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Description 

Background  to  the  invention 
This  invention  relates  to  craft  navigational  aid  apparatus  and  systems  (which  may  hereinafter  be 

5  referred  to  collectively  as  craft  navigational  aid  systems,  wherein  a  system  comprises  the  combination  of 
navigational  aid  apparatus  and  the  craft  being  aided)  and  is  concerned  with  craft  navigational  aid  systems 
using  transmitting  stations  transmitting  signals  which  are  received  by  mobile  objects  (conveniently  called 
"craft")  to  aid  the  navigation  of  those  craft. 

Many  such  systems  as  known  (e.g.  GEE:  DECCA  NAVIGATOR:  LORAN:  OMEGA:  CONSOL)  in  which 
10  navigation  aid  is  derived  from  intersecting  hyperbolic  lattices.  These  have  become  known  as  hyperbolic 

systems.  The  hyperbolae  of  the  lattices  are  loci  of  constant  phase  difference. 
EP  —  A—  0047561  discloses  navigational  apparatus  which  employs  two  moving  hyperbolic  lattices  but 

no  fixed  lattices. 
The  present  invention  also  makes  use  of  a  hyperbolic  lattice  system.  It  greatly  extends  the  aid  which 

15  can  be  derived  from  known  hyperbolic  systems  in  that  it  may  provide  continuously,  in  real  time,  intended 
moving  positions  for  craft  to  follow  and  control  signals  to  assist  them  to  do  so.  The  movement  of  such 
positions  may  be  coordinated  and  maintained  at  specific  intervals  while  the  speed  of  movement  may  be  * 
fixed  or  variable  in  more  than  one  direction.  Communications  are  provided  to  pass  system  information  and 
inform  a  control  centre  of  the  navigational  state  of  craft. 

20 
Summaries  of  the  invention  y 

Craft  navigational  aid  apparatus  according  to  the  present  invention  has:  — 
—  a  plurality  of  pairs  of  spaced  signal  transmitting  stations,  which  pairs  are  arranged  to  generate  a 

corresponding  number  of  hyperbolic  lattices  intersecting  each  other,  for  assisting  a  craft  with  signal 
25  receiving  and  processing  means  mounted  on  said  craft  and  arranged  to  determine  the  difference  in  phase 

between  the  two  signals  received  from  each  pair,  characterised  in  that 
—  the  plurality  of  pairs  of  signal  transmitting  stations  is  so  arranged  that  at  least  one  of  the  lattices  is 

moving  relative  to  the  other  lattices  which  are  fixed  in  respect  of  their  associated  transmitting  stations. 
Additional  pairs  of  signal  transmitting  stations  may  be  included  whereby  at  least  one  additional  fixed 

30  lattice  is  provided  so  that  aid  may  be  given  to  a  craft  in  at  least  two  dimensions. 
A  fixed  control  centre  may  be  provided  to  send  system  information  to  craft  being  aided,  employing  a 

data  communications  channel  which  is  multiplexed  on  the  carrier  frequency  of  one  of  the  transmitting 
stations,  the  signal  receiving  and  processing  means  being  arranged  to  receive,  in  addition  to  the  signals 
from  transmitting  stations,  a  communications  frequency  signal-,  said  signals  being  filtered  into  respective 

35  demodulators  of  the  receiving  and  processing  means,  which  means  also  comprise  comparators  to 
determine  craft  speed,  track  and  position  fixes  by  comparison  of  the  phases  of  the  demodulated  signals. 

The  signals  from  the  signal  transmitting  stations  are  propagated  by  modulation  of  carrier  frequencies. 
The  moving  lattice  may  be  divided  into  at  least  two  overlapping  sections,  and  a  control  centre  provided 

for  controlling  the  movement  of  craft  from  one  section  to  the  other  where  the  sections  overlap. 
40  The  speed  of  the  moving  lattice  may  be  variable  so  that  a  craft  can  be  taken  through  a  stage  of  speed 

change  which  may  include  a  change  to,  through,  or  from  zero  speed,  and  control  is  exercised  from  the 
control  centre. 

A  craft  navigational  aid  system  according  to  the  present  invention  has:  — 
—  a  plurality  of  pairs  of  spaced  signal  transmitting  stations,  which  pairs  are  arranged  to  generate  a 

45  corresponding  number  of  hyperbolic  lattices  intersecting  each  other, 
—  signal  receiving  and  processing  means  mounted  on  said  craft  and  arranged  to  determine  the 

difference  in  phase  between  the  two  signals  received  from  each  pair,  characterised  in  that 
—  the  plurality  of  pairs  of  signal  transmitting  stations  is  so  arranged  that  at  least  one  of  the  lattices  is 

moving  relative  to  the  other  lattices  which  are  fixed  in  respect  of  their  associated  transmitting  stations,  * 
so  The  system  may  be  provided  with  two  pairs  of  signal  transmitting  stations,  one  pair  providing  a  fixed  ,  j  

hyperbolic  lattice,  and  the  other  providing  an  intersecting  moving  hyperbolic  lattice,  the  signal  receiving 
and  processing  means  mounted  on  the  craft,  being  arranged  to  determine,  in  response  to  the  fixed  lattice, 
the  track  of  the  associated  craft,  and,  in  response  to  the  moving  lattice  for  its  position  and  speed  on  that  v 
track,  which  speed  is  substantially  the  same  as  that  of  .the  moving  lattice. 

55  The  craft  may  be  provided  with  means  for  automatically  communicating  with  the  control  centre 
periodically  to  report  on  the  position  of  craft,  using  geographical  or  other  coordinates  together  with  lateral, 
axial,  and,  where  appropriate,  vertical  errors  from  datum  points  and  a  warning  in  the  event  of  departure 
from  said  datum  points  or  other  deviant  situation. 

A  track  may  be  computed  from  fixed  lattices. 
60  The  signal  receiving  and  processing  means  may  be  provided  with:  — 

(a)  a  first  phase  comparator  for  resolving  craft  navigational  fix  from  the  received  signals; 
(b)  a  second  phase  comparator  for  resolving  track  guidance;  and 
(c)  a  third  phase  comparator  for  resolving  craft  position  and  speed  on  its  track. 
The  speed  of  the  moving  lattice  may  be  variable  so  that  a  craft  can  be  taken  through  a  stage  of  speed 

65  change  which  may  include  a  change  to,  through,  or  from  zero  speed,  and  control  is  exercised  from  the  craft. 

2 



The  invention  also  comprises  use  ot  tne  system  Tor  controlling  d  &u  «*<*■■■  u.  won  ow  ^...v-vi 
the  craft  from  the  signal  transmitting  stations  is  locked  to  a  common  time  reference  whereby  craft  in  the 

stream  are  maintained  at  regulated  intervals  with  respect  to  each  other. 
Craft  may  be  controlled  at  different  speeds  on  different  tracks  in  any  one  section. 

5  Tracks  for  craft  having  a  vertical  separation  may  be  defined  by  the  system. 
The  system  may  be  used  to  produce  coordinates  for  moving  positions  which  craft  using  the  system  are 

intended  to  maintain  by  measuring  errors  between  actual  and  intended  positions  to  derive  courses  and 

speeds  to  reach  said  intended  positions. 
A  track  may  be  defined  by  a  curve  or  the  asymptotic  part  of  a  curve. 

