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57 ABSTRACT 

A method and apparatus for radio position-finding of 
the hyperbolic type to determine the position of a 
vehicle including intersecting signals of a radio posi 
tion-finding hyperbole of one family with a radio posi 
tion-finding hyperbole of another family, the hyper 
bole being derived from audio frequency direction 
finding signals of predetermined phases, comparing 
the signals and correcting the differentials between the 
obtained signals. 
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RADIO DIRECTION-FENDING METHOD ANDA 
DEVICE FOR IMPLEMENTING SAD METHOD 
The present invention relates to a method of radio 

position-finding and to a device for implementing said 
method. 
Those skilled in the art will appreciate that radio 

position-finding is a technique of obtaining a naviga 
tional fix by means of which a vehicle, in particular a 
ship, can determine its position by means of radio 
signals received by the equipment which it carries. This 
method of obtaining a fix thus requires the installation 
of a transmitter system (fixed transmitters) for said 
signals, as well as the installation of a receiver system 
(receiver apparatus) on board the vehicle, the com 
bination of the system of the transmitted signals and the 
positions of the respective transmitters being such that 
the receiver apparatus can deduce the position of the 
vehicle from the signals which it receives. 

In one known radio position-finding method, the 
phases of the received signals are employed in order to 
deduce the positional information (French Pat. No. 
790,386). 

In the following, the term "total phase' of a 
sinusoidal signal varying with time t in accordance with 
the law A sin (2nt ft -- e), where f is the frequency of 
the signal and e the phase at an instant of origin (t = 
t0), will be used to designate the value 

J. (2nd 
The total phase can be split into any whole number of 
revolutions of 2nt (whole phase) and into a fraction of 
27T (partial phase): 

Total phase = whole phase + partial phase. 
In the case where e = 0, the partial phase is equal to 

the instantaneous phase (2T ft -- to). 
We shall also introduce the concept of "total phase 

shift' between two sinusoidal signals of identical 
frequency; the total phase-shift will designate the dif 
ference between the total phases of the two signals con 
sidered from the same time origin. 

Similarly, the total phase-shift can be split into a 
whole part (multiple of 27t) and a fractional part (par 
tial phase-shift). 

In French Pat. No. 790,386 hereinbefore cited, the 
system of electrical signals forming a transmission 
chain, is made up of two groups of three signals each. 
Each group comprises two high-frequency radio signals 
each produced by a different transmitter and having 
closely adjacent frequencies differing from one another 
by a value which corresponds to an audio frequency, 
and an HF radio frequency of different value, this being 
referred to as the reference frequency and being modu 
lated by said audio frequency. 
These three signals are received on board the vehicle 

where they are processed in the receiver. In this 
receiver, the two first high-frequency radio signals are 
mixed in order to produce an audio frequency position 
finding signal, and the reference radio signal is 
demodulated in order to obtain an audio frequency 
reference signal, the total phase-shift between the two 
audio signals being proportional to the difference 
between the distances from the vehicle to the two 
transmitters producing the two first high-frequency 
signals with the consequence that the location of the 
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2 
locus of the total phase-shift points associated with a 
group of signals is constituted by a hyperbola of which 
the two transmitters form the foci, the locus associated 
with the other group being a similar hyperbola; the 
point of intersection between these two hyperbolae 
thus defines the position of the vehicle. 

In one embodiment, the radio reference signal is 
produced by one of the two transmitters which furnish 
the first HF radio signals. The HF frequency of the 
position-finding signal produced by the other trans 
mitter is thus termed the "characteristic frequency.' 

In this known technique, the total phase-shift 
between the audio frequency position-finding and 
reference signals is likewise proportional to the charac 
teristic frequency in each of the groups of signals. Since 
this characteristic frequency is fairly high, the total 
phase-shift expressed in radians exceeds 2T and there 
fore comprises a whole part and a fractional part. How 
ever, those skilled in the art will appreciate that phase 
meters only indicate the partial phase-shift of course, 
that is to say the fractional part of the total phase-shift, 
so that there is a certain indeterminacy in the position 
of the vehicle; in other words, knowledge of the partial 
phase-shift does not simply define one hyperbola but 
rather a family of hyperbolae, the vehicle being located 
upon just one of them. Similarly, the other group of 
signals likewise produces another family of hyperbolae. 
The vehicle is thus located at one of the intersections 
between the hyperbolae of these families. In other 
words, there is "ambiguity' in the position of the vehi 
cle. A "channel' corresponds to the distance between 
two successive hyperbolae of one and the same family 
between which the phase undergoes a shift of 27T and 
the width of such a channel is inversely proportional to 
the characteristic frequency of the family. 

This ambiguity can be overcome in a simple manner 
by providing, upon a chart depicting the position-find 
ing zone, at least one point where the whole part of the 
total phase-shift is known through a direct determina 
tion. All that is necessary then is for the vehicle to pass 
through this point and for the navigator to record at 
that instant, on a counter, the known value of the whole 
part of the total phase-shift. This counter will then 
count from said instant, either counting up or counting 
off (adding or subtracting), the number of times that 
the partial phase-shift reaches the value 27t. The 
counter will therefore always record the real value of 
the whole part of the total phase-shift. This is referred 
to as "coupled' operation. This system means that the 
vehicle or vessel etc., must pass through a determinate 
point before it is possible to obtain a fix. Moreover, any 
accidental interruption in radio reception (transmitter 
or receiver breakdown) or fault in the operation of the 
counter, will falsify the recorded value so that it will be 
necessary to return to the known point. 

In practice, in order to overcome the ambiguity, a 
second family of hyperbolae is used, these hyperbolae 
having the same foci as the first and having a different 
characteristic frequency, that is to say channels of dif 
ferent width. Advantageously, said width will be 
slightly different from that of the first family of hyper 
bolae so that the pieces of information supplied by 
these two families of curves can be used in the same 
manner as a vernier. The result is that, by combination 
of the pieces of information which the two families of 
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curves supply, a third family of curves can be defined 
the channels of which have a width proportional to the 
difference between the characteristic frequencies. It is 
true that this does not totally overcome the ambiguity, 
however the characteristic frequencies of the two first 
families of curves are so selected that the channels of 
the third family are sufficiently wide to make it possible 
by a measurement of another type (for example an as 
tronomical sight) to position the vehicle definitely in a 
precise channel. Once this operation has been carried 
out, the pieces of information supplied by one of the 
first families of curves taken on its own, are used to ob 
tain a "fine measurement.' 

In the prior art technique, gear mechanisms were 
employed to combine the pieces of information sup 
plied by the two families. These mechanisms present 
two major drawbacks: their characteristic frequencies 
have to be in predetermined ratios and it is necessary to 
change sets of gears when it is required to operate 
within an area covered by families of different charac 
teristic frequencies. As far as the first drawback is con 
cerned, it is well known that the allocation of 
wavelengths in the high-frequency band is strictly con 
trolled and it is becoming more and more difficult, so 
that it is now virtually out of the question to obtain the 
precise frequencies required. 
The present invention overcomes these drawbacks 

by providing a radio position-finding method in which 
the design of the device used to implement it, com 
bined with the exploitation of purely electronic means, 
makes it possible to utilize any frequency and to 
achieve fully automatic exploitation of the system of 
pieces of information supplied by the radio position 
finding signals, thus enabling direct recording and dis 
play to be effected without any ambiguity in terms of 
the location of the vehicle. 

In order to provide a better understanding of how the 
invention may be put into effect, a description will now 
be given, in the form of non-limitative examples, of 
several embodiments of devices for implementing the 
method of the invention, said description relating to the 
attached drawings in which: 

FIG. 1 illustrates a transmitter system of the single 
signal kind; 

FIG. 2 illustrates a transmitter system of the two 
signal kind, with a reference facility; 

FIG, 3 illustrates the block diagram of a receiver in 
accordance with the invention for receiving a single 
signal transmission; 

FIG. 4 illustrates a detail of part of the receiver of 
FIG. 3, and FIG. 4a illustrates the wave forms of the 
signals occurring in this part of the receiver; 

FIG. 5 illustrates the detail of another part of the 
receiver of FIG. 3; 
FIG. 6 illustrates the detail of a third part of the 

receiver of FIG. 3 and FIG. 6a and 6b illustrate the 
wave forms of the signals appearing in this part of the 
receiver, respectively in the case of a theoretical em 
bodiment and in that of a practical embodiment; 

FIG. 7a to 7d illustrate the block diagram of a 
receiver in accordance with the invention, for receiving 
a two-signal transmission; 

FIGS. 8a to 8d and 9a to 9d show respective embodi 
ments of a phase detector for producing k'a-k' dif 
ferences, with operation diagrams thereof; 
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4. 
F.G. 0 illustrates a variant of the embodiments of 

FIGS. 8a and 9a 
FIG. 11 illustrates a preferential embodiment of a 

-f- unit; 
FIGS. 12a and 12b are respectively a detailed view of 

FIG. and a corresponding operation diagram; 
FIG. 13 illustrates a simplified embodiment of a +/- 

unit; 
FIGS. 4 and 5 illustrate variant embodiments of 

the device of FIG. 3; 
FIG. 16 illustrates the block diagram of a receiver of 

the "two signal' type; 
FIG. 17 illustrates an embodiment of receiver ac 

cording to FIG. 3, comprising means for providing the 
velocity information; 

FIG. 18 illustrates a read-out device for the x' quanti 
ty; and 

FIG. 19 illustrates an embodiment of a timing device 
for use in a receiver according to the invention. 

In the following, the invention will be explained in 
terms of two types of transmission: 
transmission using the "single signal principle' and 
transmission using the "two-signal principle.' The 
chief difference between these types of transmission 
resides in the fact that the audio frequency position 
finding signals obtained in the "single signal' system, 
are stable in frequency and phase which makes it possi 
ble to process them successively; however, in the case 
of the “two-signal' system, it is necessary to process 
the signals in pairs since they are unstable. In order to 
provide an explanation of these two types of transmis 
sion, we will consider the case in which a reference 
signal is being transmitted but it will be seen at a later 
point in this specification that the present invention is 
equally capable of handling the types of transmission 
referred to, without any necessity for a reference trans 
mission. 
Transmission of the "single signal' type, with a 
reference signal, FIG. 1. 
The transmitter arrangement corresponding to a 

group of signals, comprises three transmitters A, B and 
C. Transmitter A produces a high-frequency signal of 
frequency F modulated by a low-frequency reference 
signalf, while transmitter B produces a high-frequency 
signal of frequency F, and transmitter C produces a 
high-frequency signal of frequency F – f. The signals 
are received at a known fixed point D. At this point, the 
HF signal produced by A is demodulated in order to 
obtain an audio frequency for reference purpose, and 
the doublet system F, F, -f, is mixed in order to ob 
tain an audio frequency referred to as a position-find 
ing signal. At D, the audio frequency reference and 
position-finding signals are compared with one another 
and as a result one of the transmitters B, C is controlled 
in order two keep said to audio frequency signals in 
phase. The result is that the frequency difference f of 
the doublet system of high-frequency signals produced 
by the transmitters B and C, will always be strictly 
equal to the frequency f, of the audio frequency signal 
modulating the high-frequency signal produced by A. 
if, in transmitter A, in order to create the audio 
frequency reference signal which is designed to modu 
late the carrier produced by A, a high-stability (for ex 
ample 10) crystal is used, then the audio frequency 
reference signal and the audio frequency position-find 
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ing signal will both have the same frequency stability (= 
10). If f = 80 Hz, then the possible variation inf, will 
be given by: 

Af=f, 108-8-10 Hz. 
Transmission of the "two signal' type, with a reference 
signal, FIG.2. 

In respect of each group of signals, likewise three 
transmitters A", B' and C', are used. The transmitters 
B', C' produce a doublet of signals, offrequency F, and 
F - fo, which is received at a known fixed location D' 
close to A'. The doublet F, F+f, is mixed in order to 
obtain an audio frequency f, which is transmitted to the 
transmitter A' where it is employed to modulate an HF 
carrier of frequency F, the audio frequency signal thus 
transmitted being the reference signal. It will be seen 
that in this fashion the audio frequency reference signal 
always has the same frequency f. as the audio frequen 
cy position-finding signal, but the stability of this 
frequency f, of the reference signal is poorer than in the 
case of the "single signal" system. If F is equal to 
1.700 kHz and if high-stability crystals are used to 
generate the frequencies F and F--f, then it will be 
seen that the variation in the frequency F can amount 
to AF = Fi 10 = 1.7 Hz. Thus, if F can vary by 1.7 
Hz and F - f by the same amount in the opposite 
sense, it will be appreciated that the value f, may vary 
by 3.4 Hz, which, assuming that f = 80 Hz, cor 
responds to a stability factor in the order of 5-10. The 
generation of the instantaneous phase of the audio 
frequency position-finding and reference signals is thus 
not a regular function of time and the measurement of 
their phase-shift is pointless unless these two audio 
frequency signals are processed simultaneously. 

