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sources and for determining the   signals received to baseband signals by
the use of phase difference or time delay between the respec-  local
oscillators which are  phase-locked to local tive transmitted signals
received at both receiving  frequency standards or reference oscillators
and stations and hence the change in phase difference   the baseband signal
from  one of the receiving or time delay of the signals, in order to
determine    5   stations is transmitted to the other. In this case it is
the change in position or position of the roving     an advantage if the
system includes an additional object-
transmission source for measuring the drift of the When phase differences
are  measured the po-     reference oscillators or frequency standards, but
an sition of the roving object Is not  determined     alternative is to
lock the reference oscillators to one absolutely", but only relative to a
known starting   10  another'using the transmission link between the
position. Furthermore, the phases must be mon-      two receiving stations.
itored continuously so that they  may be tracked       The system may also
Include the transmission through ambiguous cycles of  [err] Each error of
sources themselves, but since there does not need one cycle introduces an
error in position at least as  to be any specific phase relationship
between large  as  one wavelength. A particular advantage of  15  them, the
sources used by the system may be any the system described is that the
transmitters used   existing radio transmitters. may have any spectral
characteristics provided that      The system of the invention differs from
con- the signals are continuous  (In the sense that there  ventional
systems such as those described above are -no long gaps - pulsed
transmissions are al-   in the opening paragraphs in that (i) a single
trans- lowed if the repetition rate is high enough). Con-   20   mitter or
transmitters are used rather than pairs of tinuous wave unmodulated
transmissions will there-  transmitters, (ii) the signals are received at
two fore suffice. In principle, two transmitters are need-  points rather
than one, (iii) the signals received at ed  for navigation and tracking
over a plane, but in  one point are relayed to the other and compared
practice three are required since the unknown and    there to determine
their phase or time delay dif- variable  offset between the reference
oscillators at  25  ference, (iv) almost any radio transmitters may be the
receiving stations must also be measured.    used for this purpose provided
that their positions When the signals from the transmitters are     are
known. modulated, the spread of frequencies within the         Time delay
measurements, for example, may bandwidth of the modulation enables timing
delays    use amplitude modulated signals in the long, me- between the
transmitted signals received at the two   30   dium or short wavebands
which usually occupy receiving stations to be determined and used in-
bands of about 10kHz width each, frequency mod- stead of or(in  addition to
phase difference mea-    ulated VHF broadcasts which have widths of about
surements   or 150kHz, or TV signals in the UHF band which If the system is
primarily a navigation system       occupy several MHz each. The time
delays be- the ..comparison and  position determining  . 35  tween the
arrivals of the signals at the two recelv- means will preferably be located
in the receiving    ing stations from a modulated transmitter may be
station on the roving object, but if it is located at  measured with an
accuracy which is inversely re- the ....base. station then  the position
of  the roving  lated to the bandwidth (all other things being object can
be signalled back to the roving object. If  equal). The time delays are
unambiguous quan- the system  is primarily a 8tracking system then   40
titles in the sense that there are no recurrences of signalling back the
position of the roving object to  [err]  as there are when determining
phase differ- the roving object receiving station may not be      ences and
thus the time delays measured may be required.
used to determine the position of the roving object Although the
transmission sources will prefer-   without reference to a starting
position. ably be radio sources, particularly where the sys-  45  In either
system there may be advantages in tem is to operate say for tracking
vehicles, trans-  placing the non-roving receiving station (base sta-
mission at any frequency is envisaged, using        tion) at the same
location as one of the transmit- waves of any type, such as sound signals,
which       ters. This is especially so when the system is used might be
used, for example in laboratory systems.   for navigation rather than
tracking and correlation In a land based system for determining loca-  50
and processing would preferably take place on the tion over a localised
area of the Earth's surface,   roving object, the link being provided in
the direc- two transmission sources at least will be required,  tion from
the base station to the roving object. If but  the system  may. be used to
determine the     the base station which transmits the link signals to
distance moved by an object that is constrained to  the roving object has
an omni-directional radiation move along a fixed path, in which case a
single  55   pattern then any number of separate roving objects
transmission source only may be required.            can use the same link
signals. This is equivalent to Preferably, when using measurements of phase
setting, say c = 0 in equation 1C below. differences, the two receiving
stations convert the 3    
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whether or not the base station is   Figure 5 illustrates an arrangement
for determin- at the same location as one of the transmitters, the  ing
time delays; transmissions from the transmitter may be used to     Figure 6
illustrates the use of an interpolation provide the link, by suitable
modification, for exam-  function for determining time offsets. plei in a
system in which the base station receives   5  Figures 7 and 8 illustrate,
respectively a mobile the signals from all three transmitters and mixes
receiver unit and a base station receiver unit of them to baseband and
inserts them into the modu-      a prototype; lation of the transmissions
from the transmitter at    Figure 9 illustrates a correlation/computer sys-
which it is located. It may be possible to do this  tem for analysis of the
signals received by the without interference with the normal use of the  10
roving and base station receiver units transmissions; for example, when the
transmitter is   Figures 10A and 10B illustrate, by way of flow a domestic
broadcast FM repeater, the link signals    charts, the signal processing
which takes place may be inserted between the side band signals so      in
the base station computer to determine the that normal reception of the FM
signals will not be   path of the roving receiver; and affected but the
receiver on the or each roving   is  Figure 11 shows a plot of a track of a
mobile object is able to extract the link signals from the   unit.
modulation and use them to measure the phases or       The particular
systems shown are land based time delays as previously described.
systems and rely on using transmitters A and B There may also be
advantages, in some ap-       and, optionally a third transmitter C.