10  A  track  may  be  defined  by  a  straight  line  extending  between  a  pair  of  signal  transmitting  stations. 
A  track  may  be  computed  from  fixed  lattices. 
Signals  from  the  signal  transmitting  stations  may  be  propagated  by  modulation  of  carrier  frequencies. 
Signals  from  the  signal  transmitting  stations  may  be  of  both  low  and  high  frequencies  so  as  to 

establish  respectively  coarse  and  fine  lattices. 
18  A  single  frequency  signal  at  one  of  a  pair  of  signal  transmitting  stations  may  be  used  to  trigger  a 

number  of  signals  of  differing  frequency  at  the  other  of  the  pair  of  transmitting  stations. 
Said  number  of  signals  may  be  multiplexed  onto  a  single  carrier  frequency. 
Compensation  of  the  doppler  effect  may  be  applied  to  the  channel  frequencies  used  in  said 

multiplexing.  ,  . . .  
20  Correct  phase  difference  between  transmissions  from  a  pair  of  signal  transmitting  stations  may  be 

achieved  by  use  of  a  goniometer. 
The  above-mentioned  third  phase  comparator  may  be  used  by  computer  means  to  define  a  craft 

moving  position  slot,  and  a  display  used  to  present  both  craft  position  and  slot. 
The  speed  of  the  moving  lattice  may  be  varied  such  that  a  craft  can  be  taken  through  a  stage  of  speed 

25  change  which  may  include  a  change  to,  through,  or  from  zero  speed,  and  control  is  exercised  either  from  a 
control  centre  or  from  a  craft.  For  the  purposes  of  passing  from  one  geographical  section  to  the  next,  slots 
from  both  sections  may  be  caused  to  coincide  thereby  to  generate  a  transit  gate.  The  signal  transmitting 
stations  may  transmit  with  continuous  wave  or  with  pulse  transmissions.  On  the  craft,  the  signals  received 
from  the  transmitting  stations  may  be,  by  option,  manually  or  automatically  employed  to  control  the  craft. 

30  The  rate  of  phase  change  between  the  transmissions  of  the  signal  transmitting  stations  may  be  varied 
either  to  counter  change  of  speed  produced  by  the  expansion  factor  or  to  produce  a  desired  change  of 
SD66Ci 

The  apparatus  may  be  combined  with  a  craft  either  not  equipped  to  receive  transmissions  from  the 
signal  transmitting  station  pairs  or  beyond  the  range  thereof,  in  which  a  control  centre  transmits  data  to  the 

35  craft  which  permits  it  to  function  as  if  it  were  so  equipped  or  were  not  so  beyond  the  range. 
The  system  may  use  differential  lattices,  that  is  a  pair  of  lattices  each  with  a  different  pitch,  produced  by 

transmissions  from  the  same  pair  of  transmitting  stations,  to  give  graduation  of  position  lines  equal  to  that 
of  the  lattice  with  the  smaller  pitch  and  elimination  of  ambiguity  over  a  number  of  lanes  of  the  lattice  with 
the  larger  p i t c h . .   ,  ,  .  ,  * to  Signal  transmitting  station  pairs  may  be  arranged  to  generate  static  and  dynamic  hyperbolic  lattices  of 

phase  difference  to  assist  in  the  control  and  guidance  of  craft  receiving  those  signals.  The  craft  may  be 

moving  singly  or  in  streams  on  land,  on  or  in  water  or  other  liquid,  or  in  aerospace  at  regulated  speeds  and, 
where  appropriate,  at  regulated  intervals  within  lanes,  corridors,  channels  or  other  specified  controlled 

space  The  transmitting  stations  may  also  transmit  communication  information  for  craft  to  use  in 
45  maintaining  correct  tracks,  speeds  and  horizontal  separation  from  other  craft  (if  any)  under  control. 

Receivers  in  the  craft  may  give  output  for  manual  translation  and  electronic  output  for  automatic  control  of 
the  speeds  and  tracks  of  the  craft.  Suitable  craft  are,  for  example,  motor  land  vehicles,  ships  and  boats, 
hovercraft,  submersibles  and  aeroplanes.  It  will  be  appreciated  that  the  system  can  be  used  to  guide 
individual  craft  but  can  also  be  used  to  guide  a  plurality  of  craft  at  the  same  time. 

so  In  a  system,  such  as  described  below  involving  traffic  streams,  all  data  for  the  craft  in  each  stream  of 
traffic  is  locked  to  a  common  time  reference  to  reduce  errors  which  could  arise  from  static  navigation  data 
obtained  by  different  craft  from  a  variety  of  uncoordinated  navigation  aid  systems. 

Whilst  craft  are  under  control  by  the  system,  they  may  communicate  to  a  control  centre  automatically 
at  fixed  intervals  to  report  on  the  progress  of  the  craft  and,  when  appropriate,  give  notification  of  untoward 

55  events  with  appropriate  alarm  signals.  , 
The  system  may  comprise  one  or  more  geographical  or  geometrical  track  sections  with  guidance, 

communications  and  control  facilities.  Where  the  system  includes  a  plurality  of  sections  each  controlled 
with  its  own  lattices,  the  movement  of  craft  in  adjacent  sections  are  mutually  synchronised  to  ensure 
smooth  passage  from  each  section  to  the  next  without  delay.  The  system  can  provide  facilities  for  the 

60  conduct  of  craft  at  different  speeds  on  different  tracks  within  a  given  section  according  to  the  capabilities  of 
the  craft  in  that  section  and  general  requirements.  The  tracks  may  be  separated  vertically  or  horizontally; 
the  locations  of  the  horizontally  separated  tracks  being  defined  by  the  system.  The  separate  vertical 

heights—  or  depths—  may  be  defined  by  the  system  or  alternatively  may  be  defined  by  reference  to  other 
instruments  (such  as  altimeters  or  depth  gauges)  in  the  craft.  Track  sections  may  be  straight  or  curved.  The 

65  system  can  produce  coordinates  for  moving  positions  which  the  craft  are  intended  to  maintain.  Craft  then 
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measure  the  error  between  their  actual  position  and  intended  moving  position  to  derive  the  corrections  of 
course  and  speed  necessary  to  reach  the  intended  moving  position.  The  moving  positions  provided  for 
craft  which  share  a  common  path  are  coordinated  to  ensure  the  required  interval  between  them.  The 
disadvantages  of  known  systems  is  that  they  do  not  give  to  craft  continuously  their  intended  moving 

5  positions  nor  provide  aid  for  manual  or  automatic  control  of  the  craft  to  maintain  their  intended  moving 
positions.  They  do  not  provide  automatic  coordination  between  craft  nor  speed  regulation.  Neither  do  they 
transmit  to  the  control  centre  the  navigational  state  of  craft  relative  to  intended  moving  positions.  In  other 
systems  the  frequencies  used  to  produce  the  hyperbolae  or  harmonics  of  them  are  transmitted  as  radio 
frequencies.  As  a  result  either  technical  compromise  or  difficulty  in  obtaining  frequency  allocation  may 

w  occur.  Most  other  systems  could  not  be  used  within  water  or  other  liquids  nor  could  they  be  used  for 
movement  control  as  opposed  to  navigation. 

Detailed  description  of  the  drawings 
The  invention  will  now  be  described  by  way  of  example  only,  with  reference  to  the  accompanying 

15  drawings,  wherein:  — 
Figure  1  is  a  distance/phase  diagram, 
Figure  2  is  a  diagram  showing  intersecting  hyperbolic  lattices  of  phase  differences, 
Figure  3  illustrates  an  asymptotic  straight  track, 
Figure  4  illustrates  a  curved  track, 

20  Figure  5  is  a  block  diagram  of  equipment  carried  on  a  craft, 
Figure  6  illustrates  a  static  hyperbolic  lattice  for  fixing  the  position  of  a  craft  in  conjunction  with  another 

lattice, 
Figure  7  illustrates  the  coordinates  of  a  moving  position, 
Figure  8  illustrates  the  radiation  of  different  frequencies  from  two  pairs  of  transmitting  stations, 

25  Figure  9  illustrates  movement  of  craft  between  two  adjacent  geographical  sections  of  the  system,  and 

Figure  10  illustrates,  in  a  schematic  manner,  the  arrangement  for  the  control  of  craft  in  three 
dimensions. 