RECEPTION 

The vehicle M whose position is to be determined, 
picks up the various signals transmitted and processes 
them in order to obtain the corresponding audio 
frequency position-finding and reference signals. In a 
general manner, at the location of the vehicle the in 
stantaneous phase of an audio frequency signal trans 
mitted in the above manner, can be written as 27 ft - e. 
where e = k + Kx in which k is a known coefficient hav 
ing a value between 0 and 2nt and representing the par 
tial value of the phase e at a fixed location where x = 0; 
K is likewise a known coefficient representing the 
signal sensitivity factor, the sensitivity factor being the 
ratio of phase variation to distance or distance dif 
ference variation for each radio position-finding signal, 
and x is a quantity characterizing the position of the 
vehicle. Thus, using the type of transmission system 
which employs a reference signal, if so is the phase of 
the audio frequency reference signal and e i is the 
phase of the audio frequency position-finding signal, 
then we can put: 

e1 = koi 

(K= 0 for a reference) 
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Each of these phases can be determined only in 65 
terms of its partial value, that is to say somewhere 
between 0 and 27t; there is thus a certain undetermined 

6 
factor. Moreover, the coefficients k cannot be deter 
mined except for a certain constant (this is in addition 
to the indeterminacy of the number of complete 
revolutions or cycles), because of the arbitrary choice 
of the time origin. The constant K is proportional to 
the frequency F or F - f, in accordance with the 
transmission characteristics, as a detailed calculation 
will illustrate. 

It will be assumed that the coefficient K, correspond 
ing to the audio frequency reference signal, has the 
value 0. In fact et will vary a little as the distance of the 
vehicle from the transmitter producing the reference 
signal varies, but this variation would have to reach a 
value of 3,750 km (in the case where f = 80 Hz) in 
order fore to vary by 27t. It can therefore be assumed 
that in the geographical range envisaged, the phase e 
of the reference signal does not vary, hence the term 
"reference.' Accordingly, the reference signal can be 
transmitted from any point, for example from one of 
the transmitters B or C (in other words, in the case of 
FIG. 1, A coincides with B or C), since its phase does 
not depend upon the location of the transmitter. 

If the reference signal is transmitted from B, then the 
characteristic frequency of the group will be that of the 
HF signal produced by transmitter C (F - f.) and K 
will be proportional to F--f. If the reference signal is 
transmitted from C, then the characteristic frequency 
of the group will be F. 

In the case where the reference signal is transmitted 
from a point A, distinct from Band C, then the charac 
teristic frequency of the group may be made equal to F. 
or F if, it being understood of course that one is then 
neglecting the variations in a difference between the 
correcting terms applied to k and k, these terms 
respectively taking the form: 

2nfDAlc for koi 
and 

2nfDBlc or 2nfDolc 
for k since when x=0, D=D in which: 

DA, D, Dc represent the respective distances of the 
vehicle from the points A, B and C; 

c represents the velocity of light. 
By taking the difference eo- e, we obtain 

e - e = k - k - KX 
We know ko - k, that is to say the partial phase-shift 
between the two audio frequency signals at the known 
fixed point hereinbefore defined. Calculation shows 
that x, with the exception of a constant, represents the 
difference in the distances between M and the two 
transmitters of the doublet system. The quantity x can 
be expressed in any desired unit and all that is necessa 
ry is that the element which records or displays it shall 
be able to do so in a manner which indicates its total 
possible variation. Its total possible variation is 
equivalent to its variation between the two transmitters 
of the doublet system. 

It will be seen that the phase difference e - e is 
constant when x is constant, that is to say that the phase 
difference is constant around a hyperbola having the 
two transmitters of the doublet as its foci. If e - e is 
known, it is therefore possible to situate the vehicle on 
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such a hyperbola; if there are three other signals availa 
ble, transmitted by two other transmitters in order to 
establish another hyperbola, then the point of intersec 
tion between the two hyperbolae will represent the 
position of the vehicle. 

It will be observed, however, that a variation of 27T in 
the phase-shift e - e, due to a variation in c, leads us 
back to the same partial value fore - e. If the charac 
teristic frequency of the group is 300 kHz, the variation 
in x which is produced by a variation of 27 in the quan 
tity e - e, will correspond to a variation in the dif 
ference between the distances from the vehicle to the 
transmitters, of 1 km. 
As long as this difference between the distances va 

ries by 1 km, therefore, the same value of partial phase 
shift will be obtained. This means that there is ambigui 
ty. In order to characterize this ambiguity, the concept 
of channel or lane is introduced, this being the space 
separating two hyperbolae and corresponding to said 
variation in the distances; the channel is characterized 
by its width on the base line between the antennas; in 
the case considered above, its width is 500 meters. 

In order to remove this ambiguity, a second group of 
three signals is employed; an HF signal modulated by 
an audio frequency signal f, and two HF signals of 
frequency F, and F--2, transmitted by the same trans 
mitters. In the same way, we obtain 

e2 Koe 

e = k - KX 
x in all cases being defined in the manner used earlier, 
since the signals are transmitted by the same transmit 
ters and the constant K, being proportional to F (or F, 
-- f2), so that we have: 

e - e. F (koa-ka) - Kax 
In this way, a new family of hyperbolae is established. 

For reasons associated with propagation and for 
technological reasons, the frequencies F, and F are in 
the same order of magnitude. Fis chosen to be close to 
F in order to obtain a family of hyperbolae exhibiting 
channels of slightly different width to the width of the 
channels associated with the earlier family. For exam 
ple, F, is chosen at 310 kHz so that a channel cor 
responds to a variation of about 970 meters in x. By 
combining these two families, a new family is obtained 
in which the width of the channels corresponds to a 
variation of around 30 km in x. In other words, if we 
take the difference of the two phase-shifts: 

(e-e)-(e-e) = known constant (K- K)x 
here, the sensitivity factor is K - K and thus 

proportional to the difference F. - F. (= 10 kHz) 
between the frequencies. 

This difference between the phase-shifts is itself a 
phase-shift and will not amount to a full revolution or 
cycle until x has undergone a variation of 30 km. There 
is still an ambiguity but this can be removed by a dif 
ferent measurement, for example by taking a sight with 
a Sextant. 

It is possible to use still other, similar families in 
order to obtain intermediate sensitivity factors. 

In accordance with the present invention, the dif 
ferent signals are processed in a sequential manner. 
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8 
The result is two different types of variations depending 
upon whether the transmission is of the "single signal' 
or "two-signal' type. Since it is purely the phase-shift 
e - e, or e - e, which provides any useful informa 
tion (because it is only the difference k - k or k-k 
which can be measured as a reference, given the ar 
bitrary nature of the time origin used to define the ki 
values), it is not possible to receive and successively 
process the various audio frequency position-finding 
and reference signals on board the vehicle, unless the 
frequencies of these audio frequency signals are stable 
as in the case of the "single signal' system. On the 
other hand, in the case of the "two-signal' system, the 
apparatus processes simultaneously each pair of audio 
frequency position-finding and reference signals of one 
and the same group, in other words, it handles them as 
an inseparable pair; in other words, the k values are 
then variables as a function of time and this means that 
the phase e of the signal taken on its own, conveys no 
sense. It is only the phase-shift between the two signals 
of the same pair when considered simultaneously, that 
conveys any sense since the coefficients k of the two 
signals are rigidly linked with one another. In the "two 
signal' case, therefore, it is exclusively the measure 
ment of the phase-shift between the audio frequency 
position-finding and reference signals, which provides 
any useful information. 
The same kind of expression for this phase-shift will 

be used in the "two-signal' case, as is used to describe 
the phase of a signal in the "single signal' case. Thus 
the phase-shift between the audio frequency reference 
and position-finding signals of one and the same pair, 
can be written: 

e = k = Kr 

where e represents the phase-shift at the vehicle, k the 
magnitude of this phase-shift at a known location and K 
the sensitivity factor of the group in question. 

In the 'single signal' case, there is quite obviously an 
immediate simplification to be made due to the fact 
that the reference signals can be combined into one 
reference signal and, consequently, for all the groups 
transmitted by the same two transmitters, a single 
unique reference signal will be obtained: 

eo fo1 

It is even possible to provide a single, unique 
reference signal in respect of a complete system, that is 
to say an arrangement providing at least two 'families' 
of hyperbolae (in the broad sense of the term) having 
different foci, since the phase of the reference signal 
does not depend upon the unknowns x. 

It is important at this juncture to make a further 
general comment with relation to the reference signal. 
The examples which have been taken here have been of 
transmissions using a reference signal, however the 
present invention applies equally to the case where no 
such reference signal is used, instead the doublet 
signals alone. In this case, it is necessary to combine at 
least two audio frequency signals obtained from these 
doublet systems, in order to produce any useful infor 
mation. 

In the following, two embodiments of a sequential 
receiver in accordance with the invention will be 
described in relation to the "single signal' and "two 
signal' cases. 
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"Single signal' type receiver (FIG. 3). 
This receiver essentially comprises a receiver unit 1 

which collects the HF signals, derives from these the 
audio frequency reference and position-finding signals, 
and delivers the latter in a determinate but arbitrarily 
selectable order, to the input 2 of a difference detector 
3: memories 4, 5 and 6 for coefficients k', k" and k"; a 
memory 7 for a quantity x'; a control unit 8 which sup 
plies a local signal of the same audio frequency as the 
signals applied to the input 2, and which is applied to 
the second input 9 of the interval detector 3; and units 
10 and 11 for producing a quantity y and a memory 12 
for storing same. 

It will be assumed, for example, that a transmission is 
such that the three following audio frequency signals 
are received successively and in the order mentioned: 

the audio frequency reference signal of phase e = k 
the first audio frequency position-finding signal of 
phase and characteristic frequency e = k kx, F, 
= 300 kHz the second audio frequency position 
finding signal of phase and characteristic frequen 
cy e = k + Kr; F = 310 kHz. 

The processing of these signals is obviously a. 
periodic operation; the term "sequence' will be em 
ployed to designate the time interval devoted to the 
processing of each signal: each cycle of the receiving 
programme obviously contains a certain number of 
sequences and at least as many as there are signals to be 
processed. 

Let us assume, first of all, that the vehicle is at a 
standstill, so that x does not change. 

Stored in its memory 4, the receiver contains a coef 
ficient k' representative of a phase. When the audio 
frequency reference signal is applied to the input 2 of 
the difference detector 3, the control unit applies to the 
other input 9 of said same detector a local reference 
signal of phase db = k' and frequency identical to the 
reference frequency (for example 80 Hz). The dif 
ference detector 3 compares the phases of the audio 
frequency reference and local signals. If a phase dif 
ference his detected, the latter is then used to more or 
less completely correct the value of k" stored in the 
memory 4. Then, during a new sequence in the next cy 
cle, the control unit establishes a new local signal of 
phase db which is equal to the corrected value of k", 
and this indeed until b = o, viz: 

d = e, 
in other words 

k' Fk. 
Similarly, when the first audio frequency position 

finding signal is applied to the input 2 of the difference 
detector 3, the control unit applies to the other input 9 
of this detector a local signal of phase db = k" - Ki c' 
(k' being the coefficient which represents a phase and 
which is stored in the memory 5) and of the same 
frequency as the first audio frequency position-finding 
signal (e.g. 80 Hz). The difference detector 3 compares 
the phases of the audio frequency position-finding and 
local signals. If it determines a phase difference of thi, 
then the latter is used to more or less completely cor 
rect the value of k" in the memory 5. Then, during a 
new sequence in the next cycle, the control unit will 
establish a new local signal on the basis of this cor 
rected k' value, and indeed until 
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g Fe 
in other words 

k - Krak' -- kx' 
The same procedure is gone through during each 

reception cycle, in respect of the second audio frequen 
cy position-finding signal, so that if k' is the coefficient 
representing a phase and stored in the memory 6, ulti 
mately the following will result: 

We shall call 6 the difference between the coefficient 
k' stored in the store 4 and its real value k 

6 = k - k 
from which, when 

= 0 
we have 

8 = 0 
Similarly, we shall call 8, the difference between the 

coefficient k" stored in the store 5 and its real value k 
8 = k'-k 

from which, when 

th=0 
we have 

8, = K, (x-x') 
In other words, the error made by storing k' instead of 
k provides us with information on the error made by 
storing x' instead of x. This arises from the fact that the 
stored k' and x' values are used to produce a local 
signal which is in phase with the audio frequency posi 
tion-finding signal, and that an error in one of the ele 
ments affects the other element. 

Similarly, we shall use the symbol 8 to designate the 
difference k" - k and, when 

b = 0 
we have 

The quantities 8, thus produce information on the 
difference x-x'. If one could know the values of these 
quantities 81, exactly, any one of them could be used in 
order to modify x' in the desired position in order to 
completely cancel out the relevant 8, value and thus 
reduce the difference x - x' to 0, this operation being 
carried out with a factor of K. 
However, the values of the 8, quantities cannot be 

completely known: 
on the one hand, the values of the quantities k are 

known with the exception of a constant which is a func 
tion of the arbitrarily chosen time origin. The same ap 
plies to the quantities k' and, since it is not possible to 
have the same time origin at the transmitting and 
receiving ends of a system, the result is that the quanti 
ties 8 are known except for an unknown constant; 
on the other hand, since the coefficients k and k" 

represent phases and are consequently located 
somewhere between 0 and 27t, the same applies to the 
8, values. 
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However, if the difference x - x' is substantial and if 
the coefficient K has a high value, the product K (x - 
x') which is homogeneous at a phase and therefore at 
an angle, may be substantially greater than 2nt and 
comprise a certain number of full revolutions so that 
the equation: 

6= K, (x-x') 
should be written 

8=fractional part of K (x-x'), 
the term "fractional part' being intended to convey a 
fractional part of a revolution thus, if 8, is expressed in 
radians, a quantity between 0 and 27t. 