plications, in using the same reference oscillator for  20  The first
example relates to a system in which the transmitter and co-located base
station. There  phase differences are used to track the position of may
also be advantages In modifying every trans-   a receiver. mitter  in the
way described in the immediately        The signals from the transmitter A
are received preceding. paragraph. In that case, every roving   at a base
station D (which is a known length [err] receiving station then has a link
built in to every  25  away from the transmitter A) and at roving point E,
transmission it receives, thus giving considerable  whose position is to be
tracked or determined (and redundancy in the system and hence increased
which is an unknown distance IAE from A). The - freedom from errors. When
the system is being      receivers convert the incoming signals, within a
used to track the position of a roving object, there  reception band of
finite bandwidth, to baseband may also be advantages in using the link
transmit-  30  (see below) and those from the roving point E are ter
itself-on the roving object as one of the three  then relayed to the base
station D by means of a triangulation transmitters. Thus, the roving object
link F. This link F might, for example, take the form receives
transmissions from two independent fixed  of a dedicated telecommunications
link, or non- transmitters, and transmits baseband representa-    dedicated
one such as a public cellular radio tele- tions of their signals over the
link. The base station   35  phone network. At the base station D, the
signals also receives signals from the two fixed transmit-  received
directly from A are compared with those ters, but additionally measures the
link signals   received at E to determine their phase difference emselves
as if they had come from the third fixed  PA. The phase difference [err]
measured in degrees, ansmitter This is equivalent to setting, say, c = r
is equal to the value: in  equation 1 C below, and is also equivalent to
40 using the link to lock the local oscillators.       [err] In. the
examples given below, conventional broadcasting VHF transmitters are used,
but natu-   where [err] is as before, [err] is the distance from A to rally
occurring transmission sources, such as radio  E, [err] is the centre
wavelength of the reception stars,  might also be used especially for space
45  band, and n is an integer. This process of deter- navigation.
mining PA is one of multiplication, averaging, and Two examples of systems
illustrating the prin-  mathematical analysis (see below). The measured
ciples of the invention and one example of a proto  phase difference may be
converted directly into a type system constructed in accordance with the
path length difference (modulo one wavelength) as inventionwill now be
described with reference to  50  the centre wavelength [err] of the
emissions received the accompanying drawings in which:-              from A
can be determined by any conventional Figure .1 shows a typical arrangement
of trans-  means. mitters and receiving points;                        Now,
because the path length difference [err] Figure 2 illustrates how the
signals received  IAE) can be determined and as [err] is known, the from
the transmitters are processed;        55  possible values of the distance
[err] can be cal- Figure 3 shows an arrangement for measuring      culated.
Thus E lies on one of a number of spheres the phase difference between the
two signals;    (on a ground based system these can be consid- Figure 4 is
a vector diagram of the system;      ered to be circles) of radius [err] 4
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received at Dand E from the      the link F using transmitter N and
receiver O and transmitter B (in a band whose centre wavelength    appear
at Q. The signals at P and Q can be is different from that of A) are
treated in the same  compared (see below) to determine their phase fashion
to determine their phase difference [err] and  difference. This will
reflect the movement of E this defines a second set. of circles of radius
[err]   5   described above. [err] centred on B on one of which E must
The signals received from B are treated In the also lie. m  is an integer
and [err] is the centre      same manner using a different set of mixers
and wavelength  of the transmission received from B.   local oscillators
(not shown). The location of E is then one of the points of          There
is one combination of mixer and local Intersection  of two  circles, one
centred on A and   10  oscillator for each transmitter to be monitored. All
one on B.                                            the local oscillators
at each station are phase- In order to determine the position of E unique-
locked to common reference oscillators W and X. - ly the tracking or
navigation process begins by      However, as technology has not yet
advanced suf- calibration.. The rover E must know his initial posi-
ficiently far for the construction of reference oscilla- tion with respect
to the base station D since the  15  tors W and X of sufficiently high
stability, any drift procedure outlined above produces an ambiguous      in
either or both of the their frequencies results in a result both  because
(i) there are two points of    corresponding change in the calculated phase
dif- intersection of each pair of circles, and (ii) the   ference between P
and Q. Thus It may appear that phase differences PA and [err] determine the
radii of  E is moving, when in reality it is stationary the circles modulo
one wavelength, and not unique-   20  This problem may be overcome using a
third ly  [err] and [err] may initially be any values and
transmitter C (Figure 1). Its signals are received at preferably are set to
zero by starting E at D for    D and E and are used to correct drifts in
the example. Thereafter, as the rover E, moves away      reference
oscillators W and X. In effect, the refer- from the starting position at D,
the values of PA and  ence oscillators are both locked to C. If the fre-
[err] are continuously monitored, and their values at  25   quency of C
varies, it does not matter since both any time define the current position
of E uniquely.  reference oscillators W and X are corrected by the For
example, suppose that the transmissions      same amount, their frequency
difference remaining from  Aand  B are both centred on. wavelengths  zero.
close to 3 metres. Initially . [err] and [err] are both zero..  Note that
the (changing) path of the link F does (the rover is at the base station)
and after some   30   not have a significant effect on the phase dif-
movement of E they may take the values 1620          ference as the signals
are converted to baseband and  [err]   respectively, corresponding to
differ-  (near zero frequency) before conveyance over the ences of distance
of 13.5 and -27 metres. Thus we  link. Furthermore, use of a double
sideband trans- know that E has moved from its (known) starting
mission system offers immunity to errors of this position in such a way as
to increase its distance   35  sort. from A by 13.5 metres, and to decrease
its dis-         An alternative is to lock one reference oscillator tance
from B by 27 metres. Its new position is       to the other using the
transmission link F. therefore determined.