Detailed  description  of  the  preferred  embodiment 
30  Figure  1  shows  a  base  line  10  having  signal  transmitting  stations  M,  N  at  respective  ends  and  craft 

marked  by  arrows  11,  12  and  13  at  equidistant  points  along  the  line  10.  The  situation  is  first  considered 
where  stations  /Wand  N  transmit  on  the  same  frequency  f  and  in  phase,  and  the  distance  between  M  and  N 
is  one  half  a  wavelength  of  frequency  f.  In  this  situation  the  phase  difference  between  the  signals  received 
from  M  and  N  will  be:  — 

-180°  if  the  craft  is  at  M 
-90°  if  the  craft  is  at  11 

0°  if  the  craft  is  at  12 
-270°  if  the  craft  is  at  13 

4Q  -180°  if  the  craft  is  at  N 
These  phase  differences  do  not  change  until  the  craft  position  changes. 

The  loci  of  points  of  fixed  phase  difference  are  static  hyperbolae  such  as  shown  by  dash  lines  20  in 
Figure  2.  In  Figure  2  the  signal  transmitting  stations  M  and  N  have  been  re-identified  as  C  and  D.  The  static 
hyperbolae  give  track  guidance  information  as  referred  to  below  and  can  be  referred  to  as  craft  tracks.  -  

"5  The  situation  is  next  considered  where  transmitting  station  N  transmits  on  a  different  frequency  or  with 
a  changing  phase  to  that  of  station  M.  In  this  situation  craft  at  the  various  points  on  the  line  10  will,  if  they 
remain  stationary,  experience  a  changing  phase  difference.  This  is  illustrated  in  crude  step-wise  form  in  the 
vertical  columns  M,  11,  12,  13  and  N  in  the  table  below. 

Phase  of 
Phase  of  Phase  difference  transmission 

transmission  detected  on  craft  at:  from  station  N 
from  station  M  M  11  12  13  N  relative  to  M 

Zero  -180  -90  0  -270  -180  Zero 

Zero  -270  -180  -90  0  -270  -90° 

Zero  0  -270  -180  -90  0  -180° 

Zero  -90  -0  -270  -180  -90  -270° 

Zero  -180  -90  0  -270  -180  -360° 

4 
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The  table  also  illustrates,  if  one  looks  at  it  diagonally  from  top-lett  to  Dottom-rigni,  mai  a  poini  ot 
constant  phase  difference  moves  steadily  through  positions  represented  by  M,  11,  12,  13,  Win  sequence  as 
the  phase  at  N  changed  relative  to  that  at  M.  Thus  there  is  set  up  dynamic  (kinetic)  hyperbolae  such  as 
shown  by  continuous  lines  21  in  Figure  2  (which  can  be  referred  to  as  craft  position  and  speed  lines)  with 

5  stations  M  and  N  re-identified  as  A  and  B.  The  craft  is  indicated  at  22.  The  hyperbolae  have  a  common 
speed  of  movement  along  the  base  line  AB.  The  table  above  represents  a  step-wise  situation  but  in  practice 
a  smooth  movement  will  be  generated.  The  smooth  movement  will  be  achieved  by  either  a  large  number  of 
small  steps  when  using  pulses  or  instantaneous  phase  changes  with  continuous  waves  or,  by  continuous 
movement  when  two  slightly  different  frequencies  are  used. 

■0  The  frequencies  fa  and  fb  of  the  signals  transmitted  by  the  transmitting  stations  A  and  B  are  arranged 
to  make  the  moving  lattice  travel  along  the  track  at  the  speed  of  the  craft.  The  actual  speed  of  the  craft  is 
usually  disturbed  by  natural  elements  but,  within  tolerable  variations,  normally  remains  substantially  the 
same  as  the  speed  of  the  moving  lattice. 

Along  the  base  line  10  (AB  in  Figure  2)  the  speed  of  movement  of  the  lattice  represented  by  lines  21  will 
'5  at  any  instant  be  equal  to  V/cp,  when  V  is  the  velocity  of  propagation  through  the  relevant  medium  and  cp  is 

the  sum  of  the  cycles  transmitted  by  stations  A  and  B  during  the  time  taken  for  station  B  to  become 
retarded  in  phase  by  360°  relative  to  station  A.  (Thus  A  transmits  P  cycles  and  B  transmits  P-1,  therefore 
$=2P-1). 

It  will  be  appreciated  therefore  that  the  speed  of  the  moving  lattice  can  be  varied  by  changing  the 
>.o  difference  between  the  frequencies  transmitted  by  stations  A  and  B. 

At  points  away  from  the  base  line  AB  the  speed  will  increase  as  the  spacing  between  hyperbolae 
increases.  (This  results  from  the  expansion  effect  referred  to  below). 

When  there  are  technical  or  administrative  objections  to  the  transmission  of  the  hyperbola-producing 
frequencies  fa,  fb  etc.  from  stations  A  and  B  etc.,  they  may  be  used  to  modulate  acceptable  carrier 

is  frequencies. 
The  term  "wavelength"  is  used  here  to  refer  to  the  distance  between  adjacent  points  of  equal  phase 

measured  along  the  line  of  propagation  of  a  continuous  wave  or  a  train  of  pulses. 
On  the  surface  of  the  earth  the  hyperbolae  are  spheroidal  whilst  curves  in  Figure  2  are  plane 

hyperbolae.  It  is  believed  that  they  are  suitable  for  describing  the  principles  involved  in  the  invention. 
30  With  reference  to  Figure  7,  craft  aided  by  the  system  will  travel  on  a  track  70,  substantially  at  the  same 

speed,  and  in  the  same  direction,  as  the  moving  lattice  (lines  21)  and  will  by  doppler  action  receive 
transmissions  of  fa  and  fib  from  the  signal  transmitting  stations  A  and  B  with  identical  apparent 
frequencies.  These  identical  apparent  frequencies  will  have  a  constant  phase  relationship  characteristic  of 
the  moving  lattice  line  which  intersects  the  point  of  reception.  Craft  may  find  the  moving  lattice  line 

35  allocated  to  them  by  seeking  its  characteristic  phase  relationship.  They  then  travel  at  the  speed  of  the 
moving  lattice  to  maintain  that  phase  relationship  and  consequently  their  correct  moving  position  at  the 
intersection  of  the  allocated  moving  lattice  line  and  the  trackline.  In  this  way  the  moving  lattice  lines,  and 
the  trackline  (which  is  coincident  with  lattice  line  20a)  produce  coordinates  (81  ,  82,  83,  84)  for  the  intended 
moving  positions,  (71,  72,  73,  74),  which  craft  using  the  system  are  intended  to  maintain  by  measuring  the 

40  errors  between  actual  and  intended  moving  positions  in  order  to  derive  course  changes  and  speed  changes 
so  as  to  reach  said  intended  position.  By  this  means  the  system  may  be  used  for  controlling  a  stream  of 
craft  so  the  data  derived  from  the  signal  transmitting  stations/!  and  B  is  locked  to  a  common  time  reference 
whereby  craft  in  the  stream  are  maintained  at  regulated  intervals  with  respect  to  each  other. 