It will not suffice, therefore, to reduce 6, to O in 
order to make x' equal to x, this result is only obtained 
if the product K (x + x') is comprised within -t, - att 
in absolute value. 

In the general case, therefore, there is an ambiguity 
in the value of the unknown. 
For all these reasons, it is impossible, at least within 

the framework of the single signal system, to directly 
employ the 8 quantities for reaction upon the x' value. 

In order to eliminate the above difficulties, A quanti 
ties are used which are obtained by the linear combina 
tion with whole number coefficients, of the 8, quanti 
tes: 

AF X Ot 8, 
at should be constituted by whole number integers in 
order that the ambiguity in A shall be no greater than 
that in 8. 
The coefficients should be simple ones (in most cases 

they will be equal to +1, 0 or -1) in order not to exces 
sively increase the value of the probable difference in 
the final result; they are fixed by design considerations. 

In addition, for a given A value, the coefficients at 
should be selected in such fashion that the unknown 
constant affecting each 8, value is eliminated and that 
A is known without any uncertainty than that of the 
whole number of 27r values (ambiguity). 
We then have: 

ATX og K (x-x') 
It appears, therefore, that if we know a top limit on the 
difference - x' (x' being determined roughly by an as 
tronomical sight for example), we can select the coeffi 
cients or, abiding by the conditions set out hereinbe 
fore, so that 

X at K (x - x') 
is always somewhere between 0 and at in absolute 
value. 

it will then be possible to employ the quantity A in 
order to modify x' in the position required to cancel out 
A and, therefore, to cancel out the difference x - x' 
without any ambiguity. 

This operation is effected with a sensitivity factor X, 
or K, which is the weaker the larger the difference x 
x' can be made; thus, a rough position for x' will be ob 
tained, making it possible to considerably reduce the 
value of the difference x -x'. 
The operation will be repeated by selecting other 

coefficients or in order to improve the sensitivity factor 
X at K and thus obtain a more accurate position for c'. 
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2 
This procedure is continued until the probable dif. 

ference of the result thus obtained for the value of x' 
has become uniform with the errors which are due to 
causes outside the process. 

In the light of the definition of the quantities 6, the A 
values can be regarded as linear combinations with 
whole number coefficients, of the k" values and, in 
practice, the quantities A will be produced directly 
from the coefficients k". 
These various points are illustrated in FIG.3. 
In FIG. 3 a unit 10 has been illustrated, in which a 

quantity A1 is generated such that 

A = 8, -8s (K-K) (x-x') 
from which 

A = (k'-k) - (k'-k) = (k'-k') - (k-ki) 
The differences k's - k" and k - k are completely 

determined since a common time origin is taken for the 
k' values and likewise for the k values (taking into ac 
count these differences, brings about the elimination of 
the unknown constants involved in the determination 
of the k and k' values). 

In addition, it can be contrived that at transmission k, 
= k = k so that we obtain 

in other words A represents the difference between the 
two coefficients k" and k" stored in the memories 5 
and 6. 
A is used to influence x' in such a way as to reduce 

A to zero and thus to cancel out the difference x - x'. 
Simultaneously, k' and k' are influenced in propor 
tions such that the b functions determined by the con 
trol, are not modified; in other words, it has been as 
sumed that the vehicle is at a standstill (therefore e = 
constants) so that at all times we have e = db and there 
fore b = 0. Because of the fact that x' tends towards x, 
the 6, quantities tend towards 0 or, in other words, the 
k' coefficients tend towards their real value k. 

It will be seen that the sensitivity factor of this cor 
rection of x' is (K. - K) this corresponding to cor 
rection channels having a width of 15 km (on the base 
line) starting from the hypothesis made earlier in which 
F = 300 kHz and F = 310 kHz. 

It is sufficient, therefore, to have been able to deter 
mine x' in such a manner that x - x' is less than 7.5 km, 
in order for the expression (K-K) (x-x') always to 
be less than it in absolute value, and that, consequently, 
the above process makes it possible to determine a 
value of x' which is substantially equivalent to x which 
value, although possibly not very accurate, is neverthe 
less not ambiguous. 

In order to improve the accuracy of this determina 
tion, in the unit 1 another combination of 8, values is 
produced, 
namely, 

AF 8, - 8= K, (x-x') since the condition 8–0, i.e., 
Kal K is true or 

A = (k'i - k) - (k'o -ko) = (k'-k'o)- (k - ko) 
further it has been assumed that 
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ko = k1 
by fixed conditions at transmission so that we are left 
with 

A = k" - k" 
In the same way as before, A will be employed to in 

fluence x' in a way which tends to reduce A to zero and 
thus to more precisely cancel out the interval x-x'. At 
the same time, k" and k" (although k' is not involved 
in the definition of A.) will be influenced in proportions 
such that the operation of the control is not disturbed. 

In a general way, at the same that a A quantity is em 
ployed to modify the value of x', it is used equally to 
modify the values of all the k" coefficients which cor 
respond to K, coefficients which are other than 0, and 
this in proportions such that the operation of the con 
trol is not modified. 
The sensitivity factor of this new correction is K, 

corresponding to channels having a width of 500 me 
ters (on the base line) and always based on the 
hypothesis that F = 300 kHz; the determination is thus 
a much more accurate one than the foregoing one. 

If required, the receiver may also be arranged to 
process other HF signals (for example F = 350 kHz) 
enabling a third audio frequency position-finding signal 
to be produced and thus making it possible to obtain a 
quantity As, ergo 

A = 8-8, s (K-K) (x-x'), 
which would enable an intermediate mean sensitivity 
factor correction (K- K) to be effected, correspond 
ing to channel widths freak of 3 km (on the baseline). 
The above formulae are simplified by the fact that 

there is a reference signal, but it will be obvious that the 
same means could be employed in the case where no 
reference signal is transmitted, since the said formulae 
are general ones anyway. 

It will be abundantly clear from the foregoing 
description that no more than one A value is used at 
any one time; the various Avalues are operated succes 
sively. 
Thus far, it has been assumed that x does not change, 

but of course in practice the vehicle will be moving and 
therefore x will change and it is required that x' shall 
follow the variations in x; it is therefore necessary to 
continue to effect corrections of x' by means of the 
finest A quantity compatible with the speed of dis 
placement of the vehicle. 
However, since the data are processed in a sequential 

manner, the corrections in question cannot be effected 
in a continuous way and x' will vary in a discrete 
act. 

In order to overcome this drawback, advantageously 
the system described hereinafter and illustrated in FIG. 
3, will be used. 
The receiver comprises, additionally, a velocity 

memory or store 12, the content v of which represents 
in magnitude and sign the velocity of the variation in 
the unknown x, which variation is due to the movement 
of the vehicle. This velocity information is supplied to 
the store through the medium of the differences it 
coming from the phase difference detector 3. For a 
given value of y, the store 12 produces a continuous 
variation in the content x' of the store 7. It is obvious, 
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4. 
of course, that the difference the corresponding to the 
reference signal, cannot, since it is not due to a varia 
tion inx, affect the velocity memory 12. 

If the value v stored in the store 12 truly corresponds 
to the real velocity of the vehicle, then the variation in 
x' will follow that in x and consequently the difference 
x - x', and therefore the quantities 8, and A, will 
remain 0. 
However, it may happen that the content of the 

velocity store 12 does not precisely correspond 
(amongst other things because of its discrete nature) 
with the real velocity of the vehicle, and the variation in 
x' will not exactly follow that inx, so that corrections to 
x' will take place in a discrete manner. In order to over 
come this drawback a A value will be used, preferably 
that corresponding to the highest sensitivity (A in the 
case of FIG. 3), in order to influence not x' but the v 
value stored in the velocity store 12, this through the 
agency of the link 13. In other words, as soon as x' 
commences to diverge from x, the quantity A taken will 
adopt a value other than zero. It will then immediately 
influence the content of the velocity memory in the 
desired sense, so that x' varies more rapidly or more 
slowly, as the case may be. 
The mode of operation of the receiver is as follows: 
By a previous determination (for example by taking 

an astronomical sight), a sufficiently close approxima 
tion to the value of x is obtained in order to position the 
vehicle in a channel corresponding to the coarsest sen 
sitivity factor K - K. This "estimated' value is fed 
into the store 7 (quantity x'). The receiver then 
receives the high-frequency signals, derives from them 
the audio frequency direction finding and reference 
signals, and stores the corresponding coefficients k". 
Then, the A value corresponding to the coarse regulat 
ing function (A) is produced and this is used to correct 
the estimated x' value stored. Subsequently, the A 
value of the fine regulating system (A2) is employed to 
more accurately determine the x' value thus produced, 
x', then being furnished in the form of a number; a 
determinate and unambiguous hyperbola (the hyper 
bola on which the vehicle is located). During the whole 
of its correcting phase, the value v stored in the velocity 
memory is make 0. Subsequently, the differences l are 
used to determine said v value (velocity taken into ac 
count). In order to determine the other hyperbola 
(defined by the transmission of other HF signals by 
other transmitters), the intersection of which with the 
first determines the position of the vehicle, it is of 
course possible to employ a second receiver identical 
to the one just described. However, because of the 
design of the receiver in accordance with this invention 
and of the sequential nature of the process employed, it 
is possible to effect dual exploitation of numerous of its 
elements in order to determine said second hyperbola. 
Amongst other things, it is quite sufficient to provide 
the receiver with supplementary stores for the coeffi 
cients ki, the value x' and the velocity v which are 
characteristic of the second hyperbola. In particular 
when a reference signal is transmitted, since the coeffi 
cient k' is independent of the unknown x, one and the 
same reference signal and thus the same k' value 
stored in the store 4, can be used for the determination 
of the two hyperbolae. 
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Once position and velocity determination has been 
initiated for an unknown x, the Aquantity correspond 
ing to the finest sensitivity factor is switched to 
cooperate with the velocity store and the receiver then 
operates in a locked-in condition. 
Another mode of operation is equally possible: 
It is possible to commence by utilizing the A value 

corresponding to the finest sensitivity factor, and to in 
itiate the velocity operation of the receiver in such 
fashion as to "engage'x' with x with quite close accu 
racy but ambiguously, and then to use the Avalues cor 
responding to the coarsest sensitivity factor, assisted if 
required by the recording of the estimated value in 
order to overcome this ambiguity. This mode of opera 
tion is only economical if the coarsest measurements 
do not effect the results of the fine measurements. 

All these operations are of course carried out in an 
automatic manner in accordance with a predetermined 
programme, as well for the processing of the signals as 
for the execution of the various operations of control, 
correction, and so on. 

In the whole of the foregoing, no hypothesis has been 
developed regarding the time characteristics of the 
transmission. 
The signals may equally well: 
either all be permanently transmitted, meaning that 

the receiving programme is then a matter of arbitrary 
choice; 
or be transmitted in a sequential way, meaning 

amongst other things that one and the same frequency 
can be employed to transmit several pieces of different 
information (thus providing an economy of the number 
of frequencies used), and it will be obvious, too, that in 
this instance the receiver programme will have to be 
adapted to the transmitter programme and 
synchronized therewith by some known artifice. 

In the following, a description will be given of means 
which are used to carry into effect the various opera 
tions which have so far been described: 
The receiver comprises a time-base constituted by a 

frequency generator supplying a counter-divider made 
up of series-connected trigger stages. The generator 
comprises a very high stability crystal such that the 
frequencies produced on each frequency dividing out 
put are extremely stable. 