In practice, the signals from A, B, and C are all During movement of E the
phases must be          treated in exactly the same manner to produce :
monitored sufficiently often to ensure that no   40   phases [err]  and
[err] Three non-linear equations changes of more than [err] occur between
one             involving the two unknown coordinates of E, and signal
sample and the next. If interruptions occur,  the unknown phase drift of W
relative to X, can either in the transmissions from A and B or in the
then be solved to determine the unknown quan- link F, the immediate
histories of the phases might  titles. This can appreciated from  the
following, be used to  interpolate over the interruption or an   45   which
should be read in conjunction with Figure 4. error-correcting transmission
protocol may be used      If A, B, and C are at vector positions a, b, and
to overcome the problem  if the error is in the      c relative to the base
station D and the roverTs at a transmission. link. Otherwise, each [err] of
phase   vector position r and if the three transmitting sta- introduced,
and not accounted for, results in an     tions operate at centre
wavelengths of [err]  and error in position of at least one wavelength (3
50   [err] then as [err]  and Pc are measured, r and [err] metres in this
example).                            (the varying phase difference between
the refer- The process of signal conversion to baseband     ence
oscillators W and X) can be determined from at D and E is illustrated in
Figure 2. The signals   the following equations:- received from A by the
antennas G and H are multiplied in mixers I and J with sinusoids gen-   55
[err] erated by local oscillators K and L Baseband pro- ducts are. output
at P and M. Those from the roving station are then transferred to the base
station via 5    
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If A and B are at a vector positions a and b relative to the base station D
and the rover is at where:
vector position r, then if tA and [err] are measured, r can be found from
the equations: [err] and [err]                                    [err] The
phase difference between the signals re-    [err] ceived  by D and E can be
measured using a process similar to that illustrated in Figure 3. The   10
where c represents the speed of light. signals P and Q, which may have
significant band-     In particular it should be noted that the position
widths, are multiplied in a multiplier R. This could,  of the rover can now
be determined uniquely with- for example, be a digital correlator or a
linear    out reference to a known starting position so that, multiplier.
Two products in phase quadrature are   in principle at least, the method
can be used to find output and averaged in low-pass filters S and T. It  is
the starting position for subsequent phase tracking. should be noted that,
in practice, it may be simpler  Timing delays may  be measured at any point
to produce two signals, P and P', by mixing with     in time without any
reference to any previous mea- separate oscillators in phase-quadrature
before cor-  surement and tracking is not required. relating with 0 in two
separate multipliers R and R'   Furthermore, the transmitters are likely to
have to  produce phase-quadrature products S and T.  20   a broad range of
spectral characteristics, but they We can conveniently think of these
averaged pro-    must be modulated, as continuous wave un- ducts as 'sine'
and 'cosine'. A computer U per-     modulated transmissions do not provide
time delay forms the mathematical process of taking the in-    information.
The signals do not have to be continu- verse tangent of the fraction
sine/cosine, giving the  ous, and the wider the bandwidth of the transmis-
phase difference output at V. This will always be   25  sions the more
accurately the timing delay may be returned, in the range [err] to [err]
and hence it    measured. If there is more than one independent is
necessary to sample sufficiently often to ensure   transmitter at the same
transmission site, the total that the change between successive values is
less  bandwidth occupied by the transmissions may be than [err]
used as If the signals had all come from one The example described  above
relates to the   30  source. two-dimensional case where the transmitters,
base     In the method of measuring time delays de- station, and rover all
lie roughly in one plane (eg.  scribed further below, the maximum bandwidth
is the Earth's surface over sufficiently small ranges).  used to obtain the
highest accuracy. - With perfect reference oscillators, two transmitters
In practice, two transmitters are needed for would suffice to determine the
position of the rover  35  navigation and tracking over a plane as
previously with respect to its starting point; in practice, three
described, the offset between the oscillators at the are needed as
explained above. Greater accuracy    two receiving stations being of almost
no con- [err] freedom from interruptions may be achieved      sequence.
However, if three stations are being by using more than this number. The
same tech-       monitored for phase tracking purposes for greater nique
may be applied to the three dimensional  40  accuracy, then the accuracy of
the position deter- case (eg. navigation in space) when a theoretical
mined from timing delays alone can be improved minimum of three
transmitters, but four in practice,  by averaging. The accuracy with which
a position must be used.                                     may be
determined in practice using time delays The second example relates to a
system that     will be inferior to that determined by phase tracking uses
time delay measurements to track position of  45  by at least one order of
magnitude. a receiver.                                            Referring
now to Figure 5, the baseband sig- If the timing delay between the signals
re-     nals P, P' and Q are extracted as described in the ceived at the
base station D directly from transmit-  first example (Figure 2 - It should
be noted that in ter A and via the roving station E is determined as
practice P as previously referred to comprises two tA and if the delay
between signals received at  50  signals [now P and P'] which have been
mixed by base station D directly from transmitter B and via  separate
oscillators in phase quadrature) and are the roving station E is [err] then
two non-linear equa-  digitized in one bit digitizers a, b and b' and the
tions can be solved once these quantities have      outputs of the
digitizers are digital representations been measured, to determine the
unknown coordi-     of the analog input signals. The sampling interval
nates of the roving station E. This can be appre-  55  for digitization
should be less than half the inverse ciated from the following which should
be read in   of the bandwidth BW of the radio signals, i.e. [err] <
conjunction with Figure 4.                          [err] (the Nyquist
criterion) in order that mini- mal information is lost in the sampling
process.    11                 EP0 303 371 B1                     12 The
bit streams from a, b and b' are delayed in     master oscillator outputs a
10 MHz signal and the 



shift registers c, d and d' respectively. The register  phase-locked local
oscillator has an output fre- c has parallel outputs e each corresponding
to a   quency of 6.275 MHz. The receivers output signals delayofone unitof
[err] Theshift registers d and d'    at an intermediate frequency, in this
case 10.7 each have one output corresponding to half the   5   MHz, to a
3-way combiner 106, and the combined maximum delay from c so that the
outputs from d    signal, is mixed to baseband in a mixer 107 using a and
d' correspond in time with the output from e    second local oscillator
105' at 10.7015 MHz which which is half way along the register c, assuming
is also phase locked to the master reference os- there is no further delay
between the signals. Each  cillator 104. The baseband signal, which has an
of the outputs e is correlated (exclusive-OR oper-  to  approximate band
width of 10 KHz,is passed to a ations) with the streams from d and d', two
such   link transmitter 108 which thus transmits a signal correlations
being shown by f and f. The correlator  containing representations of the
three received X has two outputs corresponding to correlations in  signals,
via a link transmitter antenna 109, to the phase-quadrature. These are.