The  frequencies  fa  and  fb  are  chosen  with  consideration  of  such  factors  as  the  geographical  length  of 
45  the  section  of  track  to  be  covered,  the  tolerable  degree  of  ambiguity  arising  from  repeated  phase 

differences,  required  accuracy  of  position  definition,  the  speed  of  the  craft  and  the  desired  intervals 
between  adjacent  craft.  In  some  cases,  but  not  all,  both  "coarse"  and  "fine"  hyperbolic  lattices  are  required 
and  these  factors  influence  the  choice  of  fa  and  fb.  Where  coarse  and  fine  hyperbolic  lattices  are  used  the 
fine  lattice  gives  accurate  fixing  with  the  possibility  of  ambiguity  at  half  wavelength  intervals  while  the 

so  course  lattice  resolves  the  ambiguity  with  the  use  of  its  longer  wavelength. 
The  terms  "coarse"  and  "fine"  hyperbolic  lattices  refer  to  the  spacing  of  the  hyperbolae  along  the  base 

line  10.  The  coarse  lattice,  produced  by  low  frequencies  with  long  wavelengths,  with  its  hyperbolae  widely 
spaced  distributes  a  complete  set  of  phase  values  over  a  half  wavelength  distance  sufficient  to  cover  a  long 
base  line  without  repeated  phase  relationships  and  consequent  ambiguity.  A  fine  hyperbolic  lattice  is 

55  produced  by  higher  frequencies  with  shorter  wavelengths  and  has  closely  spaced  hyperbolae  which  give 
greater  accuracy,  but  a  complete  set  of  unique  phase  values  covers  only  half  of  the  short  wavelength  and 
ambiguous  hyperbolae  are  produced  in  a  base  line  longer  than  that  length.  Therefore,  a  long  base  line  may 
give  rise  to  a  requirement  for  the  use  of  both  coarse  and  fine  spaced  hyperbolae  to  provide  accuracy 
without  ambiguity. 

60  The  system  may  use  differential  lattices  as  an  alternative  method  to  obtain  the  required  graduation 
without  incurring  ambiguities.  Differential  lattices,  that  is  a  pair  of  lattices  each  with  a  different  pitch,  are 
produced  by  transmissions  from  the  same  pair  of  signal  transmitting  stations  to  give  graduation  of  position 
lines  equal  to  that  of  the  lattice  with  the  smaller  pitch  and  elimination  of  ambiguity  over  a  number  of  lanes 
of  the  lattice  with  the  larger  pitch.  In  two  lattices,  (call  them  J  and  K),  the  boundaries  of  the  lanes,  as  the 

65  complete  series  of  phase  values  is  termed,  coincide  at  intervals  of  /  lanes  of  the  J  lattice  and  k  lanes  of  the  K 

b 



EP  0  109  215  B1 

lattice.  If  the  position  lines  may  be  determined  to  1/S  of  a  lane  they  may  be  numbered  from  1  to  S  and 
termed  sublanes.  Suitable  values  of/  and  A-  will  cause  the  coincident  pairs  of  J  and  /Csublanesto  be  unique. 
For  example,  sublane  (S-P)j  would  overlap  or  coincide  with  (S-Q)k  once  only  within  a  range  of/  and  k  lanes. 
The  receiver  and  comparator  (30)  and  computer  (31  )  in  the  craft  may  therefore  measure  the  unique  sublane 

5  pairs  and  determine  the  appropriate  lane  values. 
The  signal  from  the  transmitting  station  A  can  be  received  at  transmitting  station  5  and  used  in  or 

trigger  the  generation  of  the  signal  at  station  B  to  ensure  the  stable  relationship  needed  to  control  the 
speed  at  which  the  interference  pattern  moves.  If  the  system  is  to  be  used  to  guide  a  plurality  of  craft,  with 
groups  of  craft  travelling  at  different  speeds,  each  traffic  speed  used  requires  its  corresponding  frequency 

to  at  transmitting  station  B  to  produce  a  lattice  moving  at  the  correct  speed,  or  accelerating  or  decelerating  as 
rqeuired.  Thus  a  single  frequency  signal  at  ,4  could  trigger  a  number  of  signals  of  differing  frequency  at  B. 
These  could  be  multiplexed  on  one  carrier  frequency  and  transmitted  by  a  single  transmitting  station  B. 

The  accurate  control  necessary  to  ensure  correct  phase  difference  between  fa  and  fb  may  be  achieved 
in  one  of  several  methods.  One  method  may  use  a  goniometer.  (See  goniometer  80  of  Figures  8  and  9).  The 

is  goniometer  consists  of  five  coils  arranged  about  the  origin  of  the  x,  y  and  z  axes.  One  pair  of  fixed  coils 
connected  in  series  is  set  coaxially  on  the  x  axis  symmetrically  about  the  origin  with  sufficient  space 
between  them  for  the  fifth  coil.  The  second  set  of  identical  coils  also  connected  in  series  is  similarly  placed 
on  the  y  axis.  The  fifth  coii  is  set  symmetrically  about  the  origin  so  that  its  axis  may  rotate  in  the  x-y  plane 
about  a  spindle  in  the  z  axis.  Frequency  fa  is  fed  into  the  x  axis  coils  of  a  goniometer.  The  same  frequency, 

20  with  a  phase  shift  of  90°,  is  fed  into  the  /axis  coils  of  the  goniometer  and  the  two  fields  produced  by  the  two 
pairs  of  coils  combine  to  generate  a  single  field  rotating  at  frequency  fa.  The  search  coil  of  the  goniometer 
is  rotated  in  the  direction  of  the  rotating  field  at  a  rotational  speed  equal  to  the  required  difference  between 
fa  and  fb.  This  action  produces  a  phase  lag  of  one  cycle  per  rotation  of  the  fifth  coil  to  give  an  output 
frequency  fb  at  the  terminals  of  the  fifth  coil.  Control  of  this  frequency  adjustment  is  exercised  by  a  control 

25  centre  100  (Figure  8).  Figure  8  also  shows  transmitting  stations  A  B,  C  and  D,  frequency  locking  paths  101, 
102,  103,  monitoring  control  paths  104,  105,  106,  107,  108,  and  communications  channel  109.  Channel  109 
carries  system  data  from  the  control  centre  100  to  transmitting  station  C,  where  it  is  transmitted  to  a  craft 
110  at  the  same  time  as  station  C  transmits  its  hyperbolic  frequency  fc. 

As  mentioned  above,  track  guidance  information  is  provided  by  the  static  lattice  shown  in  dash  lines  20 
30  in  Figure  2,  produced  by  the  synchronised  signals  from  a  pair  of  fixed  transmitting  stations  C  and  D.  The 

signals  from  the  transmitting  station  C  are  used  to  control  the  frequency  contained  in  the  signals  from  the 
transmitting  station  D  so  that  the  signals  from  station  D  have  a  predetermined  set  phase  relationship  to  the 
signals  from  station  C.  Points  at  which  the  phase  difference  between  signals  received  from  stations  C  and  D 
is  the  same  line  on  a  hyperbola  20,  with  respective  hyperbolae  for  respective  phase  differences.  Thus,  as 

35  the  base  line  AB  is  also  a  hyperbola  of  the  C  and  D  transmitting  stations,  then  a  craft  tracking  on  the  line/45 
will  experience  the  same  phases  from  C  and  D  wherever  it  is  on  the  line  AB.  Thus  it  will  know  it  is  on  track. 
Straight  tracks  may  be  produced,  in  one  of  two  ways,  according  to  the  circumstances  of  each  case.  In  one 
arrangement,  the  two  transmitting  stations  C  and  D  are  sited  on  a  base  line  which  is  bisected  by  the  track. 
This  track  coincides  with  the  central  dashed  line  20a.  Alternatively  (Figure  3),  transmitting  stations  C  and  D 

40  are  sited  so  that  the  asymptotic  part  18  of  a  chosen  hyperbola  20  is  aligned  with  the  desired  track  (dot/dash 
line  AB).  When  a  curved  track  is  to  be  followed  by  the  craft,  and  the  track  approximates  closely  to  a 
hyperbolic  curve,  curves  of  constant  phase  difference  for  track  guidance  are  generated  by  siting  the  C  and  D 
transmitting  stations  assymetricaily  to  the  track  (dot/dash  line  17)  as  seen  in  Figure  4.  When  the  track  is  not 
a  hyperbola  craft  may  compute  the  track  from  the  fixed  lattices  produced  by  CD  and  AC  or  AD. 