This timebase serves, amongst other things, to define 
the receiver programme and to define the time origin to 
which the various quantities k'o, k'i, x', 2', v stored in 
the receiver are related. 
The stores likewise take the form of counter-dividers 

supplied with a fixed frequency (preferably derived 
from the timebase). The signal produced at the output 
of a counter of this kind is a squarewave signal of a 
given frequency. The phase-shift exhibited by this 
signal in relation to a square-wave signal of the same 
frequency coming from the timebase, characterizes the 
content of this counter, This phase-shift is represented 
by the stagger between the signals (in other words it 
takes the form of a time interval). The content of this 
store, in other words the phase of the output signal 
from the counter, can be modified by the momentary 
modification of the supply frequency to the counter. By 
way of example, there now follows a description of the 
operation of the difference detector 3 and of the as 
sociated memory 5 (FIG. 4). 
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6 
The phase comparator 14 detects the difference in 

phase between the audio frequency signal applied at 2 
and the local signal applied at 9. It produces at its out 
put a symmetrical signal 15 (FIG. 4a) which is symmet 
rical when the detected phase difference is 0. This 
signal deviates progressively further from this symmet 
rical form the more the detected phase difference in 
creases. The signal is applied to a converter arrange 
ment 16. The arrangement 16 comprises two parallel 
channels: 
One channel contains the series arrangement of a 

signal polarity inverter 17, a NAND gate 18, a counter 
divider 19 and a converter 20; the other channel com 
prises in series a NAND gate 21, a counter-divider 22 
and a converter 23. The polarity inverter 17 produces a 
signal 24 (FIG. 4a). The gates 18 and 21 are only open 
during the positive peaks (for a square wave) of the 
signals 15 and 24. Fixed frequency pulses, ad 
vantageously derived from the timebase, are applied to 
the input 25, supplying in parallel the second inputs of 
the gates 18 and 21 respectively. At the outputs of 
these gates, the respective signals 26 and 27 are ob-, 
tained, each gate only allowing the pulses to pass dur 
ing the positive peaks of the signal applied to its first 
input (signals 15 and 24 respectively). These pulses are 
fed into the counter-dividers 19 and 22, each of the 
latter having the same capacity as the other, at outputs 
of which the rectangular waveformed signals appear. 
The frequency of these signals depends, of course, on 

the one hand on the number of pulses applied to the in 
put, that is to say the relative width of the positive 
peaks of the corresponding signal 15 or 24, and on the 
other hand upon the division factor of the counters 19 
and 22. 

It will be understood that the frequencies of the out 
put signals from the counters 19 and 22, will be equal 
when the phase difference detected is zero, and that 
they will differ progressively more from one another as 
this phase difference increases. 
The counters 19 and 22 have the effect of averaging 

pieces of information received; the pulses appearing at 
the outputs of the gates 18 and 21 are supplied in 
bunches and the number of pulses in a bunch is directly 
related to the noise component in the audio frequency 
position-finding signal; the counter-dividers 19 and 22 
are of the integrating kind. 
The result of this is, amongst other things, that at the 

end of the processing of each signal, it is necessary to 
reset the counters 19 and 22 to 0 before processing the 
next signal. 
The output signals are converted into pulses in the 

converters 20 and 23, these units being for example 
designed so that a pulse is produced at their output 
when the input signal has a decaying front. 
These pulses, and more precisely their difference 

number, define the phase difference in magnitude 
and sign, which is detected by the difference detector 
3. These pulses are fed to a selector device 28 which 
directs them to the points of application which cor 
respond to the signal in question. 

Considering FIG. 4, we will assume that it is which 
is involved, this influencing the store 5 (k'i) among 
other things. 
To this end, these pulses are applied to the two inputs 

of a "--/-unit'29 which is included in the store 5. 
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This store S comprises, in addition, like all the other 
stores, a counter-divider 30 which is supplied across 
"---or unit ' 29, which a fixed frequency 31 in the 
manner hereinbefore described. The unit 29 has an 
input-- and an input-, the output of the unit 20 being 
connected for example to the -- input and the output of 
the unit 23 to the - input. The pulses applied to the -- 
input are added to those coming from 31, while those 
applied to the - input are subtracted from same. If the 
phase difference detected by 3 is 0, then as many pulses 
are supplied to the + input as are supplied to the - in 
put, so that the phase of the output signal from the 
counter 30 is unaffected, in other words the value k" 
stored in the store 5 is left unmodified. By contrast, if 1 
there is a phase difference, then the number of -- pulses 
will differ from the number of - pulses so that the 
frequency of the input pulses to the counter 30 is 
modified and therefore the phase of the output signal 
from said counter 30 likewise, and this in turn means 
that the value k" stored in the store is modified. 

It should be pointed out that the comparison 
between the audio frequency position-finding signal 
and the corresponding local signal, and the correction 
of the corresponding k' coefficient (k' in the case of 
FIG. 4) is effected throughout the time of a sequence, 
without affecting the local signal. It is only during the 
course of the corresponding sequence in the following 
cycle, that the phase of the local signal is corrected on 
the basis of the corrected k' value. 

It is possible to effect 100 percent correction of k" 
directly so that as soon as the following cycle arrives, e. 
= db. It is equally possible to effect only a partial cor 
rection of k", by 50 percent for example, so that when 
the following cycle arrives, the difference th Fei - (b. 
will have been reduced by half, proceeding in this way, 
and progressively closing the gap, the final result e1 = 
db (= 0) is obtained. 
The reasoning stated above, is based on the implicit 

assumption that x does not change, however a similar 
kind of reasoning could be evolved for the case where v 
varies. 
No case arises, however, where the correction of k' 

has to exceed 100 percent and, consequently, the time 
of application of the pulses to the unit 29 during each 
sequence, is at the most equal to a value (the max 
imum) corresponding to said 100 percent correction; 
this maximum value is of course a function of the 
frequency of the pulses applied to the input 25, of the 
division factors of the counters 19 and 22 and of the 
capacity of the counter 30. 
By way of example, the production of the local signal 

may be effected in the manner shown in FIG. 5. Let us 
assume that it is desired to produced the local signal 
corresponding to the first audio frequency position 
finding signal, and thus to give said local signal a phase 
db= k" + Kx'. The quantity x' is stored in 7, the latter 
device essentially comprising a counter 32 supplied 
with a fixed frequency at 33 across a '-il- unit' 34 
which serves, additionally, to correct x" using the same 
procedure outlined in relation to k' in the case of FIG. 
4. The stagger between the output signal from the 
counter 32 and the signal of identical frequency com 
ing from the timebase, is represented by x'. This stagger 
is determined by the time interval separating a decay 
ing front in the output signal from the counter 32, and 
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8 
the decaying front of the identical frequency signal 
coming from the timebase and applied immediately af. 
terwards at 35. The reading off of the quantity x' is ef 
fected by conventional means at 36. 

In order to generate the local signal, there is a 
counter 37 supplied at 38 with a fixed frequency ad 
vantageously coming from the timebase and having a 
value such that the frequency of the output signal from 
the counter 37 is equal to the frequency of the LF posi 
tion-finding signal applied at the input 2 of the dif 
ference detector 3. 
The requirement now is to contrive that the phase db. 

of the output signal from the counter 37 is equal to 
db = k' -- Kir' 

We can commence with k' or Kr'. If we commence 
with k'i, the first phase of the control operation consists 
in setting the counter 37 to the count reached by the 
counter 30 of the store 5. To do this, assuming for ex 
ample that the output signal from the counter 30 has 
the same frequency as the output signal from the 
counter 37 (this is advantageous but by no means com 
pulsory), the counter 37 being supplied at 38 (switch 
39 in position I), the counter 37 is zeroed through the 
medium of the line 40 at the instant that the output 
signal from the counter 30 represents a decaying front. 

During the second phase of the operation of control, 
the supply to the counter 37 by 38 is interrupted 
(switch 39 in position II) and it should be pointed out 
that this interruption lasts for a time exactly equal to a 
whole number of cycles of the local signal, the initial 
setting of the counter 37 by k", not being affected. Still 
during said second phase, the contact-breaker 41 is 
closed for a time equivalent to the stagger between the 
output signal from the counter 32 and the fixed 
frequency signal applied at 35, so that the counter 37 is 
supplied with a fixed frequency at 42 which is propor 
tional to F, the proportionality coefficient being such 
that during the closing of the contact-breaker 41 the 
phase of the output signal from the counter 37 varies by 
K x' w 

All that is then necessary is to reset the switch 39 to 
position I, bearing in mind the above condition relating 
to the operation of said switch in order not to disturb 
the initial setting of the counter 37, and at the output of 
the counter 37 there is then obtained a local signal the 
phase db of which is equal to the partial value 

In FIG. 5, the switching means required to produce the 
local signal have been illustrated symbolically in the 
form of the switch 39 and the contact-breaker 41. In 
practice, taking account in particular of the precision 
with which they must operate, these devices will ad 
vantageously be purely electronic in nature. 

In a general way, the receiver may contain a local 
generator which is separate from the control device, 
said generator essentially comprising a counter-divider 
supplied with a fixed frequency such that the output 
signal of said counter-divider has the same frequency as 
the audio frequency position-finding signal. 

in this case, the control device 8 operates in the 
manner indicated hereinbefore, but it is entirely free to 
produce the quantity b whilst the receiver processes 
another signal, then, as soon as the sequence devoted 
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to the processing of the first audio frequency position 
finding signal has started, the counter of the local signal 
generator is set to the count reached by the counter 37 
of the control device, in other words the phase of the 
local signal is given the valued. 

This arrangement is advantageous where it is desired 
to create some time in the control operations, for the 
production of the local signal; in the embodiment 
described in FIG. 5, the choice has been made of com 
bining the two operations of production and applica 
tion of the local signal, with a view to economy, the 
output from the counter 37 being employed directly as 
the local signal. 

In FIG. 6, a preferred embodiment of the phase com 
parator 4 has been illustrated. It comprises three 
NAND gates 43, 44 and 45 connected in order to exer 
cise an NOT EXCLUSIVE-OR logic function. In FIG. 
6a, the position-finding signal S is shown applied at 2, 
the local signal L at 9, and the resultant signal R as the 
output from 46. If we use a logic “1” to designate the 
positive level and a logic “0” to designate the negative 
or 0, then we can construct the following table: 

S L. R 

i : 
It will be apparent from a consideration of FIG. 6a 

that the signal R has twice the frequency of the signals 
S and L, and the relative width l/l of a "0" peak of the 
R signal is proportional to the phase-shift or to the 
stagger between the signals S and L. 

It will be realized immediately, from an examination 
of FIG. 6a, that the mode of operation which has been 
analyzed does not satisfy the characteristics of the 
signal 15 of FIG. 4a, and in particular does not make it 
possible to achieve a condition of symmetry when the 
detected phase difference is 0. 

It will be observed that in the case of the device illus 
trated in FIG. 6, symmetry in the output signal is ob 
tained when the phase difference between this signal 
and the local signal is n/2. 
Thus, it is merely necessary to shift one of the signals 

S or L in phase by Tl2, in order to regain the above 
characteristic, this being illustrated in FIG. 6b; there, L 
is in a condition of phase quadrature. 
An examination of FIG. 6b will show that the new 

output signal R' thus obtained still has twice the 
frequency of the signals S and L and that the difference 
between the relative widths, ( - l)/l and l/l of the 
'1' and “0” peaks of the signal R", in other words (% - 
2l)% = 1-2l/l, is proportional in magnitude and sign 
to the phase-shift (or to the stagger) between the 
signals S and L, this at any rate as long as said phase 
shift remains between - Tr12 and -- T12. 
When the phase-shift varies between + nr/2 and -- it, 

the expression 1 - 2 (l/l) varies between + 1 and 0; 
similarly, when said phase-shift varies between - Tl2 
and - ar, the expression 1 - 2 (l/l) varies between - 1 
and 0. 
The result of this is that the device shown in FIG. 6 

does not correctly detect the differences in phases, ex 
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cept in the range (- T/2,+ ar/2), and outside this range 
it detects the sign correctly but not the amplitude so 
that consequently the corrections which result from 
this will be effected with the correct sign but with a 
reduced gain, the reduction being the more marked the 
closer the difference in detected phase is to +/- T. 

This peculiarity does not constitute any nuisance 
where normal locked-on operation is concerned, 
because, fundamentally the detected phase differences 
should be small. 

It may, however, be more of a nuisance at the time of 
setting into operation of the receiver, the stored k" 
values then being absolutely arbitrary and, if special 
precautions are not taken, the locking-on times (steer 
ing of the k" efficients to their proper values so that it 
F0) may be lengthened as a consequence. 
FIG. 7a illustrates a variant embodiment of the 

method described in FIG. 4 for exploiting the phase 
shift information coming from the phase detector 14. 
The device of FIG. 4, in other words, has the drawback 
that the corrections are effected by a pulse compensa 
tion technique in the unit +/- 29. This method of cor 
rection gives rise to the development of a parasitic 
modulation which can be a nuisance. The improved 
device of FIG. 7a makes it possible to use the -f- unit 
simply to effect correction in accordance with a 
predetermined sign. To this end, the output signal from 
the phase detector is split into two channels producing 
the signals g and B, 3 being obtained by inversion of the 
signal 6 in the element 47. The signals g and B are ap 
plied respectively to one of the two inputs of two 
NAND gates 48 and 49; the other input of each of these 
gates receives two complementary signals or and a com 
ing from the penultimate stage of the counter 37 which 
produces the local signal L. The signals or and o have 
twice the frequency of the local signal. Finally, after in 
version of the output signals from the gates 48 and 49, 
in the inverter elements 50, 51, the signals a and b are 
obtained, the signal a being zero in the example under 
consideration and the signal b being a rectangular 
waveform signal, the mean value of the rectangular 
waveforms of which is representative of the phase-shift 
between the signals S and L. In the example shown in 
the diagram of FIG.7b, the local signal Llags the signal 
S, this lag being less than half a cycle. The signals a and 
b are then "quantised' to produce pulses as shown in 
FIG. 4a. In FIG. 7c the mean value of the signal a has 
been plotted and in FIG. 7d the mean value of the 
signalb, It will be observed that there is an equilibrium 
position for the phase-shift of - (T/2), at which posi 
tion the mean values of a and b are 0. No correcting 
pulse is then applied to the -f- units. For a phase-shift 
of- or- ar/2 about this equilibrium position, one of the 
mean values of the signals a and b will necessarily be 
Zero so that the correcting pulses will be applied to only 
one of the inputs of the -f- units. When the phase-shift 
exceeds these limits, correcting pulses are applied to 
both channels; the operation of the device shown in 
F.G. 7a is thus comparable with that of the device 
shown in FIG. 4 within the same range. However, in 
practice the phase differences must be kept sufficiently 
small to remain within these limits (t2). 
The point P in FIGS. 7c and 7d corresponds to the 

phase-shift between the signals S and L of FIG.7b. 
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In FIG. 3, devices 10 and 11 have been illustrated, 
which, from the coefficients k", k", k' stored in the 
stores, produce quantities A= k" - k" and 2 = k - k". 
These quantities A, being designed to correct the 

values k'o, k", k'a, x', v stored in the receiver, will ad 
vantageously take the form of two pulse trains the dif 
ference between which represents the A value in mag 
nitude and sign, in the same way as for the arrange 
ments described in FIG. 4, which is required for the 
production of the differences . 