integrated in the low-  base station 2 (see Figure 8), where analysis takes
pass digital filters g and h and. the results passed   15  place. to a
computer U.                                       The base station  has a
receiver unit 200 (see The computer U receives  parallel correlations,
Figure 8) which in most respects is identical with as above, corresponding
to steps in the delay      the mobile unit, reference numerals increased by
between the two signals in units of [err] A plot of the  100 being used for
like components. However, the amplitude of the cross-correlation function
verses   20  receiver unit 200 has plural mixers [err] time delay might be
as shown for example In         207c so that the baseband products from the
three Figure 6. The large dots represent the numbers     receivers are kept
separate. Additionally, the mas- suppliedto the computer and It can be seen
clearly  ter reference oscillator is offset from that of the that the
correlation is largest where the total time  mobile unit receiver so that
the baseband signals offset between the data streams is zero. In Figure 6
26  [err]   rotate with respect the baseband signal this corresponds to a
time delay of [err] + T.       [err] from the mobile unit by about 100Hz
when the It is  unlikely that any of the discrete steps in  mobile unit is
stationary. delay which are actually measured will lie exactly     The base
station 2 also includes a link antenna on top of the required delay.
Instead, the computer  209 via which the signal from the mobile unit 1 is
must fit an interpolation function (curve shown in  30  received in a
receiver 210. A phase corrector 211 Figure 6) to the measured points to
determine the  removes the differential phase shifts inherently in-
additional offset T. The accuracy with which the   troduced by the link
transmitter and receiver cir- peak of the interpolation function can be
found   cults and outputs the baseband signal [err] The link limits the
accuracy of the method. The. interpolation  transmitter and  receiver can
be one of many types, function may be calculated, or measured from the  35
but preferably transmit and receive in the VHF received signals.
band for example. The phase corrector 211 is of Figures 7 to 10 illustrates
various components  appropriate type to correct for the type of phase and
features of a prototype system  comprising a    response of the transmitter
and receiver circuits mobile unit 1 and a base station 2.
For example, if the phase response were like that Figure 7 shows a roving
or mobile unit receiver  40  of an R-C lag then the phase corrector would
have 100, which has a receiving antenna 101 which       and R-C lead
configuration. In practice more com- receives signals from three FM
transmitters (A B,C  plex phase responses are present, but can be say - see
Figure 1). A three-way splitter 102 sup-  corrected by conventional phase
corrector circuits. plies the signals from the antenna to three substan-
To process the baseband signals the base tially identical receivers [err]
each of  46  station 2 has a correlator section 220 (see Figure which is
tuned to receive the signals of one of the  9) for correlating the baseband
signals and a transmitters. In this example the receivers [err]
microcomputer processor 230 for receiving the cor- [err]  are shown tuned
to receive signals [err]  relator products and generating a display of the
[err]  of 96 MHz, 92.3MHz and 89.7 MHz respec-      position and track of
the mobile unit. *   tively corresponding to the nominal centre fre-  50
The correlator section 220 has three correlators quencies of three FM
transmitters in the East An-  [err]  for correlating, respectively, the
glian region of England. Suitable receivers are     baseband signals [err]
& [err] [err] & [err] and [err] & [err] Sony ICF 2001 D.
These produce quasi-sinusoidal outputs at about Each of the receivers is
phase locked to a      100 Hz which reflect the offset between the master
master reference oscillator 104 via a local oscillator  55  reference
oscillators 104, 204. The quasi-sinusoidal 105 for frequency synthesis, the
master oscillator  outputs are passed through identical low-pass fil- being
for  example  a high-stability crystal oscillator  ters 222 to phase locked
loops .(PLL) 223 where or rubidium frequency standard. In the example the
'clean' versions of the quasi-sinusoids are pro- 7    13                EP
0 303 371 B1                     14 duced either as sine- or as
square-waves. The         presently preferred method being to use the 



PLL's 223 employ narrow loop bandwidths of say          Newton-Raphson
method (see "Numerical Rec- less than 1Hz. in order to remove the effects
of     ipes, the art of Scientific Computing", by .W. H. noise in the
outputs of the low-pass filters 222.      Press et al, Cambridge University
Press 1986) PLL's 224 receive the outputs of PLL's 223 to 5       to
calculate the current position using the pre- .  produce outputs offset by
90  with those of. PLL's  vious position as a starting point for the
iteration 223 and these may have wider bandwidths - of the      (e) The
phase tracking algorithm used for each order of 10.1Hz.        .
channel is as follows. If [err] is the total phase The sine and cosine
products thus produced         tracked so far and the new data samples are
S are fed to sample and hold circuits 225 on a   10      and C (for the
sine and cosine channels respec- conventional interface board in a
microcomputer        tively), then the phase increment [err] is given 230
which has a microprocessor 231 and timer           by:- 232, by means of
which the data representing the       tan [err] products is manipulated to
form a video output sent to a visual display unit 233. In the prototype the
15  and the new value of the tracked phase is [err] + display is used to
represent a track-of the path of    [err]. As long as no phase increments
greater the mobile unit as shown in Figure 11, the scale       than [err]
or less than [err] occur between being  adjustable under computer control
to one of     samples this will hold true. For this to be so see a number
of desired scales.                            description below with regard
to the interrupt Fig. 10A illustrates, by way of a flow chart, the   20
service routine. elements of the computer's operation under         The
interrupt service routine, by means of program control, in order to display
on the VDU   which data from the sample and hold circuits 225 233 a
representation of the track of the mobile unit.  is stored in one of two
buffers, and which is shown After the  program is entered at step S01 the
timer  in flow chart form in Fig. 10B, will now be de- 232 and internal
data buffers in the computer are  25  scribed. initialized  in step S02 and
the interrupt timing (see  The timer 232, which is resettable, causes in-
description below) set going in step S03. In step    terrupts to occur in
the operating program  (Fig. S04 the  program checks to see whether or not
a   10A) at regular intervals (say 500 per second) as flag (set by a
separate interrupt routine - see Fig.  determined by the program. On
occurence of an 10B) is set or not. If it is then data in the current  30
interrupt the interrupt routine is entered (step 101) buffer is. valid and
is converted to phase incre-    after which the timer 232 is reset (step
102). A , ments in step S05 and in step S06 the phase        buffer pointer
which points to the address in the increments are added to the totals (for
each of the  current buffer to which data should next be stored AB and  C
channels) to produce new totals . The     Is incremented or changed over
(step 103) and data p osition ofthe mobile unit is calculated in step S07
35  is then read from the sample and hold circuits 225 and displayed on the
VDU 233 in step S08. The        (step 104) and put into the current buffer
(step 105). current-buffer-full flag is reset in step S09 and the  In step
106 the routine checks to see if the current ogram. loops back to step S04.