45  In  practice,  craft  are  unable  to  follow  the  moving  positions  of  constant  phase  difference  precisely  under 
all  circumstances.  Therefore,  tolerances  are  allowed  along  the  track  and  to  the  left  and  right  of  the  track. 
Each  area  thus  created  within  the  bounds  of  the  tolerances  may  be  referred  to  as  a  slot  and  is  symmetrically 
disposed  about  the  moving  position  or  slot  datum  point  on  which  it  is  based.  The  size  of  the  slot  is  made 
sufficient  to  accommodate  known  relevant  errors  in  the  system  in  addition  to  errors  arising  in  signal 

so  translation  and  response  by  the  craft. 
Equipment  on  the  craft  will  now  be  described  with  reference  to  Figure  5. 
In  the  craft  there  is  one  or  more  aerial  systems  or  sensors  29  feeding  signals  to  a  receiver  and 

comparator  30.  The  signals  arise  from  transmitting  stations  A  B,  Cand  D  together  with  a  communications 
frequency  and  are  filtered  into  respective  receivers/amplifiers  324,  325,  32C,  320  and  32COM  and  thence  to 

55  demodulators  33A  —  D  and  33COM.  The  demodulated  signals  from  33,4—0  are  fed  to  one  or  more  of  phase 
comparators  34,  35,  36  in  the  pattern  shown.  Comparator  34  is  involved  with  resolving  a  craft  navigational 
fix  (and  hence  takes  signals  from  33/4,  33C  and  330).  Comparator  35  is  involved  with  track  guidance  (and 
hence  takes  signals  from  33C  and  330)  and  comparator  36  is  involved  with  the  location  of  the  moving 
position  (slot)  and  its  speed  along  the  track  (and  hence  takes  signals  from  33A  and  335). 

60  The  initial  tuning  data  for  the  tuner  amplifiers  32A  —  32COM  and  demodulators  33A  —  330  will  be 
injected  into  computer  31  using  keyboard  43  and  passed  to  324  —  32COM  over  line  48  and  to  33A  —  330  over 
line  49.  When  in  contact  with  the  control  centre  further  tuning  data  may  be  received  over  the 
communications  channel  32COM  and  33COM,  stored  in  computer  31  and  made  effective  as  required. 
Figure  5  shows  for  simplicity  the  demodulators  33A  —  D  and  comparators  34,  35  and  36  required  to  work  in 

65  conjunction  with,  i.e.  derive  data  from,  their  respective  lattice  or  lattices  to  determine  craft  speed,  track  and 

6 
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position  fixes.  The  processing  facilities  tor  use  witn  coarse  ana  Tine  lattices  are  noi  snuwn.  i  ne  uunipuLei  o  i 
has  a  craft  heading  input  unit  51. 

The  slot  comparator  36  compares  the  phase  of  the  signal  received  from  transmitting  station  A  with  that 
from  transmitting  station  B  and  produces  a  voltage  output  signal  proportional  to  the  phase  difference  (Vs 

5  volts).  This  is  digitised  and  fed  to  the  computer  31  along  a  line  37  for  comparison  with  stored  values  of  slot 
datum  volts,  slot  front  limit  volts  and  slot  rear  limit  volts.  So  long  as  the  craft  (22  in  Figure  2)  is  operated  so 
that  the  Vs  volts  lies  within  the  band  defined  by  the  front  and  rear  limit  volts  then  the  craft  can  be  confined 
within  a  slot  indicated  by  the  lines  60  of  Figure  2  which  define  the  front  and  rear  limits  of  the  slot. 

At  the  same  time  (and  in  a  comparable  manner  to  that  described  for  the  comparison  of  the  phase  of 
o  signals  from  stations  A  and  B)  the  phases  of  signals  from  stations  C  and  D  are  compared  in  track 

comparator  35  to  give  a  signal  (Vr  volts).  This  is  digitised  and  fed  to  computer  31  along  a  line  38  and 
compared  with  stored  values  of  track  datum  volts,  track  port  limit  volts  and  track  starboard  limit  volts.  Thus 
the  craft  can  also  be  confined  within  a  slot  indicated  by  the  lines  61  of  Figure  2.  Lines  61  coupled  with  lines 
60  uniquely  define  an  exclusive  shaded  area  62  for  the  craft  which  is  moving  towards  station  B  on  the  track 

'5  AB  at  a  velocity  locked  to  the  velocity  of  movement  of  the  line  21a. 
The  computer  31  has  a  first  output  40  feeding  a  display  41  giving  the  position  of  the  craft  22  in  relation 

to  the  slot  (shaded  area  62  in  Figure  2)  and  a  position  fix  in  hyperbolic  or  geographical  coordinates  related 

to  the  fixed  lattice  produced  by  stations  C,  D,  and  a  fixed  lattice  produced  by  stations  A,  C  or  A,  D.  At  the 

same  time  the  display  can  include  advice  and  instructions  received  from  the  control  centre  100  via  the 

>o  receiver  (32COM),  demodulator  (33COM),  and  computer  31  .  The  keyboard  43  allows  matters  on  the  display, 
if  acceptable,  to  be  keyed  into  the  computer  31  which  then  accepts  them  and  directs  a  craft  automatic 
control  unit  44  via  a  second  computer  outlet  45  to  keep  the  craft  in  the  shaded  area  62.  A  third  outlet  46  from 
the  the  computer  allows  the  craft  to  signal  periodically  to  a  control  centre  to  report,  via  a  transmitter  47,  the 
position  of  the  craft  in  the  system,  for  example,  its  position  in  its  slot  defined  area  62,  and  also  preferably  to 

>5  report  such  matters  as  geographical  or  other  coordinates  together  with  lateral,  axial  and  vertical  errors 
from  datum  points  and  a  warning  in  the  event  of  departure  from  said  datum  points  or  other  deviant 
situation  such  as  if  the  craft  moves  outside  area  62.  Acceptance  or  other  messages  which  the  captain  of  the 
craft  wishes  to  send  to  the  control  centre  may  also  pass  through  outlet  46. 

The  slot  datum  points  and  hence  the  slots  themselves  can  be  set  at  intervals  in  space  or  intervals  in 
10  time  by  inserting  into  the  computers  31  of  successive  craft  in  a  stream  appropriate  values  of  slot  datum 

volts  The  computers  31,  in  conjunction  with  their  slot  phase  comparators  36  and  craft  control  unit  44  will 
set  the  craft  on  respective  hyperbolae  21  each  having  its  own  slot  at  a  minimum  interval  from  adjacent  slots 

on  other  hyperbolae  for  safety  purposes.  Any  change  in  the  slot  interval  will  also  require  corresponding 
changes  in  the  voltage  values  for  the  front  and  rear  limits  of  slots. 