Each quantity. A corresponds, in the case of FIG. 3, 
to a difference between two k' coefficients, and thus 
represents the phase-shift (or stagger) between the two 
output signals from the stores corresponding to the k" 
values considered. 

It is worth noting at this point that if it is desired to be 
able to exploit in respect of each A quantity the whole 
of the range (-ar, har), it is not possible in the devices 
0 and 11 to employ phase comparators of the kind 
shown in FIG. 6 in order to detect the phase-shift 
between the two output signals from the relevant k" 
Stores. 

Nevertheless, since the signals concerned are pure 
ones (no noise, component), the use of a simple bistable 
trigger stage placed in one condition by the decaying 
front of the first signal (corresponding to k" for exam 
ple) and in the other position by the rising front of the 
second signal (corresponding to k') makes it possible 
to obtain a symmetrical rectangular waveform signal 
when the difference k" - k" is zero, the signal depart 
ing progressively further from said symmetrical form as 
the difference k" - k" becomes larger. 

This signal is subsequently processed in the same way 
as the signal 15 of FIG. 4, but, in certain instances, it 
must act simultaneously upon several quantities and in 
very precisely defined proportions in order not to falsi 
fy the control operations; this effect can be achieved, 
for example, by employing for the effecting of each 
correction, an arrangement such as that at 16 in FIG. 4, 
the choice of the fixed frequency injected at 25 making 
it possible to maintain the fixed proportions between 
the different corrections. 

In order to produce the k" - k" differences, it is 
possible to use devices of the kind shown in FIGS. 8a 
and 9a as phase detectors. ' 

FIG. 8a illustrates a phase detector for detecting the 
phase-shift between the signals Li and L, which respec 
tively represent the output signals from the counters 5 
and 6 for k' and k". The detector of FIG. 8a comprises 
two known kinds of trigger stages, i.e., "JK trigger 
stages,' 52 and 53. The signals Li and L. are respec 
tively applied to the clock inputs C of the trigger stages 
52 and 53 and simultaneously to the set inputs S of the 
other trigger stage. (When the signal applied to the 
input Sadopts the “0” state, the output Q of the trigger 
is immediately placed in the "--' or “1” state). The "Q 
outputs' of the triggers respectively furnish the A and 
B signals illustrated in FIG. 8b at the left and the right. 
It will be observed in FIGS. 8c and 8d which respective 
ly plot the mean values of the signal A and B, that said 
mean values are both 0 for an equilibrium position cor 
responding to 0 phase-shift between the signals L1 and 
L. 
Within the range of variation of- or- at around said 

equilibrium position, one of the two mean values of A 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
or B (depending upon the sign of the phase-shift) is 0, 
whilst the other varies proportionally with the phase 
shift. Thus, the mean value of A is 0 when the signal L. 
leads the signal Li (FIG. 8b at the left), and the mean 
value of B is zero in the opposite case (FIG. 8b at the 
right). The quantizing of the signals A and B then, as in 
the case of FIG. 7a, makes it possible to avoid any 
parasitic modulation. It should be pointed out that in 
order to achieve correct operation of the device of FIG. 
8a throughout the whole of the range har.or-at, it is 
necessary for the signals Land La both to be symmetri 
cal, that is to say their (+ peaks) and their (- peaks) 
should have the same length. 
The device illustrated in FIG. 9a is not encumbered 

by this requirement for symmetrical input signals. 
This device is composed of two JK triggers 54, 55 

and four NAND gates 56 to 59, the pair of gates 56 and 
57 on the one hand, and the pair 58 and 59 on the 
other, having a common output (each pair of gates 
forms a “OR” logic assembly). The signals L and L. 
whose phase-shift is to be detected, are applied to the 
respective clock inputs C of the trigger stages. The out 
put signal Qi from the trigger 54 is applied to an input 
of the gate 56 of the pair 56, 57 having a common out 
put, and to an input of the gate 58 of the other pair 58, 
59 having a common output. Similarly, the signal ap 
pearing at the corresponding output Q of the other 
trigger stage, is applied simultaneously to the inputs of 
the gates 57 and 58. 
The signals appearing at the corresponding outputs 

O, and Q, of the two trigger stages are likewise applied 
simultaneously to one of the gates of each of the pairs 
which have the common output. The signal appearing 
at the output Q, is applied to the inputs of the gates 57, 
59; the signal appearing at the output Q, is applied to 
the inputs of the gates 56 and 59. 

Moreover, the output signal from each pair of gates 
is applied to the inputs J and K of the corresponding 
trigger. The result (FIG.9b) is that the signals S and S 
produced by the device of FIG. 9a are rectangular 
waveform signals the relative lengths of the rectangular 
peaks of which are proportional to the phase-shift 
between the signals Li and L2. The signals S and Scan 
be quantized subsequently, using pulses in the same 
manner as illustrated in FIG. 4. 

It should be pointed out at this juncture that the 
phase detectors 14 only contain elements (chiefly logic 
gating circuits) which are sensitive exclusively to the 
states of the signals applied, and not to any variations 
rising or decaying edge in these states. The resultis that 
the applied signals, constituted by the audio frequency 
local and position-finding signals, may contain noise 
components without effectively disturbing the mean 
value of the output signals which are representative of 
the detected differences. The applied signals should be 
symmetrical. 
By contrast, the phase detectors used to produce the 

A coefficients are sensitive to variations in state in a 
given position, in the applied signals. The signals ap 
plied to them should consequently not contain any 
noise components. The quantizing of the signals 
representing the differences can be effected by means 
of pulses in the manner illustrated in FIG. 4. In a vari 
ant embodiment, this quantizing can be carried out 
using a rectangular waveform signal in the manner 
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shown in FIG. C. In this case, the two signals produced 
by the phase detector (signals A and B of FIG. 8a, 
signals S and S of FIG. 9a, for example), are applied to 
the "JK" inputs of the JK trigger stages 60 and 61, the 
rectangular waveform chopping signal being applied 
simultaneously to the clock inputs C of these trigger 
stages. The signals produced in the outputs Q and Q. 
of these trigger stages are subsequently applied to the 
counter-dividers as in the case of FIG. 4. (In practice, 
the JK trigger stages 60 and 61 constitute the first 
stages of said counter-dividers). 

In the case where the two signals derived from each 
of the phase detectors are complementary signals (in 
particular the detectors of FIGS. 6 and 9a), it is possi 
ble to use one of these signals alone, the other being 
replaced by a fixed frequency signal. 
The signal obtained is processed as before by the 

chopping operation using pulses or a rectangular 
waveform signal, and is used to effect corrections with 
a predetermined sign. The fixed frequency signal is 
likewise employed in order to effect corrections, this 
time of opposite sign, the fixed frequency being so 
chosen that the sum of the corrections in one position 
and in the other is 0 when the phase-shift between the 
two signals applied to the detector corresponds to the 
equilibrium position. This method of processing is 
called “asymmetrical processing' as opposed to the 
kind of method which employs two identical channels 
for the two complementary outputs (FIG. 4), i.e., the 
“symmetrical'method. 

Reference has been made on several occasions to 
--- units which, when they are fed with correcting 
signals, enable the frequency of the clock signal supply 
ing a counter-divider to be modified and thus, ultimate 
ly enable modification of the phase of the signal 
produced by said counter to be effected. FIG. 11 illus 
trates a preferential embodiment of such a +/- unit. 
The +/- unit of FIG. 11 comprises an input 62 for the 
clock signal, and output 63 for the frequency-corrected 
signal and two inputs 64 and 65 for the correcting 
signals which are designed to raise (+) and lower ( ) 
the frequency of the output signal. All these signals are 
rectangular in waveform and hereinafter the change in 
state of a signal in a determinate position, will be 
referred to as information. 
The --- unit contains two transmission channels for 

the information carried by the clock signal, the chan 
nels feeding into an information adder at one of the 
channels normally being open while the other is nor 
mally closed. The channel which is normally open can 
be closed by the appearance of a piece of information 
at the (-) input 65, in order to inhibit the transfer of in 
formation carried by the clock signal; the normally 
closed channel may be opened by the appearance of a 
piece of information at the (+) input 64, in order to 
pass information carried by the clock signal. The result 
is that the adder element finally produces the algebraic 
sum of the clock information, the information at the 
(+) input and the information at the (-) input. 
The channel 66 which is normally open contains a JK 

trigger stage 67 which normally passes the clock signal 
applied to its input c. The normally closed channel 68 
contains a JK trigger stage 69 which normally inhibits 
the transfer of the clock signal applied to its input C. 
The output signals from these two trigger stages are ap 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24, 
plied to an adder element constituted by an NOT EX 
CLUSIVE-OR) logic circuit 70. The trigger stages 67 
and 69 act as logic elements. They are controlled 
respectively by information at the (-) input 65 and (+) 
input 64, in such fashion that said pieces of information 
may arrive at any instant in relation to the information 
carried by the clock signal. FIG. 12a, for example, illus 
trates the control device under the influence of correct 
ing information applied to the (--) input 65. This device 
comprises two JK trigger stages 7172. The output Q of 
the trigger stage 71 is connected to the clock input C of 
the trigger stage 72, and the output Q of the latter to 
the input K of the former. The output Q of the trigger 
stage 71 constitutes the output of the control device 
and is connected to the JK inputs of the trigger stage 
67. The input C of trigger stage 71 receives the clock 
signal applied at 62 to the -f- unit. The two trigger 
stages 71, 72 simultaneously receive at their set inputs 
RAU, the correcting signal (-). In FIG. 12b, the clock 
signals 62', the correcting signal 65' and the output 
signal Q have been illustrated. When the correcting 
signal is in the '0' state, the two trigger stages 71 and 
72 are blocked so that their outputs Q are in the (+) 
state. With the appearance of a piece of correcting in 
formation, that is to say when the correcting signal 65' 
changes to the (+) state, the trigger stages 71, 72 go 
conductive so that with the arrival of the next decaying 
front 73 of the clock signal, the output Ochanges to the 
“0” state. This blocks the trigger stage 67, closing the 
channel 66 (FIG. 11) but the front 73 has already 
passed. With the appearance of the next decaying front 
74 in the clock signal, the output Q of the trigger stage 
71 reverts to the (+) state while the output O of the 
trigger stage 71 changes into the "0" state, causing the 
output a of the trigger stage 72 to go into the “0” state 
and thus, through the agency of its influence at the 
input or, blocking the trigger stage 71 which latter 
changes to the state corresponding to the case in which 
the channel 66 is open. However the change in state of 
the output Q of the trigger stage 71 takes place slightly 
after the arrival of the information 74 so that said infor 
mation is unable to pass the trigger stage 67. Summaris 
ing, a piece of information appearing at the (-) cor 
recting input 65, has suppressed a piece of information 
(decaying front) carried by the clock signal. It is per 
haps worth remarking that the arrival of the (-) cor 
recting information may take place at any instant since 
it is always absolutely certain that the piece of informa 
tion carried by the clock signal will be suppressed. 
The opening and closing of the channel 68 which is 

normally closed, is controlled in a similar fashion, the 
clock signal being inverted in the element 75 before 
being injected into the trigger stage 69 and into the 
control device comprising the trigger stages 76 and 77. 
By virtue of this inverting operation, the decaying 

front of the clock signal which will pass through the 
trigger stage 69 upon the appearance of a (+) piece of 
correcting information, will never coincide with a 
decaying front in the clock signal passing through the 
open channel 66. This non-coincidence condition is 
necessary since the adder 70 does not produce any in 
formation at all if two pieces of information are applied 
to it simultaneously. 

It should be borne in mind that in order to drive the J 
and Kinputs of the trigger stage 69, the output Q of the 
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trigger stage 76 is used, this trigger stage normally 
being in the “0” state and thus blocking the channel 68, 
and not changing to the "--' state (unblocking the 
signal channel 68) except during a clock period on the 
arrival of each piece of"--' correcting information. 