If the buffer-full     buffer Is full and If it is sets the flag (step 107)
is not detected in step S04 then the program     previously mentioned in
connection with the oper- loops around S04 to check again.
40  ations program. The buffer to which data is to be In connection with
the flow chart of Figure 1 Oa,  stored is then changed over (step 108). If
the buffer the  following should be noted:-                    is not full,
or once the buffer has been changed, (a) The current-buffer-full flag is
set by the inter-  the interrupts are reset (step 109) and the interrupt
rupt routine as will be described below in con-   routine ends (step 110),
allowing control of the nection with Figure 10B.                     45
computer to return to the main program (Fig. 10A). (b) The phase difference
of each channel is          There are two buffers so as to allow one to be
calculated by means of the relation:              written to during an
interrupt routine while the other phase = arctan (SIC)
is being read from by the main program that has where S and C are the
values of the voltages      been interrupted. In the present example the
buffer from the sine and cosine PLL's 223,224.      50  size and rate of
reading the sample and hold (c) The total phase elapsed since the start
must  circuits are chosen so that each buffer fills in about be tracked,
i.e. the algorithm used by the pro-   1 second, and the reading rate is
chosen so as to gram needs to carry the phases over the princi-   sample
the data completely in order to ensure that pal range-180 to [err].
no phase increments greater than +180  or less (d) Calculation of present
position is by means   65  than -180 are lost between samples. of the three
equations 1A to 1C specified earlier.  Figure 11 is a printout or screen
dump of a These may be solved in the program by any         track of a
mobile system carried by a man, show- one  of  a number of well-known
methods, the      ing the path followed (in the direction of the arrow). 8
15                 EP0303371 B1                       16 It can be seen
that using equipment according to    6. A system  according to claim 2 or
claim 3, 



the invention a highly accurate track can be plotted    wherein the
transmission signals are modu- in real time. The irregularities result from
move-      lated and the timing delays are determined. ment, side-to-side
of the path being walked by the man, of the aerial held by him. It can be
seen that   5   7. A system  according to claim 2 or claim 3, resolution as
good as half a metre or less can be       wherein both phase difference and
timing de- achieved in measurements made every 0.1 second.         lays are
determined. Claims                                              8  A system
according to claim 4 or claim 5, 10      wherein the receiving stations
convert the sig- 1. A navigation and tracking system, for receiving
nals received to baseband signals by the use the signals transmitted by a
number of trans-       of local oscillators which are phase-locked to
mission sources (A,B,C) equal at least to the       local frequency
standards or reference oscilla- number of dimensions in which the movement
tors (K,L) and the baseband signal from one of of a roving object is to be
monitored, the   15     the receiving stations is transmitted to the oth-
system comprising a pair of receiving stations      er. (D,E), in use the
first of the receiving stations (D) being at a known position and the
second    9. A system according to claim 8, further includ- (E) being
located on the roving object; means       ing an additional transmission
source (C) for (F) for passing a link signal from one of the   20
measuring the drift of the reference oscillators receiving stations to the
other receiving station,  or frequency standards (K, L). the link signal
containing information about the transmitted signals received at the one
receiv-  10. A system according to claim 8, wherein the ing station from
which the phase difference or      reference oscillators (K,L) are locked
to one time delay between the respective signals re-  25   another using
the transmission link between ceived from the transmission sources at the
the receiving stations. receiving stations may be determined; means
(RS,T,U) at the other receiving station for    11. A system  according to
any of the preceding comparing the information received from the
claims, wherein a non-roving receiving station one receiving station with
information about the   30  called a base station is located at the same
respective signals received directly from the       location as one of the
transmitters. respective transmission sources and for deter- mining the
phase difference or time delay be-   12. A system according to claim 11,
wherein the tween the respective transmitted signals re-        link is
provided in the direction from the base ceived at both receiving stations
and hence the   35  station to the roving object. change in phase
difference or time delay of the signals, in order to determine the change
13. A system according to claim 12, wherein the in position or position of
the roving object.       base station has an omni-directional radiation
pattern, whereby any number of separate rov- 2. A system according to claim
1, further includ-  40   ing objects can navigate using the same link ing a
number of transmission sources equal at       signals. least to the number
of dimensions in which movement is to be monitored.                    14.
