparisons and to the actual position indicated by the 
index relative to the chart for that co-ordinate direction 
and to effect relative displacement of the chart or index 
in accordance with any difference between the actual and 
indicated co-ordinates. For this purpose, the chart may be 
movable to and fro relative to the index to indicate one 
co-ordinate direction and the index may be movable to 
and fro in the transverse direction to indicate the other 
co-ordinate, there being associated with both the chart 
and the member bearing the index a separate set of digital 
ly coded tracks arranged to co-operate with a respective 
sensing means to provide coded signals defining the co 
ordinate indicated by the chart or member, a respective 
servo mechanism being arranged to compare the respec 
tive coded signals with a respective value of X or Y from 
the navigation system and to drive the chart or member 
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10 
to the co-ordinate position defined by said value of X 
or Y. Such a system is more particularly described and 
claimed in the specification of British Pat. No. 914,185 
or the corresponding U.S. Pat. No. 3,113,313 and ref 
erence may be made to the specification of that patent 
for further details of the construction and manner of 
operation of such a system; it will be understood, how 
ever, that what follows, which is given by way of com 
pleteness, is by no means essential to the present inven 
tion and considerable variations, which will be pointed 
out as they occur, may be made. 

Referring to FIG. 5, the signal on line 74 is fed to 
a servo system 76 together with another input on a line 
95 obtained in a manner to be described. The servo sys 
tem 76 is arranged to produce an error signal, which is 
fed to a motor 78 to drive a lead screw 79 on which is 
mounted a carriage 80. Rotation of the motor moves the 
carriage 80 transversely with respect to a chart 83 so that 
one co-ordinate of the position of the receiver (for the 
sake of example, the Y co-ordinate) is determined by the 
position relative to the chart of an index line 81 on a 
transparent cursor 82 which is carried by the carriage 80. 
On the line 81 there is an index cross or circle 81a which 
serves as a reference for the other co-ordinate and hence 
is to indicate when used with a chart the position of 
the receiver. 
The servo 76 drives the carriage 80 until the value 

of the co-ordinate indicated by the line 81 is the same 
as that determined for the receiver by the computer 59. 
This type of drive and automatic drive display is fully de 
scribed in the aforementioned British patent specification 
No. 914,185. 
A similar servo system 77 is responsive both to an input 

on a lead 75 from the computer and to an input on a 
lead 94 which indicates the position of the chart with re 
spect to the index 81a. The chart is one of a number on 
a chart roll 72 mounted for movement between the two 
spools 90 and 91 which may be driven to move the chart 
in its longitudinal direction by a motor 86. The output 
from the servo 77 is fed to the motor 86 via a shaft 87 
and links 88 and 89 (which have been illustrated diagram 
matically for convenience) and thus the index 81a is 
movable relative to the chart in the two orthogonal X and 
Y directions. 

It is not essential to use a movable chart; in particular 
two cursors carried on respective carriages may be mov 
able in orthogonal directions across the chart, which 
for this purpose would be fixed in position. Also, as is 
disclosed in the specification of British Pat. No. 1,090,- 
153 it is possible to use an index which is formed as 
the intersection of two orthogonal lines drawn on re 
spective flexible members which are movable in the longi 
tudinal direction with respect to the chart. One line would 
be drawn in an oblique direction on one transparent 
flexible member and the other drawn on the other mem 
ber but at right angles to that on the first member. Ref 
erence may be made to the specification of that patent 
for further details. 

For controlling the servo mechanism, the chart and the 
carriage are each associated with digital tracks which co 
operate with sensing means to define the actual co-ordi 
nate indicated by the chart and carriage. Along the sides 
of the chart member 72 parallel to and along one side 
of the chart 83 is a plurality of tracks of opaque digital 
markings 93 performing two functions. Firstly, a number 
of tracks are arranged in a repetitive cyclic code such as 
Gray code so that a corresponding number of photocell 
sensing means 92 may provide an output indicating the 
actual position of the chart. The digits sensed by the indi 
vidual photocells 91 are fed on line 94 to the servo sys 
tem 77 to enable the necessary comparison between the 
actual and required chart positions to be made. However, 
further markings 93a are provided to supply the afore 
mentioned constants which are used by the computer to 
define the X and Y co-ordinates. It will be appreciated 
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that the constants defining the various coordinates and 
constants are peculiar to each chart and when a chart is 
inserted in the apparatus, the photocells read the respec 
tive constants and feed them to a temporary store from 
which they are fed out at appropriate times by a gating 
system to the multiplier and adder. It will be apparent that 
the photocells are indicated only diagrammatically and 
typically there may be several rows of them since each 
constant in general comprises a plurality of digits. As will 
be made clear, however, the extreme latitude in the choice 
of the reference position lines that is provided by the pres 
ent invention enables the number of digits in each con 
stant to be kept to a minimum. 