FIG. 13 illustrates a simplified embodiment of the 
--f- unit. In this case, the addition, in the adder 70, of 
the pieces of clock information applied at 78 and of the 
pieces (+) correcting information applied at 79, is car 
ried out directly. The output signal from adder 70 is ap 
plied simultaneously to the first trigger stage 80 of the 
counter-divider following the +/- unit, and to a control 
device 81 for said trigger stage 80, which device is sup 
plied with the (-) pieces of correcting information. 
The device 81 is identical to that described in relation 
to FIG. 12a. It will be observed that the pieces of (+) 
and (-) information can arrive simultaneously since 
they cancel one another out. On the other hand, the 
pieces of (+) information should not arrive at the same 
time as the pieces of clock information since they will 
otherwise cancel one another out in the adder 70. 
The above arrangements are associated with a 

predetermined quantity, and thus with the correspond 
ing store, and one and the same arrangement can be 
used to process several A values, its input then being 
switched to the corresponding rectangular waveform 
signal. 

It goes without saying, likewise, that one and the 
same element can be used to make several corrections. 

It has been seen, in the foregoing, that the A quanti 
ties, being linear combinations of the k" coefficients, 
can be more complex combinations than a simple dif 
ference between two quantities. If we consider the 
definition of the A values as based on the intermediate 
quantities 8, then it will be seen that each A quantity 
can always be reduced to a sum of phase-shifts between 
different signals taken two by two. In order to produce 
this sum in a concrete form, all that is necessary, for ex 
ample, is to employ as the input signal for the above ar 
rangements a signal which has been produced by Suc 
cessively taking the rectangular waveform signal cor 
responding to each phase-shift considered individually. 
Thus, for example, in the case of FIG.3 and in order 

to influence the velocity store 12, it is possible to use 
not the quantity. A produced by the device 11, but 
quantity A4 such that 

A= 8 + 8, = (k'-k) (k' - k.) 
and, since 

k = k = k = k'o 
A= (k" - k") + (k" - k"). 

The production of A can for example be effected by 
taking two bistable trigger stages respectively con 
trolled by k' and k'o, on the one hand, and by k' and 
k', on the other, the output signals being alternately 
supplied (each during a whole number of cycles of the 
output signals of the k' values) to the input of a device 
16 (FIG. 4). 
This kind of arrangement is advantageous in that the 

quantity A, being sensitive to the information carried 
by the two audio frequency position-finding signals, 
will be "notified' two times more often of a change in 
the velocity of the vehicle, then the quantity A2, 
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26 
because of the sequential nature of the reception 
process. 

It should be pointed out, where the operation of the 
A values is concerned, that they simultaneously correct 
the quantities x' and k'i, whilst where the operation of 
control as defined in relation to FIG. 5 is concerned, 
the values k" and x' are considered in succession. In 
order to avoid falsifying the production of the value bt, 
it is therefore a convenient artifice to interrupt the cor 
recting effect of the A values on x' and k'i, during the 
time interval devoted to the production of each (b. quantity. 
The device 12 of FIG. 3, referred to in the course of 

the description as the velocity store, can in practice and 
by wayof example, comprise: 
a store device designed to store the value v, in the 

same wayas the device 5 referred to in FIG. 4, the in 
puts of the corresponding +/- unit being supplied with 
the phase differences band l; 
a bistable trigger stage which is placed in a given 

position by the decaying front of the output signal from 
the above store and in the opposite position by the ris 
ing front of a signal of the same frequency produced by 
the timebase, so that it thus furnishes a symmetrical 
rectangular waveform signal when v = 0 and deviates 
progressively further from this symmetrical form as v 
becomes larger; 
a device such as the device 16 described in FIG. 4, 

which processes the signal coming from the above 
bistable trigger stage in order, from it, to derive two 
pulse trains for injection at the respective two inputs of 
the -f- unit 34 (FIG. 5) for the x' store 7. 

FIG. 14 illustrates a variant embodiment of the 
device of FIG. 3. In the device shown in FIG. 3, the 
coefficients k' and x' are stored so that at any moment 
it is possible to produce and temporarily store local 
signals having a phase e' = k" + Kx' in order to com 
pare them with the position-finding signals. Sub 
sequently, the k" values are used to produce the Ay 
values in order to influence the quantity X". In the vari 
ant embodiment illustrated in FIG. 14, the e' phases 
and the quantity x' are stored so that in any instant the 
coefficients k" can be produced, and therefore the A 
values, on the basis of the formula k'i Fe' - Kx'. 

In order to describe the device of FIG. 14, the same 
references are used as are quoted in FIG. 3 for ele 
ments which are identical to these and perform the 
same function. 
The phases e'oe', e', are stored in the stores 82, 83 

and 84 which produce local signals applied on the one 
hand to the selector device 85 and on the other to a 
control unit 86. The selector device applies these 
signals successively and in a predetermined order, to 
the input 9 of the phase comparator 3 which, at its 
other input 2, receives the position-finding signals. The 
loop system thus formed has the effect of finally bring 
ing the local signals into phase with the position-finding 
signals, so that the result: 

is obtained. 
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The control device 86 is supplied on the one hand 
with the local signals and on the other hand with the 
value x', in order to produce the coefficients k" by a 
technique similar to that described in relation to FIG. 5 
concerning the production of the e' values. The stores 
10 and 11 for the A and A values, record the dif 
ferences k'a-k' and k"-k'o directly. 

It should be pointed out at this juncture that, unlike 
the case of FIG. 3, the A values only influence the x' 
value whereas the velocity value v influences both the 
x' value and the stores 83 and 84 for the e' and e" 
values, because of the fact that these phases can vary 
from one sequence to the next under the influence of 
displacement of the vehicle. 

Since only one A quantity is used at a time, it is ad 
vantageous to directly employ the one which is 
produced by the control unit 86 and thus to effect an 
economy in terms of the stores 10 and 11. 

It is equally possible, in the case where reception of 
the position-finding signals is a permanent operation, to 
discard the selector device 85 and to provide three 
separate circuits for the storing of the local phases e', 
in the manner shown in FIG. 15. In this case, it will be 
necessary to provide a separate difference detector 87, 
88, 89, for each local signal. 
"Two-signal' type of receiver (FIG. 16) 
As explained in the paragraph entitled "Reception,' 

the expression k + Kx is employed here to express the 
phase-shift between two simultaneously received 
signals. This means two major modifications, the one 
concerning the production of the local signals and the 
other the production of the A quantities, the cor 
responding linear combinations of the k" values being 
then limited to a single k' value by virtue of the defini 
tion of these coefficients. 

Moreover, in the example which now follows, the 
receiver will be described in the context of the general 
case of the implementation of control operations, that 
is to say that the control device produces a signal 
representative of the value of the expression k' + Kx' 
obtained from the stored x' and k' values, which value 
is used to influence the unit producing the local signals 
separately from the control device. 
The receiver shown in FIG. 16 includes a receiver 

unit 90 which receives the high frequency signals, 
derives therefrom pairs of audio frequency signals 
which it supplies in a predetermined and arbitrary 
order to the outputs 91 and 92, and thence applies 
them to the input of a difference detector 93; stores 94, 
95, 96 for coefficients k", k" and k'a, a store 97 for the 
quantity x'; a control unit 98 which produces a signal 
representing the phase-shift k" + Kx'; a unit 99 
generating local signals of the same audio frequency as 
the signals produced by 90; and a unit 100 for produc 
ing the above cited quantities. 
The difference detector 93 comprises, in fact, two 

phase comparators 101, 102 similar to the one 
described in FIG. 6, the unit 103 which receives the dif 
ferences detected by the comparators 101 and 102 and 
combines them, for example by processing each of 
them through a device such as the device 6 of FIG. 4, 
and by connecting in parallel, two by two, the outputs 
of said two devices in the requisite position to obtain 
the sum or difference of the relevant differences, and a 
selector device 104 which receives one of these com 
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28 
binations and directs it towards the points of applica 
tion corresponding to the pair of processed signals. 
The local signal generator unit 99 comprises two 

counters 105,106 supplied with a fixed frequency from 
a source 107, and also contains a device 108 which, at 
the commencement of each sequence, influences the 
counter 106, for example resets it to zero, so that the 
phase difference between the local signals produced by 
the counters 105 and 106, is equal to the function b = 
k' Kx' previously produced by the control device 98 
and corresponding to the pair of signals processed dur 
ing the sequence in question. 
The device 108 can be made to operate by the fol 

lowing means: 
The device comprises a counter supplied with a fixed 

frequency across switching elements, the value of this 
frequency being such that the output frequency from 
the counter is advantageously equal to that of the out 
put signal from the device 98 and of the frequency of 
the local signals produced by 99. 

During a first time, the counter is supplied normally 
and its output is brought into phase with the output 
signal from 98, for example by resetting the counter to 
0 when said output signal exhibits a decaying front; 

During a second time, the supply to the counter is in 
terrupted at the time that the signal produced by the 
timebase, which signal has the same frequency as the 
output signal from 98 (thus defining the origin where 
the determination of b is concerned), exhibits a decay 
ing front, 

In a third time, the normal supply to the counter is 
re-established at the instant that the output signal from 
the counter 62 exhibits a rise in front; 

In a fourth time, a decaying front in the output signal 
from the counter 108 is used to reset the counter 106 to 
0. 

Advantageously, the receiver will comprise a 
velocity store 109 identical to the device 12 of FIG. 3, 
which is supplied with the differences lip produced by 
103 and controlling a continuous variation in the con 
tent x' of the store 97. 

It will be assumed that the transmission is such that 
the following three pairs of audio frequency signals are 
received successively in the order listed: 

First pair 

lst audio frequency reference signal ) 
) 

1st audio frequency position-finding ) phase-shift: 
signal ) k - Kr 

) 
(K, corresponding to F =300 kHz ) 

2nd pair 
2nd audio frequency reference signal 

) phase-shift: 
2nd audio frequency position-finding ) k+ Kx 

) 
(K. corresponding to F = 310 kHz ) 

3rd pair 
3rd audio frequency reference signal ) 

) phase-shift: 
3rd audio frequency position-finding ) 
signal ) ks -- Ksx 

) 
) (Ks corresponding to F = 350 kHz 

Just prior to the commencement of the sequence 
devoted to the reception of the first pair of signals, the 
control device 98 produces from the values k' and x' 
stored in 94 and 97, a signal representing the phase 
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shift b = k" + Kx' which it applies to an input of the 
device 108. At the commencement of the sequence, 
this device influences the counter 106, for example in 
the manner just described, so that the phase-shift 
between the local signals produced by the counters 105 
and 106, is given by b = k" + Kx'. The two local 
signals are each applied to an input of the comparators 
101 and 102 and are there compared with the audio 
frequency position-finding signals of the first pair. Each 
comparator 101 and 102 produces an difference. The 
two differences are subtracted in 103 and the dif 
ference lip is applied to the selector device 104 which 
directs it to the store 94 in order to modify the value of 
the coefficient k" stored there, so that during the later 
sequence the phase-shift b = k" + Kx' produced on 
the basis of the modified k" value is more or less fully 
identical to the phase-shift between the two audio 
frequency position-finding and reference signals of the 
first pair (at least 100 percent correction), and this 
until such time as the condition is 0 is achieved. 
When b = 0, the difference detected by the com 

parators 101 and 102 are not necessarily 0; the condi 
tion bo 0 simply means that they are equal. 
Preferably, in order to operate the phase comparators 
101 and 102 in their linear ranges (corresponding to in 
tervals extending between - 7:12 and + nr/2), the two 
local signals will be staggered simultaneously by the 
same value by allowing the sum is to influence the 
source 107 through the link 110 in order to instantane 
ously modify the input frequency to the counters 105 
and 106 and thus modify the phase of the local signals 
in the desired position in order to cancel out the mean 
of the intervals detected by the comparators 101 and 
102. In practice, the source 107 may, for example, be 
constituted by a fixed frequency derived from the 
timebase and feeding the counters 105 and 106 
through a +/- unit which, in addition, through the link 
110, is supplied with two pulse trains produced by the 
device 103 and constituting the tangible form of the 
quantity is. 

During the course of the ensuing sequences, the 
same procedure is adopted in respect of the signals of 
the second and third pairs. 

Finally, there are respectively stored in the stores 94, 
95, 96, the phase-shiftsk', k' and k's, e.g., : 

The symbol 6, is used to designate the difference 
between the phase-shift k" and its real value ki, and, 
when all the lip values are 0, we have: 

It will be appreciated that the quantities ki, k, and ka 
represent the value of the phase-shifts between 
predetermined signals at known locations, i.e., they are 
known and are fully defined within the relevant range 
(0, 2ar). From the transmission point of view, therefore, 
it can be arranged that k = k = k = 0, from which we 
get 
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As in the case of "single signal' reception, linear 
combinations A, with whole number coefficients of the 
quantities 6, thus of the k' quantities, are used. 
However, it should be pointed out that in the case of 

two-signal reception, the quantities k", k", k's 
representing the phase-shifts, are fully defined within 
the range (0,277) there being no unknown constant. 
The result is, therefore, that these linear combina 

tions, can sometimes be reduced to a single 8 value, 
and thus to a single k' value. 