35  When  one  track  section  crosses  another,  the  separation  between  the  slots  on  each  track  can  be 
arranged  so  that  the  respective  traffic  on  each  track  crosses  in  the  gaps  between  the  slots  on  the  other  track. 

The  separation  between  adjacent  hyperbolae  21  expands  as  they  get  further  from  the  base  line  AB.  The 
expansion  effect  at  each  point  in  a  hyperbolic  lattice  is  equal  to  the  cosecant  of  half  the  angle  2e  subtended 
at  the  point  by  the  positions  A  and  B.  When,  in  a  moving  lattice,  hyperbola  n  moves  a  short  distance  to  the 

40  position  of  hyperbola  n+1  the  expanded  distances  are  traversed  in  the  same  time  as  the  basic  separation 
distance  between  n  and  n+1  on  the  base  line  AB.  Consequently  the  speed  of  n  at  a  distance  from  the  base 
line  will  be  equal  to  the  speed  at  the  base  line  multiplied  by  cosecant  s.  The  locus  of  a  point  which  moves 
and  maintains  equal  values  of  2s  is  the  arc  of  a  circle  with  the  line  AB  as  its  chord.  Craft  on  tracks  1  0  and  18 
which  cross  these  loci  will  accelerate  or  decelerate  as  they  move  towards  areas  of  greater  or  smaller 

45  expansion.  This  effect  will  be  referred  to  as  the  Expansion  Effect  (£). 
The  Expansion  Effect  may  also  be  used  with  curved  tracks  to  produce  varying  speeds  and  in  some 

cases  constant  or  near  constant  speeds.  For  example,  if  the  curved  track  intersects  a  moving  hyperbola  at 
an  angle  9  the  speed  of  the  intersection  will  be  equal  to  the  velocity  of  the  moving  hyperbola  in  the 
direction  of  the  normal  Vh  divided  by  sine  0.  If  9  is  arranged  to  keep  Vh/sine  9  constant  the  intersection  will 

50  move  at  a  constant  s p e e d . . . . . . .  
Another  method  of  changing  craft  speed  along  the  track  is  to  manipulate  the  speed  of  the  moving 

lattice.  For  example,  when  a  single  craft  is  to  use  a  moving  lattice  at  one  time  the  speed  of  the  moving 
lattice  may  be  adjusted,  as  the  craft  proceeds,  to  produce  either  a  constant  or  variable  speed  along  straight 
or  curved  tracks  as  required.  This  facility  may  be  carried  to  the  ultimate  and  used  to  reduce  the  speed  of  a 

55  craft  to  zero  or  to  start  a  craft  from  rest  and  accelerate  it  to  a  working  or  cruising  speed:  it  could  be  applied 
for  example,  to  berth  a  ship.  A  further  application  might  be  to  counter  the  speed  variation  caused  by  the 
Expansion  Factor  on  an  aircraft  track  above  the  base  line  AB:  in  this  case  several  such  moving  lattices 
might  be  coordinated  for  use  by  a  number  of  aircraft  on  one  track.  This  method  uses  a  controlled  rate  of 

change  in  the  difference  between  fa  and  fb.  When  the  phase  difference  or  frequency  difference  increases, 
60  the  speed  of  movement  of  the  hyperbolic  pattern  increases:  and  the  converse  is  true.  In  fact,  if  the 

reduction  continues  until  the  two  frequencies  are  equal  the  hyperbolae  come  to  rest. 
In  the  methods  described,  all  lines  in  the  moving  hyperbolic  lattice  move  at  speeds  set  by  the  relevant 

control  centre.  They  have  identical  speeds  and  unchanging  set  intervals  along  the  base  line  10.  Away  from 
the  base  line  they  either  accelerate  and  increase  their  intervals  or  decelerate  and  converge  but  they  will 

65  never  travel  slower  or  become  closer  than  at  the  base  line.  Either  method  may  be  used  to  control  the 
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acceleration  and  deceleration  or  retardation  of  craft  in  order  to  provide  a  required  change  of  speed  or  to 
reduce  the  effects  of  lattice  magnification  factor  which  results  from  the  divergence  of  hyperbolae  to  the 
lattice. 

Craft  require  to  know  their  geographical  position  accurately  to  rendezvous  with  their  allotted  slot  in  the 
5  initial  stage  of  using  the  system.  They  also  need  to  be  aware  of  their  progress  along  the  track  as  their  slot 

proceeds.  Accurate  fixing  for  these  purposes  is  obtained  by  reference  to  frequencies  of  signals  from 
transmitting  stations  A  and  C  or  A  and  D.  The  phase  comparison  of  either  of  these  pairs  of  frequencies 
gives  a  stationary  hyperbolic  lattice  such  as  the  one  shown  (see  lines  120)  in  Figure  6.  The  track  in  Figure  6 
is  the  base  line  AB.  Thus  AC  or  AD  fixed  lattice  is  utilised  in  a  manner  now  described  by  referring  back  to 

10  Figure  5.  In  Figure  5  the  signals  from  transmitting  stations  A,  C  and  D  are  fed  from  their  respective 
demodulators  33  into  the  position  phase  comparator  34;  the  position  phase  comparator  34  compares  the 
appropriate  two  frequencies  of  their  respective  signals  and  produces  a  voltage  output  Vp  which  is  a 
function  of  the  angle  tj>  between  the  phases  of  the  two  signals.  The  digitised  value  Vp  is  fed  on  line  50  to  the 
computer  31,  which  determines  the  hyperbola  represented  by  this  phase  angle  and  computes  the 

15  intersection  of  that  hyperbola  with  the  current  track  represented  by  V?  from  comparator  35.  This  gives  a 
navigational  fix  and  such  fixes  are  used  to  monitor  progress  of  the  craft  along  the  track  and  to  navigate  to 
the  initial  rendezvous  with  the  allotted  slot  on  entry  to  the  system.  Thus  the  hyperbolae  of  Figure  6  are  used 
to  determine  the  instant  position  of  the  craft.  A  and  B  will  normally  be  outside  the  length  of  the  base  line 
used  as  track  and  the  lattice  in  Figure  6  produced  by  A  and  C  transmitting  stations  may  be  used  in 

20  conjunction  with  the  field  produced  by  the  stations  C  and  D  as  shown  in  Figure  2.  Craft  will  join  the  track  a 
short  distance  in  from  A  and  the  computer  can  fix  the  position  of  the  craft  by  use  of  the  AC  and  CD  fields 
and,  taking  a  heading  from  unit  51,  can  produce  a  course  to  the  joining  gate  to  rendezvous  with  the  slot 
allotted  by  the  control  centre.  In  doing  this  the  computer  will  be  receiving  the  slot  information  from  station 
A,  and  B  can  use  up  spare  time  if  necessary.  It  cannot  make  corrections  if  the  craft  is  late  in  starting  this 

25  approach  procedure. 
The  data  frequencies  used  to  produce  the  fixed  and  moving  hyperbolic  lattices  (Figure  2)  are  chosen  to 

accord  with  the  distance,  speed  and  resolution  factors  in  the  system  requirement.  When  the  system  uses 
radio  frequencies  compromise  when  faced  with  propagation  and  frequency  allocation  problems  may  be 
avoided  by  the  use  of  carrier  frequencies,  suitable  and  available  for  each  application,  on  which  data 

30  frequencies  and  communication  channels  can  be  multiplexed,  using  established  techniques. 
When  the  multiplexing  method  uses  frequency  division  channelling  techniques,  a  correction  factor 

may  be  applied  in  the  craft,  to  counter  any  significant  doppler  effect  on  the  channel  frequencies.  For  this 
purpose  the  channel  frequency  is  transmitted  on  the  carrier  frequency  and  the  received  version,  modified 
by  the  doppler  effect  of  the  speed  of  the  craft,  is  used  to  demodulate  the  hyperbolic  data  frequency  from  its 

35  channel. 
With  reference  to  Figure  9,  craft  pass  from  one  geographical  section  (X)  to  the  next  (Y)  through  a  transit 

gate  90,  at  which  point  the  respective  slots  of  the  two  adjacent  sections  overlap  for  a  suitable  distance  and 
time.  This  overlap  or  synchronisation  is  achieved  by  nominating  a  master  transmitting  station  in  the  chain 
of  sections  and  using  its  frequencies  as  the  initial  values  in  a  series  of  backward  references  along  the  chain 

40  of  sections.  These  references  and  necessary  actions  to  correct  errors  which  they  reveal  are  monitored  and 
actioned  by  computers  at  the  relevant  control  centre  100. 