For the other co-ordinate direction, the carriage 80 is 
associated with plurality of wipers 84 co-operating with 
digitally coded tracks 85 to provide on the line 95 Gray 
code signals representing the position of the carriage and 
therefore the index. 81a in the Y direction. The servo 76 
forms the difference between the signals on the lines 74 
and 95 and drives the motor 78 to move the carriage 80 
to the correct position in the known manner. 

I claim: 
. Apparatus for indicating on a chart the geographical 

location represented by the intersection of two position 
lines which are respectively members of two families of 
position lines of a radio navigation system adapted to pro 
vide outputs identifying a position line in each family, 
comprising a chart of a geographical area embracing said 
location, the chart being distorted such that the two fami 
lies of position lines are each representable on a display 
surface of the chart by a set of parallel lines, the rates of 
change of position, with respect to the respective output 
of the radio navigation system, of the intersections of a 
line in a set with all the lines in the other set being all 
constant; an index and the chart being movable relative 
to each other in two orthogonal co-ordinate directions 
parallel to the display surface of the chart, the lines in 
at least one set being inclined to both the two orthogonal 
directions whereby each orthogonal co-ordinate of the 
geographical location with respect to the chart is deter 
mined by a respective one of two equations which each 
have the aforementioned outputs as variable quantities; 
and computing means for forming said two equations and 
thereby determining each said orthogonal coordinate; 
drive means being provided for displacing said index and 
chart relative to each other in the two orthogonal co-ordi 
nate directions in accordance with the values of said 
orthogonal co-ordinates determined by said computing 
aS 

2. Apparatus as claimed in claim 1 in which the chart 
is distorted such that both families of position lines are 
representable on the chart by a set of straight, parallel 
lines. 
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3. Apparatus as claimed in claim 2 in which the two 

orthogonal co-ordinates are cartesian. 
4. Chart position indicating apparatus for use with a 

radio navigation system adapted to provide, at a mobile 
receiver, two outputs, M and N, each identifying a posi 
tion line in a respective one of two families of intersecting 
position lines, said outputs defining thereby two position 
lines through the location of the mobile receiver, said 
apparatus comprising a chart drawn by assuming the posi 
tion lines all to be straight, computing, in cartesian co 
ordinates with respect to the chart, the co-ordinates of the 
four intersections of a pair of position lines in one family 
with a pair in the other family and plotting the chart such 
that for any point on a display surface of the chart, either 
position line through the point divides either selected 
position line in the other family in the same ratio as the 
cartesian co-ordinates of said point divide the respective 
cartesian co-ordinates of the intersections lying on said 
Selected position line in the other family; an index and 
said chart being movable relative to each other in the two 
cartesian co-ordinate directions which directions are paral 
lel to the display surface of the chart, means for displac 
ing said index and chart relatively to each other to indi 
cate the chart position (X, Y) of said location auto 
matically in accordance with two outputs, defining Xz 
and Yz respectively, of a computing means responsive to 
the navigation system outputs, said computing means be 
ing arranged to determine X and Y by computing the 
values of expression of the form kMN--kM--kN-I-k 
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and k'1MN--k'2M-k'3N--k'a wherein k, k, k and ka 
and k'1, k'a, k's, and k"4 are constant for any point on the 
chart and are derived from the cartesian co-ordinates of 
the intersections and a representation on the chart of a 
position line in either family of position lines is inclined 
to both the orthogonal co-ordinate directions of relative 
movement between the index and chart. 

5. Apparatus as claimed in claim 4 in which the radio 
navigation System is of the kind having at least three 
radio transmitting stations arranged to radiate phase 
locked radio frequency signals of different but harmoni 
cally related frequencies and in which a mobile receiver is 
arranged to compare the phases of signals received from 
two pairs of stations, one station being common to the two 
pairs, So as to obtain two outputs each representing a 
different position line through the location of the receiver. 
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