In the same way as in the single signal case, we can 
consider two quantities: 

A = 8-8-k'-k' = (K-K) (x-x') 
giving a rough position of 

A-8-6, =k's-k',-(K-K) (x-x') 
giving a mean position of: 

As=8, or 8, or 8-k', or k', or k's 
= (K or K or Ks) (x-x') 

giving the fine position (K1, K, and Ka have virtually the 
same values). 

Finally, for "locked-on' operation and in order to in 
fluence the v value stored in the device 109, we can 
consider a more complex quantity such that 

this for the same reasons explained hereinbefore in 
relation to the "single signal' case. 
These A quantities are produced in the device 111 

which contains a plurality of systems identical in design 
to those of the devices 10 and 11 in FIG. 3. 

In the case where the quantity A is reduced to a sin 
gle k' value, the second input of the bistable trigger 
stage used in the embodiment hereinbefore described 
for the production of the A value, is supplied with a 
fixed frequency having the same value as the frequency 
of the output signal from the store k", said fixed 
frequency being derived from the timebase. 
The corrections which result from the processing of 

the A quantities are mixed in suitable proportions and 
supplied to their different points of application by the 
device 112. 
As in the 'single signal' case, these A quantities are 

successively employed in each case to simultaneously 
correct all the k' values stored, as well as the quantity 
x', so that the value of the phase-shifts b= k" + Kx is 
not modified. 
The mode of operation of the receiver in FIG. 7 is 

functionally the same as that of the monosignal 
receiver described in FIG. 3. 

Finally, the value of the unknown x is read at 113 
when x' has been rendered equal to x. 
As far as the characteristics of the transmission side 

of the system are concerned, the same can be said as 
has already been said in respect of the single signal 
situation. 

It will be observed that in the case of the method of 
transmission described in relation to FIG. 2, there is 
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necessarily a different reference signal for each pair of 
signals considered. 
However, a method of transmission not involving the 

production of a reference signal, is conceivable, the 
value of the audio frequency f, common to the various 
position-finding signals being determined by the beat 
frequency between the two HF signals of a doublet. 

In this case, in all instances it is one HF signal of each 
of the other doublets which is influenced in order to 
maintain the different audio frequency signals 
produced by the doublets in phase at the known loca 
tion. However, the valuef, lacks the stability obtained 
with the method of transmission used in FIG. 2, and it 
therefore becomes necessary to provide an arrange 
ment such as that of FIG. 16 for the receiving end of 
the system, that is to say it is necessary to process the 
signals in pairs, but one and the same signal can be a 
participant in several pairs involved in the production 
of the same family of hyperbolae, this in the wider 
meaning of the term. 

Instead of storing the coefficients k", the phases e' 
can be stored by modifying the diagram of FIG. 16 in a 
similar fashion to that in which FIG. 3 was modified in 
order to arrive at the variant embodiment of FIG. 14. 

In the several variant embodiments of the illustrated 
receiver, the velocity information v has been obtained 
from the intervals and thus from positional measure 
ments. This creates difficulties where the velocity 
setting at the receiver and the response to accelerations 
on the part of the vehicle, are concerned. 

In FIG. 17, a preferential method of obtaining the 
velocity information has been illustrated, the receiver 
proper being that shown in FIG. 3. This variant em 
bodiment can of course be employed in the various 
proposed embodiments of the receiver. 
The device for producing the velocity information 

comprises a difference detector 114 which, at one 
input 115, is supplied with an audio frequency received 
on board the vehicle, and, at its other input 116, with a 
local signal of the same audio frequency produced by a 
high-stability crystal 17 supplying a counter-divider 
18 via a -f- unit 19. The detected difference is used 

to influence the -f- unit via the lines 20, in order to 
create a feedback loop with the counter 18. 

If the phase of the signal applied at 115 is described 
in the form e = k + Rx, then it will be seen that with dis 
placement of the vehicle, we have de/dt = K (dx/dt) = 
Kv. The result is as if the frequency fof the signal at 115 
had been modified by an amount of such that 2aröf= K 
v. Due to the provision of the feedback loop, we thus 
have e= N &f= N (K/2ar) v, where N is the division 
ratio of the counter 118. The difference h is processed 
in 14 by quantizing in the manner already described 
on several occasions earlier in this discussion. The 
quantised signal is divided in different ratios in order to 
produce the correcting signal for the unit 119 (line 
A20) and to obtain the velocity signal v for influencing 
the quantity x' via the link 12. 
The reading out of the quantity x' representing the 

position of the vehicle will preferably be effected with 
the help of the read-out device illustrated in FIG. 18. 
As defined, the quantity x' is manifested in terms of the 
difference between the counts of two counters, that is 
to say for example by the time interval separating a ris 
ing front in the signal produced by one counter from 
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32 
the following rising front in the signal produced by the 
other counter. 
The read-out device comprises a counter 144 per 

manently supplied with a clock signal from a crystal 
control device 143, a sampling arrangement 122 and a 
decoding and read-out system 123. 

In order to read out the value x', first of all the 
counter 144 is zeroed by a reset to 0 signal, and it then 
counts until sampled by a sampling signal which causes 
its content to be transferred to the sampling arrange 
ment 122, so that the time interval separating the 
resetting and the sampling is equivalent to the dif 
ference in count which represents the value x'. 
The pieces of information defining resetting to 0 and 

sampling, will for example be those carried by the 
signals produced by the counters which define the dif. 
ference in count. 
The resetting signals and sampling signals are con 

stituted by rectangular waveform signal envelopes of 
predetermined duration and sign. 
These signals are produced from the two signals 

emanating from the two counters which do duty as 
store for the x' values; hereinafter, the term "first 
stored signal' will be used to define the signal from 
which the 0 reset signal is derived, and "second stored 
signal' to define the signal from which the sampling 
signal is derived. It will be assumed that the information 
carried by the first and second stored signals is con 
stituted by the rising front or flank of a rectangular 
waveform signal envelope. 

In accordance with an embodiment of the invention, 
the sampling signal ("--' envelope or peak) is 
produced in such fashion that sampling commences at 
an instant at which the trigger stages of the counter 144 
are in a stable condition, and not at an instant at which 
they are transferring from one state to the other. To 
this end, a device 124 (FIG. 19) is provided which “sets 
the time' of the second stored signal, i.e., this is a 
device which, from the second stored signal, produces 
a similar signal the rising front of which is located at a 
precise position in relation to the clock signal. The 
device 124 chiefly comprises a JK trigger stage 125; the 
signal 128 which is to be synchronized, is applied at 
127 to the input RAU (or S). of the trigger stage, whilst 
the clock signal 126 is applied at the input C of the 
same stage. The output Q of the trigger stage is con 
nected to the input J. The result is that there appears at 
the output Q a time-setting signal 129 the rising front of 
which coincides substantially with the decaying front of 
the clock signal which immediately follows the rising 
front of the signal which is to be timed. The time 
setting signals appearing at the inputs Q and Q are sub 
sequently processed in a shaper device 130 which con 
tains two channels for the complementary signals from 
the outputs Q and Q, each channel containing a capaci 
tor C and C. in order to delay the signals Q and Qin 
verted by the elements 131 and 132. These delayed 
signals are subsequently applied, after fresh inversion 
in the elements 133 and 134, to a NOT-AND logic gate 
135 which produces in respect of each rising front of 
the Q signal, a peak 137 of predetermined length the 
start of which has a certain delay in relation to a decay 
ing front in the clock signal. The length of this peak or 
rectangular waveform signal envelope, is arranged so 
that it can occur between two pieces of clock informa 
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tion. The delay in this peak in relation to the decaying 
front of the clock signal should enable said decaying 
front to influence the counter arrangement 144 prior to 
the arrival of the sampling peak. The arrangement 124 
and 130 is represented by the reference 145 in FIG. 18. 

It may be worthwhile also to adjust the time of the 
first stored signal, from which the 0 reset peak is 
produced. This time-setting function is achieved by a 
JK trigger stage 141 of the device 138, in the same way 
as for the sampling function, the first stored signal 
being fed in at 139. The thus timed signal is processed 
in the shaper device 140 in order to produce a “0” 
peak of sufficient duration (determined by the capaci 
tor C) so that resetting of the counter 120 is ensured, 
the end (rising front) of said peak arriving before the 
next piece of clock information, however. 
The arrangement 138 and 140 is illustrated by the 

reference A42 in FIG. 18. 
The result of the timing of the resetting and sampling 

signals in this way, is that the value x' which is read out 
represents the true value x' stored--|- 1 unit. 
We claim: 
1. A radio position-finding method of the kind in 

which the position of a vehicle is determined by the in 
tersection between a radio position-finding hyperbola 
of one family, with a radio position- finding hyperbola 
of another, wherein there are received in respect of 
each family of hyperbolae, at least three audio frequen 
cy direction-finding signals of different sensitivity fac 
tors, the phases of which are represented by the expres 
sions k + Kx, K, being a coefficient representing the 
phase at a known location, K being the signal sensitivi 
ty factor and x the quantity which is to be determined 
and representing the hyperbola upon which the vehicle 
is located; wherein a quantity x' is stored which 
represents an estimate of x, wherein local signals are 
generated for each radio position finding signal, and 
having the same frequency and phase, respectively, and 
wherein, by means of each local signal, a value k" of 
the coefficient representing the phase at the location is 
determined by assuming that x' represents the true 
position of the vehicle, the difference between the 
known real coefficient k and the coefficient k' actually 
determined, representing, with the exception of an 
unknown constant, the error x - x' committed in the 
estimate of the position of the vehicle, at least two A 
signals being produced which represent linear com 
binations of the differences k - k", and a correction to 
the quantityx' being made in such a sense as to succes 
sively cancel out the A values so that the value x' tends 
towards the real value x representing the position of the 
vehicle. 

2. A method as claimed in claim 1, wherein in order 
to determine the value k" of the coefficient represent 
ing the phase at the known location, and assuming that 
x' represents the real position of the vehicle, an arbitra 
ry value of k", is stored; wherein there is produced from 
k' and x' the local signal which has the phase k" + Kx'; 
wherein this phase is compared with that of the cor 
responding position-finding signal; and wherein the k" 
value is corrected until the position-finding signal and 
the local signal have the same phase, the k" and 
wherein, finally, the correction of x' is accompanied by 
correction of the coefficients k" in such a manner as to 
maintain the phases of the local signals constant. 
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3. A method as claimed in claim 1, characterized in 

that in order to determine the value k' of the coeffi 
cient representing the phase at the known location, as 
suming that x' represents the true position of the vehi 
cle the phase of the local signal is fed into the store by 
feeding back the corresponding position-finding signal 
and the coefficient k'is produced on the basis of x' and 
of the phase of the local signal. 

4. A radio position-finding method of the kind in 
which the position of a vehicle is determined by the in 
tersection between a radio position-finding hyperbola 
of one family with a radio position-finding hyperbola of 
another, wherein there are received in respect of each 
family of hyperbolae, at least two pairs of audio 
frequency position-finding signals of different sensitivi 
ty factors, the phase-shift between the two signals of 
each pair being represented by the expressions k + K. 
x, k being the coefficient representing the phase-shift 
at a known location, K the sensitivity factor of the pair 
of signals and x the quantity to be determined and 
representing the hyperbola upon which the vehicle is 
located; wherein a quantity x' which constitutes an esti 
mate of x, is stored; wherein, in respect of each pair of 
position-finding signals two signals of the same 
frequency are produced; wherein, through the agency 
of the local signals, the value k" of the coefficient 
representing the phase-shift at the location is deter 
mined by assuming that x' represents the real position 
of the vehicle, the difference between the known real 
coefficient k and the coefficient k' which has been 
determined, representing, with the exception of an 
unknown constant, the error r - x' committed in the 
estimation of the position of the vehicle; and wherein 
there are produced at least two signals representing 
linear combinations of the differences k - k", a cor 
rection to the quantity x' being effected in such fashion 
as to successively cancel out the A values with the 
result that the value x' tends towards the real value x 
representing the position of the vehicle. 

5. A method as claimed in claim 4, wherein in order 
to determine the k" value of the coefficient represent 
ing the phase shift at a known location and assuming 
that x' represents the real position of the vehicle; an ar 
bitrary value of k' is stored; wherein there is produced 
from the k" and the x' values, the pair of local signals 
which exhibit the phase shift k" + Kx'; wherein this 
phase-shift is compared with that between the cor 
responding pair of position-finding signals; wherein the 
k' value is corrected until the phase-shift between the 
pair of position-finding signals and that between the 
pair of local signals are equal, the value k" being deter 
mined; and wherein the correction of ther' value is ac 
companied by a correction of the coefficients k" in 
such a manner as to maintain the phase-shifts between 
the pair of local signals constant. 

6. A method as claimed in claim 4, wherein in order 
to determine the k" value of the coefficient, which 
represents the phase-shift at a known location and as 
suming that x' represents the real position of the vehi 
cle, the feedback of a pair of corresponding position 
finding signals is used to store the phase-shift between 
the pair of local signals and the coefficient k' is 
produced on the basis of x' and of the phase shift 
between the pair of local signals. 
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7. A method as claimed in claim 3, wherein a signal 
representative of the velocity of the vehicle is 
produced; and wherein this signal is used to continu 
ously correct the x' value and the value of the phases of 
the local signals. 