Communications  are  provided  to  enable  the  control  centre  100  to  allocate  craft  to  slots,  monitor  the 
state  of  the  system  and  adjust  its  parameters  to  suit  changing  circumstances  and  requirements  within  its 
design  limits.  The  control  centre  100  sends  system  information  to  craft  under  control  using  a  data  channel 

45  which  is  multiplexed  on  the  carrier  frequency  of  one  of  the  transmitting  stations  A,  B,  C  or  D.  Craft  use  a 
separate  unidirectional  channel  to  transmit  to  the  control  centre  100  automatically  at  pre-arranged  intervals 
through  transmitter  47.  (Figure  5). 

The  computers  at  the  control  centre  100  have  functions  in  addition  to  those  already  mentioned,  for 
example,  monitoring  the  phasing  of  the  signals  provided  by  the  A,  B,  C  and  D  stations  which  produce  the 

so  fixed  and  moving  phase  lattices.  They  store  and,  when  required,  display  all  relevant  data  about  craft  which 
are  to  come  under  control,  are  under  control  or  have  recently  been  under  control.  They  store  and  display 
data  required  to  enable  controllers  to  allocate  craft  to  appropriate  slots  at  suitable  heights  or  tracks.  The 
computers  receive,  store  and  transmit  all  messages  between  control  centre  and  craft,  ensuring  that  they 
are  transmitted  in  the  proper  sequence.  They  are  required  to  give  information  and  options  to  controllers  to 

55  facilitate  the  control  task  —  not  to  usurp  the  job  of  making  decisions. 
A  system  according  to  the  invention  could  be  used  by  craft  not  fitted  to  use  the  hyperbolic  navigation 

elements  of  the  invention  or  when  operating  outside  the  range  of  those  elements,  subject  to  possession  by 
craft  of  compatible  communications  and  computing  systems  with  alternative  navigation  equipment.  In 
these  cases  the  control  centre  would  generate  dynamically  in  the  computer  the  moving  positions  and 

60  dimensions  of  the  train  of  slots  moving  along  the  track  with  the  required  speed  and  intervals.  Craft  would 
be  given  initial  position  and  time  datum  with  speed,  reporting  period,  slot  dimensions  and  identity.  The 
craft  computer  would  use  data  from  its  alternative  navigation  equipment  and  report  as  when  working  with 
the  hyperbolic  navigation  equipment.  Craft  would  be  distinguished  in  the  record,  at  the  control  centre, 
according  to  their  particular  navigation  equipment  in  use. 

65  One  application  of  the  invention  could  be  to  provide  moving  positions  for  aircraft  along  the  track  of  a 
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controlled  airway.  The  system  could  define  tracks  and  proviae  moving  lanices  10  conuuci  diiuidu  di 
different  speeds,  one  speed  and  one  direction  for  each  height  or  flight  level,  some  out  along  the  track  and 
others  in  the  reverse  direction.  The  recording  and  coordination  of  the  controllers'  allocation  of  moving 
positions  to  aircraft  would  be  computer-assisted.  The  computer  would  also  regulate  the  automatic 

?  communication  with  all  aircraft  in  turn  after  initial  action  by  controllers  and  adjust  the  system  to 
accommodate  changing  wind  speeds  and  other  environmental  factors.  The  computer  would  display  to  the 
controller  excessive  departure  of  aircraft  from  their  slot  datum  positions,  other  unusual  arisings  and 

messages  from  aircraft  captains.  _  . 
The  system  would  provide  the  moving  lattices  by  VHF,  UHF  or  SHF  transmissions  over  quasi  visual 

o  paths  or  by  LF,  MF  or  HF  transmissions  within  the  limits  imposed  by  ionospheric  reflection.  Greater 
distances  could  be  covered  by  satellite  transmissions.  In  this  latter  case  transmissions  from  the  A  and  B 
stations  would  be  transmitted  from  the  ground  and  relayed  to  aircraft  via  a  pair  of  satellites  each  of  which  is 
associated  with  a  ground  station;  the  doppler  change  caused  by  satellite  perturbation  and  resultant  drift 
would  be  monitored  and  countered  by  frequency  adjustments  to  the  transmissions  sent  from  the  ground 

s  by  stations  A  and  B.  The  track  length  of  the  "AB"  moving  lattices  would  normally  be  restricted  by  the  need 
to  allow  for  different  wind  speeds  along  the  track  and  the  possible  need  in  some  instances  to  take  account 
of  the  speed  variation  caused  by  the  lattice  expansion  effect  E. 

The  system  would  normally  define  the  track  with  the  straight  centreline  of  a  static  hyperbolic  lattice 
such  as  produced  by  transmissions  from  the  C  and  D  stations  as  shown  in  Figure  2.  The  moving  lattices  for 

'°  defining  positions  on  the  track  and  speeds  would  be  provided  by  transmissions  from  stations  A  and  B 
which  would  be  sited  upstream  and  downstream  of  the  traffic  respectively.  They  would  transmit  signals  at 
frequencies  to  produce  a  moving  hyperbolic  lattice  and  could  provide  additional  lattices  moving  at  different 
speeds  by  transmitting  additional  signals  of  other  frequencies  from  transmitting  station  B  suitably 
multiplexed  on  to  a  single  carrier  frequency  transmission  from  station  B.  Further,  lattices  moving  in  the 

'5  reverse  direction  could  be  produced.  Each  lattice  could  be  used  over  a  single  track  at  one  or  more  heights 
but  at  any  one  height  the  use  of  more  than  one  lattice  would  require  rigorous  coordination  to  ensure  safety. 