A system according to claim 2 or any claim when dependent thereon, wherein
the trans- 3. A system according to claim 2, further includ-  45   mission
signals from at least one of the trans- ing a number of transmission
sources equal at       mission sources are used to provide the link least
to the number of dimensions in which          between the receiving
stations. movement is to be monitored plus one. 15. A system according to
claim 11, wherein the 4. A system  according to claim 2 or claim 3,  so
same reference oscillator is used for the trans- wherein the transmission
signals are modu-          mitter source and co-located receiving station.
lated and the phase difference is determined. 16. A system according to
claim 6, wherein the 5  A system  according to claim 2 or claim 3,
means for comparing the signals received by wherein the transmission
signals are continu-  55   the plural receiving stations includes means ous
wave, unmodulated transmission signals          (a,b,b') for digitizing the
converted signals and and the phase difference is determined.
means (X) for correlating the digitized signals to produce point estimates
of the cross-cor- 9    15                 EP 0 303 371B1
16 It can be seen that using equipment according to   6. A system according
to claim 2 or claim 3, the invention a highly accurate track can be plotted
wherein the transmission signals are modu- 



in real  time. The irregularities result from move-    lated and the timing
delays are determined. ment, side-to-side of the path being walked by the
man, of the aerial held by him. It can be seen that   6   7. A system
according to claim 2 or claim 3, resolution as good as half a metre or less
can be      wherein both phase difference and timing de- achieved in
measurements made every 0.1 second.        lays are determined. Claims
8  A system  according to claim 4 or claim 5, 10      wherein the receiving
stations convert the sig- 1. A navigation and tracking system, for
receiving    nals received to baseband signals by the use the signals
transmitted by a number of trans-       of local oscillators which are
phase-locked to mission sources (A,B,C) equal at least to the       local
frequency standards or reference oscilla- number of dimensions in which the
movement         tors (KL) and the baseband signal from one of of a roving
object is to be monitored, the   15     the receiving stations is
transmitted to the oth- system comprising a pair of receiving stations
er. (DE), in use the first of the receiving stations (D) being at a known
position and the second    9. A system according to claim 8, further
includ- (E) being located on the roving object; means       ing an
additional transmission source (C) for (F) for passing a link signal from
one of the   20  measuring the drift of the reference oscillators receiving
stations to the other receiving station,  or frequency standards (K, L). -
the link signal containing information about the transmitted signals
received at the one receiv-  10. A system according to claim 8, wherein the
ing station from which the phase difference or     reference oscillators
(KL) are locked to one time delay between the respective signals re-   25
another using the transmission link between ceived from the transmission
sources at the        the receiving stations. receiving stations may be
determined; means (R S,T U) at the other receiving station for    11. A
system according to any of the preceding comparing the information received
from the         claims, wherein a non-roving receiving station one
receiving station with information about the   30  called a base station is
located at the same respective signals received directly from the
location as one of the transmitters. respective transmission sources and
for deter- mining the phase difference or time delay be-   12. A system
according to claim 11, wherein the tween the respective transmitted signals
re-        link is provided in the direction from the base ceived at both
receiving stations and hence the   35  station to the roving object. change
in phase difference or time delay of the signals, in order to determine the
change  13. A system according to claim 12, wherein the in position or
position of the roving object.        base station has an omni-directional
radiation pattern, whereby any number of separate rov- 2. A system
according to claim 1, further includ-  40  ing objects can navigate using
the same link ing a number of transmission sources equal at      signals.
least to the number of dimensions in which movement is to be monitored.
14. A system according to claim 2 or any claim when dependent thereon,
wherein the trans- &  A system according to claim 2, further includ-  46
mission signals from at least one of the trans- ing a number of
transmission sources equal at       mission sources are used to provide the
link least to the number of dimensions in which         between the
receiving stations. movement is to be monitored plus one. 15. A system
according to claim 11, wherein the 4. A system according to claim 2 or
claim 3,  50       same reference oscillator is used for the trans- wherein
the transmission signals are modu-          mitter source and co-located
receiving station. lated and the phase difference is determined. 16 A
system according to claim 6, wherein the 5. A system  according to claim 2
or claim 3,          means for comparing the signals received by wherein
the transmission signals are continu-  55  the plural receiving stations
includes means ous wave, unmodulated transmission signals         (abb')
for digitizing the converted signals and and the phase difference is
determined.             means (X) for correlating the digitized signals to
produce point estimates of the cross-cor-    17                 EP 0 303
371 B1                    18 relation function.
Zeitverzdgerung der Signale, um die Anderung der Position oder die Position
des sich bowe- 17. A system according to claim 16, wherein an
genden Objektes festzustellen. interpolation function is fitted to the
point es- 



timates of the cross-correlation function to de-   5   2. Ein System nach
Anspruch 1, das auBerdem termine the time delay between the signals.
eine Anzahl von Obertragungsquellen minde- stens in der Anzahl der
Dimensionen ein- 18.. A system according to any of claims 1 to 17,
schliefit, in denen die Bewegung verfolgt wer- wherein the signals received
by each receiving      den soil. station are mixed by multiplication with a
sig-.  lO . nal from a respective local oscillator.        . Eln System
nach Anspruch 2, das auBerdem eine Anzahl von Obertragungsquellen minde- 19
A system according to claim 1, wherein each        stens in der Anzahl der
Dimensionen zuz~glich receiving station (D,E) has a reference oscilla-
einer einschlieft, in denen die Bewegung ver- tor, and which includes
16      folgt werden soil. means for deriving from the reference os-
. . b :illator a local reference signal; and          4. Eln System nach
Anspruch 2 oder 3. bei dem means for generating a signal representa-
die Obertragungssignale moduliert sind und die tive of the difference in
frequency and hence       Phasendifferenz bestimmt wird. the difference in
phase between the local refer-  20 ence signal and the signal received from
each    . Ein System nach Anspruch 2 oder 3, bei dem of  the  transmission
sources, said representa-     die Obertragungssignale unmodulierte Obertra-
tive ..signal generated within one of the receiv-  gungssignale mit einer
kontinuierlichen Welle ing stations being passed as the link signal to
sind und die Phasendifferenz bestimmt wird. the other receiving station.