8. A method as claimed in claim 6, wherein a signal 
representative of the velocity of the vehicle is 
produced; and wherein this signal is used to continu 
ously correct the value x' and the value of the phase 
shifts between the pairs of local signals. 

9. A method as claimed in claim 1, wherein at least 
one-position-finding signal is received and successively 
processed. 

0. A method as claimed in claim 2, wherein the 
signal representative of the velocity of the vehicle is 
produced; and wherein this signal is used to continu 
ously correct the x' value. 

li. A radio position-finding apparatus designed for 
installation on board a vehicle in order to enable the 
latter's position to be detected by implementation of 
the method claimed in claim 2, wherein a store for each 
of the k" coefficients is provided; a memory is provided 
to record x'; a control device is provided in order to 
produce the local signals from k" and x'; at least one 
phase detector is provided to compare the local signal 
and the corresponding position-finding signal; and 
means are provided in order to produce A from the 
phase coefficients k' and means for correcting the con 
tent of the storex'. 

2. A radio position-finding apparatus designed for 
installation on board a vehicle to enable the latter's 
position to be detected by implementation of the 
method claimed in claim 3, wherein said device com 
prises a store for each phase d', a store for x'; a control 
device for producing the coefficients k" from the 
phases d' and the quantity x'; at least one phase detec 
tor for comparing the phases of the audio frequency 
position-finding and local signals and producing the de 
tected difference between said phases in order to cor 
rect the contents of the b' stores, means for producing 
A from the phase coefficients k", and means for cor 
recting the content of the store x'. 

13. A radio position-finding apparatus designed for 
installation on board a vehicle in order to enable thelat 
ter's position to be detected by the implementation of 
the method claimed in claim 2, wherein said device 
comprises a store for each coefficient k'; a store for x'; 
a control device for producing the pairs of local signals 
from the ik" and ix" values; at least two phase detec 
tors for comparing the phase shift between the pairs of 
local signals and a phase-shift between the pair of posi 
tion-finding signals, and for producing the detected in 
tervals between said phase-shifts in order to be able to 
correct the contents of the k" stores; means for produc 
ing A from the k" coefficients; and means for correct 
ing the content of the x' store. 

4. A radio position-finding apparatus designed for 
installation on board a vehicle in order to enable the 
latter's position to be detected by the implementation 
of the method claimed in claim 6, wherein said device 
comprises a store for each phase-shift d'; a store for x'; 
a control device for producing the coefficients k' from 
the phase-shifts d' and the quantity x'; at least two 
phase detectors for comparing the phase-shift between 
the pair of local signals and the phase-shift between the 
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pair of position-finding signals; and for furnishing the 
detected differences between said phase-shifts in order 
to be able to correct the contents of the stores in which 
said phase-shifts are stored; means for producing A 
from the coefficients k'; and means for correcting the 
content of the storex'. 

15. A radio position finding apparatus for use on 
board a vehicle in order to enable the latter's position 
to be determined by the intersection between a radio 
position finding hyperbola of one family with a radio 
position finding hyperbola of another family, said 
hyperbola being derived from audio frequency 
direction finding signals, the phases of which are 
represented by the expression b = k + Kx, K, coeffi 
cient being known, the said apparatus comprising: 
a store for an estimate value x' of x, 
a store for a plurality of local position finding quanti 

ty corresponding to the said estimate value, 
a control device for deriving a plurality of local posi 

tion finding signals from said estimate value and 
the said position finding quantities, 

phase detector means for comparing the phases of 
the received audio frequency position finding 
signals and of the said local position finding signals 
and producing the detected difference between 
said phases in order to correct the contents of the 
said local position finding quantity stores, 

means for producing A from the k" coefficients, and 
means for correcting the content of thes' stores. 
16. An apparatus as claimed in claim 15, wherein the 

phase detector comprises a phase comparator and 
means for furnishing the detected phase difference in 
the form of information. 

17. An apparatus as claimed in claim 16, wherein the 
phase comparator is a logic unit which carries out the 
operation 'OR-EXCLUSIVE' in order to produce a 
rectangular waveform signal the relative width of the 
rectangular envelopes of which is representative of the 
phase interval detected between a local signal and a 
position-finding signal. 

18. An apparatus as claimed in claim 17, wherein the 
rectangular waveform output signal from the “OR-EX 
CLUSIVE' unit is processed through two different 
channels, a first channel producing a first output signal 
and a second a second output signal, the first channel 
comprising, in series, a first NOT-AND gate and two in 
puts, and an inverter element, the NOT-AND gate 
being supplied at its input with the rectangular 
waveform signal having a frequency twice that of the 
local signal, the second channel comprising, in series, 
an inverter element, and a second NOT-AND gate with 
two inputs to which latter there are applied the output 
signal from the inverter element and the signal which is 
complementary to the signal having twice the frequen 
cy of the local signal and applied to the first NOT-AND 
gate, said second channel also containing another in 
verter element so that one of the output signals is zero 
while the other represents in terms of its mean value 
the detected phase-difference, this with the exception 
of a 0 phase-difference in which case the two output 
signals are 0, said two output signals being applied to 
appropriate means in order to produce said phase dif 
ference in concrete form. 

9. An apparatus as claimed in claim 15, wherein the 
means for producing signals from the k" coefficients, 
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comprise at least one phase detector for comparing the 
phases of two signals the phase difference between 
which represents the quantity A, and means for produc 
ing the detected phase difference in concrete form, the 
phase detector being constituted by two JK trigger 
stages respectively producing a first and a second out 
put signal, the signals to be compared being each ap 
plied to the clock input of one trigger stage and to the 
reset input of the other, so that one output signal is zero 
when the other represents the detected interval in 
terms of the relative width of its rectangular waveform 
envelopes, this except in the case of a zero difference 
where the two output signals are zero, said two output 
signals being applied to means which produce the de 
tected phase difference in concrete form. 

20. An apparatus as claimed in claim 15, wherein the 
means for producing Afrom the k" coefficients, com 
prise at least one phase detector for comparing the 
phases of two signals the phase difference between 
which represents the quantity A, and means for produc 
ing the detected phase difference in concrete form, the 
phase detector comprising two JK trigger stages to the 
clock inputs of which the two signals to be compared 
are applied, and two pairs of NOT-AND gates, the out 
put of one pair of gates being common and producing 
one of the two output signals, each output signal being 
applied to the two inputs J and K of the corresponding 
trigger stage, and the two similar polarity signals from 
the two trigger stages being applied to the two inputs of 
one gate of the two pairs of gates, in such fashion that 
the two output signals are complementary, the relative 
widths of the rectangular waveform envelopes or peaks 
of each being representative of the phase difference 
and these two output signals being applied to means 
which produce the phase difference in concrete form. 

21. An apparatus as claimed in claim 16, wherein the 
means for producing the phase difference in concrete 
form comprises two parallel channels for processing 
the two output signals, each channel comprising means 
for quantizing the applied output signal, by chopping 
with the help of information signals, the difference in 
the numbers of pieces of information in the two chan 
nels then defining the detected phase difference. 

22. An apparatus as claimed in claim 9, wherein the 
means for producing the phase difference in concrete 
form, comprise a channel for processing one of the out 
put signals, which channel comprises means for quan 
tizing said output signal by chopping with the help of 
information signals, and another channel which 
produces pieces of information at a fixed frequency 
such that the difference in the numbers of pieces of in 
formation in each channel is representative of the de 
tected phase difference. 

23. An apparatus as claimed in claim 21, wherein the 
pieces of information are constituted by pulses. 

24. An apparatus as claimed in claim 21, wherein the 
pieces of information are constituted by the changes in 
state in a periodic rectangular waveform signal. 

25. An apparatus as claimed in claim 15, wherein the 
means for correcting the contest of the stores supplied 
with a clock signal, are constituted by devices (l- 
units) which are supplied on the one hand with the 
clock signal and on the other with two information-car 
rying correcting signals (the balance of the information 
represents the correction to be effected), said signals 
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being applied to two separate inputs one (-) receiving 
the (correcting signal carrying the information which 
is to be subtracted from that carried by the clock signal, 
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and the other (+) receiving a (+) correcting signal car 
rying the information which is to be added to that car 
ried by the clock signal, the device comprising two 
channels for the transmission of the clock signal to the 
associated store, one channel normally being open and 
one normally being closed and both terminating in an 
adding device which produces the corrected clock 
signal, means being provided to ensure that the nor 
mally open channel is temporarily closed by a piece of 
correcting information of given sign, in order to inhibit 
a piece of information carried by the clock signal, and 
in order that the normally closed channel shall be tem 
porarily opened by a piece of correcting information of 
the opposite sign in order to allow a piece of informa 
tion carried by the clock signal, to pass. 

26. An apparatus as claimed in claim 25, wherein 
means are provided in order to open and close one 
channel transmitting the clock information, said means 
comprising a JK trigger stage inserted in one channel 
and the pieces of clock information being applied to its 
clock input, and comprising also a device for con 
trolling said trigger stage which itself consists of two JK 
trigger stages supplied at their set inputs S, with cor 
recting information of a predetermined sign, one of the 
trigger stages being supplied at its input with the clock 
signal and producing at its output a signal which blocks 
or opens the triggers stage which is in series with a 
channel through which the clock information passes. 

27. An apparatus as claimed in claim 15, wherein the 
means employed to correct the content of the stores 
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supplied with a clock signal, are constituted by devices 
(+/-unit) which receive a signal carrying (-) informa 
tion for addition to the clock information, and a signal 
carrying (-) information for subtraction from the clock 
information, each device comprising an adding ar 
rangement which furnishes the sum of the (+) pieces of 
information and the pieces of clock information in 
order to create a partially corrected clock signal, a tape 
receiving said partially corrected clock signal and con 
trolled by a control device which is subject to the effect 
of the (-) pieces of information, which device closes 
the trigger stage on the appearance of a (-) piece of in 
formation in order to inhibit the passage of a partially 
corrected piece of information carried by the clock 
signal, with the result that the trigger stage supplies the 
store a fully corrected signal. 

28. An apparatus as claimed in claim 15, wherein the 
control device comprises a counter-divider producing a 
local signal at its output, and switching means for first 
of all bringing the local signal into phase with the out 
put signal from the corresponding k" counter in order 
subsequently to inhibit the supply to the control 
counter during a whole number of cycles of the local 
signal, and in order, during this inhibit period, to supply 
the counter with a fixed frequency proportional to the 
sensitivity factor of the signal in question for a time in 
terval equivalent to the stagger between the x' counter 
and the timebase. 

29. An apparatus as claimed in claim 15, wherein 
said apparatus comprises means for producing a signal 
representative of the velocity of the vehicle, said signal 
being designed for use in the continuous correction of 
the recorded x' value. 



3,689,926 
39 

30. An apparatus as claimed in claim 29, wherein the 
signal representative of the velocity is derived from the 
phase differences between the local signals and the 
position finding signals. 

31. An apparatus as claimed in claim 29, wherein the 
means furnishing the signal which is representative of 
the velocity of the vehicle comprise, in series, a +/- 
unit supplied with a clock signal, this unit in turn sup 
plying a counter-divider which produces an output 
signal, and a phase detector which detects the phase 
difference between the putput signal and a position 
finding signal, the phase difference being used on the 
one hand to correct the phase of the output signal by 
influencing the +/- unit, and on the other hand as a 
signal which is representative of the velocity of the 
vehicle. 

32. An apparatus as claimed in claim 15, wherein 
said apparatus comprises a read-out device in order to 
read out the x' value recorded in terms of the dif 
ference in the counts of two counters which produce a 
one) and a second output signal, the device comprising 
a counter supplied with a clock signal, a sampling ar 
rangement and a decoding and readout arrangement, 
the first signal serving to reset the counter to zero and 
the second to control the sampling function. 

33. An apparatus as claimed in claim 32, wherein the 
readout device comprises an arrangement for produc 
ing the sampling control signal from the second signal 
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by adjusting the timing of the second signal and shaping 
the time-setting signal. 

34. An apparatus as claimed in claim 33, wherein the 
readout device comprises an arrangement for produc 
ing a signal which resets the sampling function to 0, this 
signal being derived from the first signal by the retiming 
of said first signal and the shaping of the time-setting 
signal. 

35. An apparatus as claimed in claim 33, wherein the 
retiming is effected by means of a JK trigger stage to 
the C input (clock) of which the clock signal is applied, 
and to the S input (reset to oue) of which, the signal 
which is to be retimed is applied, an output Q being 
connected to the input J and the said output Q furnish 
ing the retimed signal. 

36. A method as claimed in claim 4, wherein at least 
one position-finding signal is received and successively 
processed. 

37. A method as claimed in claim 5, wherein the 
signal representative of the velocity of the vehicle is 
produced; and wherein this signal is used to continu 
ously correct the x' value. 

38. An apparatus as claimed in claim 22, wherein the 
pieces of information are constituted by pulses. 

39. An apparatus as claimed in claim 22, wherein the 
pieces of information are constituted by the changes in 
state in a periodic rectangular waveform signal. 
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