25 6. En System nach Anspruch 2 oder 3, bei dem PatentansprUche
die Obertragungssignale moduliert sind und die Zeitverz6gerungen bestimmt
werden. . .  Eii Navigations- und Verfolgungssystem zum -''':' .''Empfang
der Signale, die durch elne Anzahl  30  7. Ein System nach Anspruch 2 odor
3, bel dem von Obertragungsquelien (A, B. C) mindestens        sowohl die
Phasendifferenz als auch die Zeit- ' ; in zder Anzahl der Dimensionen.
gesendet wer-   verzogerungen bestimmt werden. den, in. denen die Bewegung
eines sich bewe- .:genden Objektes verfolgt werden soil, mit ei-  8. Ein
System nach Anspruch 4 oder 5, bei dem nem Paar ..von Empfangsstationen (D,
E), von  ..53  die Empfangsstationen die empfangenen Si- . '   denen die
erste (D) wahrend des Betriebes           gnale zu Basisbandsignalen durch
die Anwen- sich an einer bekannten Position befindet und       dung von.
lokalen Oszillatoren umwandeln, die ..-.'die zweite (E) an dem sich
bewegenden Objekt    phasensynchronislert mit lokalen Frequenz- angebracht
ist, Mitteln (F) zur Obertragung ei-    standards oder Referenzoszillatoren
(K, L) nes Verbindungssignals von der einen Emp-  40       sind, und bei
dem das Basisbandsignal von :. :  . .;fangsstation zu der anderen
Empfangsstation,     einer der Empfangsstationen an die andere das eine
Information Ober die Obermittelten, in     Ubermittelt wird. der einen
Empfangsstation empfangenen Si- : - .  gnale -enthAlt, aus der die
Phasendifferenz   9. Ein System nach Anspruch 8, bei dem elne oder die
Zeitverz6gerung zwischen den ent-  46      zusktzliche Obertragungsquelle
(C) zur Mes- -  *   sprechenden, von den Obertragungsquellen an        sung
der Drift der Referenzoszillatoren oder den Empfangsstationen erhaltenen
Signalen           Frequenzstandards (K, L) geschlossen ist. 'bestimmt
werden kann; Mitteln (R, S, T, U) an -*,   -der anderen Empfangsstation zum
Vergleichen    10. Ein System  nach Anspruch 8, be! dem die der von der
einen Empfangsstation empfange-  5o     Roefrenzoszillatoren (K, L) unter
Benutzung nen Information mit der Information Ober die       der
Obertragungsverbindung  zwischen  den entsprechenden, direkt von den
entsprechen-         Empfangsstationen synchronisiert sind. den
Obertragungsquellen erhaltenen Signalen und zur Festlegung der
Phasendifferenz oder     11. Ein System nach einem.der vorhergehenden der
Zeitverz6gerung zwischen den entspre-  a5       Ansprache, bei dem eine
sich nicht bewegen- chenden Ubertragenen Signalen, die an beiden        de
Empfangsstation, genannt eine Basisstation, Empfangsstationen empfangen
werden, und so         an derselben Stelle angeordnet ist wie elner die
Anderung der Phasendifferenz oder der           der Sender. .10
I 111111    IlIJI 11111 II !I 10                 ' | 1!lilil 1lilil ~
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12. Ein System nach Anspruch 11, be! dem die          gnal an die andere
Empfangsstation weiterge- Verbindung in der Richtung von der Basissta-
leitet wird. tion zu dem sich bewegenden Objekt vorgese- 



hen !st.                                       Revendlcatlons 5 13. Ein
System nach Anspruch 12, be! dem die      1. Systbme de navigation et de
poursuite destin4 Basisstation ein Strahlungsmuster in alle Rich-   a
recovoir des signaux 6mis par un certain tungen aufweist, wobei eine
beliebige Anzahl      nombre de sources d'emission (A, B, C) dont von
getrennten, sich bewegenden Objekton un-      le nombre est au moins egal
au nombre de ter Benutzung derselben Verbindungssignale  io    dimensions
dans loquel le ddplacement d'un ;   -   navigieren kann.
objet voyageur dolt 8tre contr816, le systbme comprenant une paire de
stations receptrices 14.' Ein System nach Anspruch 2 oder einem der
(D, E), la premiere des stations r6ceptrices (D) Ansprache, die davon
abhangen, bei dem die        dtant a une position connue et la seconde des
Obertragungssignale von mindestens einer  is      stations receptrices (E)
etant placde sur l'objet -;   -Obertragungsquelle benutzt werden, um die
voyageur pendang.4tilitioni un dispositif (F) Verbindung zwlschen den
Empfangsstationen         destin6 a emettre un signal de liaison de l'une
vorzusehen.                                       des stations receptrices
vers l'autre, le signal de liaison contenant des informations relatives 15.
Ein System nach Anspruch 11, bei dem der-  20     aux signaux 6mis et regus
par une premlbre selbe Referenzoszillator als Obertragungsquel-    station
r~ceptrice dont le ddphasage ou le re- :  .    le und als Empfangsstation
an derselben Stelle    tard temporel entre les signaux respectifs re-
eingesetzt wird.                                  gus des sources
d'6missions par les stations r6ceptfrices peut 8tre d~termin6, un
dispositif 16. Ein System nach Anspruch 6,. bei dem die  25      (R, S. T,
U) place & l'autre station r~ceptrice et :   Mittel zum Vergleichen der von
den mehrfach     destin6 & comparer les informations regues de .5*'.,
vorhandenen Empfangsstationen empfangenen         la premibre station
receptrice aux informations Signale Mittel (a, b, b') zum Dlgitalisloren
der  relatives aux signaux respectifs regus directe- umgewandelten Signale
und Mittel (Q zur Kor-      ment des sources respectives d'dmisslon, et a
relation der digitalisierten Signale einschlielien,  30  d6terminer le
dephasage ou le retard temporel -  ; um Punktvorschlage der
Kreuzkorrelationsfunk-   entre les signaux 6mis respectifs regus par les .
tion.hervorzubringen.            -                 deux stations
r6ceptrices et. donc. la variation. du dephasage ou du retard temporel des
si- . .17i. Ein System nach Anspruch 16, bei dem elne      gnaux, afin que
le changement de position ou -. :- Interpolationsfunktion in die
Punktvorschlage   36  la position de l'objet voyageur solt determind. *   :
der ! Kreuzkorrelationsfunktion  aufgenommen i      ist, um die
Zeitverzogerung zwischen den Si-   2. Systhme selon la revendication 1,
comprenant gnalen zu bestimmen.                              en outre un
nombre de sources d'4mission dgal au moins au nombre de dimensions dans
'18. Ein- System nach einem der ArIsprlche 1 bis  4o   lequel Is mouvement
dolt 8tre conr8le6. -17, bei dem die von jeder Empfangsstation empfangenen
Signale durch Multiplikation mit   3. Systbme solon la revendication 2.
compronant elnem Signal von einem entsprechenden loka-       un nombre de
sources d'emission 6gal au Ien Oszillator gemischt werden.
moins au nombre de dimensions dans lequel 46     le mouvement doit 8tre
contr816, augmente -19. Ein System nach Anspruch 1, bei dem jede
d'une unit6. Empfangsstation (D, E) oenen Referenzoszilla- tor autweist,
und aulerdem                     4. Systeme solon la revendication 2 ou 3,
dans Mittel zum Ableiton eines lokalen Rafe-       lequel les signaux
d'emission sont modules et renzsignales vonderm Referenzoszillator; und
50  le d~phasage est d6termin6. - : ~~Mittel zur. Erzeugung eines Signals
ein- .schlieit, das reprasentativ fUr die Differenz  5. Systeme solon la
revendIcation 2 ou 3. dans -   nach der Frequenz und so der Differenz nach
lequel les signaux d'6misslon sont des signaux der Phase zwischen dem
lokalen Referenzsi-        non modul6s a ondes entretenues, et le dd- gnal
und dem Signal ist, das von jeder Ober-  s6  phasage est d6tormin6. - -
tragungsquelle empfangen wird, wobel das re- . prasentative Signal, das in
einer der Emp-   6. Systbme solon la revendication 2 ou 3, dans :
fangsstatonen erzeugt wird, als Verbindungssi-    lequel les signaux
d'6mission sont modules et .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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22 : n les retards.temporels sont doen termin6s.             dispositif (a,
b, b') de numerisation des signaux transform6s, et un dispositif (Q de
correlation 7. Systbme selon la revendication 2 ou 3, dans           des
signaux numbris~s, destinds A former des 



:- lequel le dphasage et les retards temporels        estimations
ponctuelles de la fonction de cor- :. -:.  -sont d~termin~s.
5       rdlation mutuelle. .   Systeme selon la revendication 4 ou 5, dans
17. Systbme solon la revendication 16, dans lequel _.    lequel les
stations rkcoptrices transforment les       une fonction dinterpolation est
adapt~e aux signaux regus en signaux de bande de base
estimations ponctuelles de la fonction de cor- *    par utilisation
d'oscillateurs locaux qui sont   10  r~lation mutuelle pour la
d~tormination du re- verrouill~s en phase sur des r6ferences locales
tard temporel entre les signaux. de fr~quence ou sur des oscillateurs de
r~f6- rence. (K, iL), et le signal de bande de base de  1& Systsme solon
l'une quelconque des revendi- * !    ligne des stations r6ceptrices est
transmis a      cations 1 & 17, dans loquel les signaux regus .I'autre.
16       par chaque station r~ceptrice sont mdlanges par multiplication
av.,quo-Alignal d'un oscilla- 9. Systeme solon la revendication 8,
comprenant          tour local respectif. en outre une source
suppl~mentalre d'6mis- sion (C) destinoe & la mesure de la ddrive des   19.
Systeme solon la revendication 1, dans lequel -oscillateurs de ref6rence ou
des references de   2o  chaque station receptrice (D, E) a un oscilla-
.-frequence (K, L).                                  tour de r~ference, at
qui comporte: un dispositif desatne & ddriver de l'oscilla- 10.- Systbme
selon la revendication 8, dans lequel       tour de ref~rence un signal de
rdf~rence loca- les. oscillateurs de rdf~rence (K, L) sont ver-      le, et
rouinles l'un sur l'autre a laide de la liaison   25    un dispositif
gen~rateur d'un signal repr6- d'emission entre les stations r~ceptrices.
sentatif de la difference de frequence et donc de la diffdrence de phase
entre le signal de -:11. Systeme solon l'une quelconque des revendi-
ref~rence locale et le signal regu de chacune cations prdcedentes, dans
loquel une station         des sources d'dmission, le signal reprdsentatlf
*-.- . receptrice -non voyageuse, appel6e station de ao     cr66 dans l'une
des stations rdceptrices etant *    base, occupe le m~me emplacement que
l'un            emis comme signal de liaison vers lI'autre sta- des
emetteurs.                                      tion r~ceptrice. :-*  12...
Systimeosolon la revendication 11, dans lequel :. .veralson est r oallsoe
de la station de base   3S .vers     voobjet wyageur. I ' Systbme selon la
revendication 12, dans lequel - .la station de base a un diagramme
omnidirec- tionnel de rayonnement, si bien qu'un nombre   40 quelconque
d'objets voyageurs sdpards peu- vent naviguer avec les m6mes signaux de
liai- *    :son. 14. Systbme solon la revendication 2 ou toute re-  46
vendication qui en d6pend, dans lequel les .signaux d'emission de l'une au
moins des sources d'emission sont utilis6s pour la forma- ton de. Ia
liaison entre les stations rcoeptrices. 50 . 15 Systbme solon la
revendication 11, dans lequel le meme oscillateur de r~fdrence est utilis6
pour Ia source d'dmission et la station receptri- ce qui est au mOme
emplacement. 56 16. Systhme solon la revendication 6, dans lequel . le
dispositif de comparaison des signaux regus par plusieurs stations
receptrices comporte un 12 C   L   M   S *    