The  flight  path  would  be  displaced  above  the  straight  line  joining  A  and  B  and  would  therefore  be 
subject  to  the  expansion  effect  E  so  that  the  speed  of  the  lattice  would  be  greater  as  distance  from  the 

(0  midpoint  of  the  base  line  between  transmitters  increased.  The  usable  length  of  the  base  line  (e.g.  AB  in 
Figure  2)  would  depend  on  the  geometry  of  the  system  and  the  speed  variation  tolerable.by  the  aircraft.  As 
an  example,  if  the  distance  AB  was  160  km  (100  miles)  and  the  height  of  the  flight  path  21,000  ft.,  a  speed 
variation  less  than  ±2.5%  would  be  obtained  over  86%  of  the  distance  AB.  A  succession  of  moving  lattice 
systems  may  be  linked  and  synchronised  in  a  chain  to  provide  continuous  moving  position  facilities  over 

?5  an  extended  length  of  track.  In  this  event  it  might  be  necessary  for  the  effective  area  of  each  moving  lattice 
to  overlap  the  adjacent  one  to  provide  continuous  speed  regulation,  without  interruption,  along  the  whole 
trsck 

Aircraft  would  need  means  of  position  fixing  related  to  the  system  for  the  purposes  of  navigating  to  the 
initial  entry  gate  when  first  joining  the  system  and  for  measuring  their  progress  along  the  track  whilst  using 

40  the  system:  this  latter  function  would  be  needed  to  anticipate  and  monitor  transfer  to  successive  track 
sections,  course  changes  and  departure  from  the  system  for  example.  For  these  fixes,  the  transmission 
from  station  A  would  be  compared  with  that  from  stations  C  or  D  to  produce  a  second  static  hyperbolic 
lattice  and  position  fixes  obtained  by  using  this  lattice  in  conjunction  with  the  CD  static  lattice  used  for  the 
track.  The  choice  of  transmissions  from  stations  C  and  D  for  comparison  with  those  of  station  A  would  be 

45  made  according  to  which  of  these  would  produce  the  lattice  to  cut  the  "CD"  lattice  nearest  to  90°.  Aircraft 
would  be  fitted  with  equipment  of  the  type  shown  in  Figure  5.  The  aircraft  captain  would,  either  prior  to 
take-off  or  whilst  approaching  the  system  in  the  air,  obtain  permission  to  join  the  system  and  pass  his 
aircraft  details  and  flight  plan  to  the  System  Controller.  The  System  Controller  would  reply  with  the  system 
channel  frequencies  and  data  to  initiate  setting  up  the  appropriate  system  in  the  aircraft,  an  example  of 

so  which  is  illustrated  by  Figure  5,  and  then  pass  over  the  system  communications  channel  details,  such  as 
height,  wind  speed  and  direction,  slot  speed,  rendezvous  position  and  time,  slot  allocation  identity  and 
automatic  communications  data.  These  particulars  would  be  shown  on  the  display  41.  When  the  captain 
has  accepted  these  details,  they  would  be  entered  into  the  computer  31  to  become  effective  and  the  errors 
from  the  datum  point  of  the  allocated  slot  would  be  displayed  together  with  the  aircraft  position  in  either 

55  hyperbolic  or  geographical  coordinates.  Navigation  to  the  rendezvous  would  proceed  with  assistance  from 
the  system,  but  not  necessarily  under  the  control  of  the  system.  The  aircraft  would  enter  the  rendezvous 
area  at  the  allocated  height  and  be  manoeuvred  to  take  up  position  in  the  allocated  slot  with  the 
appropriate  speed  and  heading.  At  this  stage  the  computer  output  could  be  switched  to  the  aircraft  control 
system  to  enable  automatic  following  of  the  slot  at  the  allotted  speed  along  the  track  or,  alternatively,  the 

60  aircraft  could  be  flown  through  manual  adjustments  to  the  aircraft  automatic  flight  installation  with 
reference  to  the  subject  system.  In  this  mode  the  system  would  measure  errors  in  aircraft  position  relative 
to  the  allocated  slot  datum  both  laterally  and  longitudinally  and  produce  the  requisite  visual  and  electronic 
outputs  to  initiate  the  application  of  corrective  action  to  aircraft  heading  and  speed.  Concurrently,  the 
aircraft  system  equipment  would  refer  to  the  "AC  or  "AD"  lattice  (Figure  6)  and  the  "CD"  (Figure  4)  lattice 

65  to  produce  position  fixes  in  hyperbolic  or  geographical  coordinates  to  monitor  progress  along  this  track. 
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If  it  were  intended  to  continue  on  the  track  into  the  region  of  a  second  moving  lattice,  the  data  relevant 
to  the  second  lattice  would  be  obtained  and  entered  into  the  computer  31  prior  to  reaching  a  nominated 
position  before  the  point  of  changeover  to  the  second  track  section.  This  action  would  enable  the  computer 
31  to  sample  the  transmissions  for  the  second  track  section.  This  sampling  might  be  done  on  a 

s  time-division  basis  with  one  set  of  receivers  or,  alternatively,  a  multiple  set  of  receivers  might  be  carried  to 
sample  both  sets  of  transmissions  concurrently.  In  either  case,  the  computer  31  would  display  the 
respective  position  errors  relative  to  slot  (1)  in  track  section  1  and  slot  (2)  in  track  section  2  to  assist  in 
achieving  a  smooth  transition  to  section  2. 

10  The  departure  from  section  1  and  joining  of  section  2  would  be  notified  to  the  System  Controller  via  the 
Control  Computer  on  the  ground  over  the  automatic  communication  channel.  In  fact  this  would  be  one  of 
the  series  of  regular  automatic  transmissions  made  from  the  aircraft  during  the  period  beginning  at  a  point 
in  the  pre-joining  procedure  and  extending  until  clearance  from  the  system  after  using  one  or  more  track 
sections. 

JS  The  function  and  operation  of  the  whole  system  would  be  executed  by  one  or  more  System  Controllers 
assisted  by  a  no-break  computer  system  with  the  following  functions  for  example:  — 

a.  Receive  and  use  relevant  weather  and  environmental  data. 
b.  Assess  and  display  to  Controller  for  acceptance  the  setting  and  changing  of  speeds  for  each  height, 

with  reference  to  traffic  requirements,  adjacent  sectors  and  controls  an  weather  factors. 
20  c.  Calculate  slot  separation,  to  coordinate  aircraft  transfer  between  sections,  on  basis  of  speeds 

allocated  and  weather  factors. 
d.  Determine  settings  for  frequencies  of  transmissions  from  station  B  for  each  direction  along  the  track. 

Note  that  the  frequencies  of  the  A  C  and  D  transmitting  stations  are  fixed.  Monitor  maintenance  of  allotted 
frequencies  and  switch  to  standby  equipment  when  necessary. 

2S  e.  Determine  slot  data  and  boundaries  for  transmission  to  aircraft. 
f.  Receive  and  store  aircraft  flight  plans  with  relevant  aircraft  data  and  aircraft  communications  data. 
g.  Advise  allocation  of  slots  on  VDU  (Visual  Display  Units);  record  actual  allocation  made  by  the 

Controller. 
h.  Allot  automatic  communication  identification  and  time  periods  to  aircraft. 

30  i.  Monitor  aircraft  positions,  position  errors  and  untoward  events.  Transmit  warnings  to  aircraft  and 
Controller  as  appropriate.  Monitor  all  aircraft  IN  and  OUT  of  the  system, 

j.  Conduct  auto  communication  with  aircraft, 
k.  Display  selected  information  on  demand. 
I.  Display,  on  demand,  all  unallocated  and  unoccupied  slots. 

3S  m.  Display,  on  demand,  emergency  lanes,  slots,  channels  and  procedures. 
The  System  Controller  would  have  communication  with  aircraft  through  the  computer  on  the 

automatic  channel  and  on  voice  direct.  He  would  have  communications  facilities  with  adjacent  system 
controllers,  airfield  controllers  and  system  engineer  staff  and  would  receive  routine  and  specific  met 
information. 

40  A  second  application  with  some  resemblance  to  the  airway  system  would  involve  the  control  of  marine 
vessels  through  a  waterway  and  could  require  transmitters  to  be  mounted  on  static  floating  platforms.  In 
this  arrangement,  the  changing  tide  race  would  also  require  to  be  monitored  and  used  in  calculating  the 
speeds  of  the  moving  lattices.  The  system  would  enable  the  moving  positions  of  craft  to  be  maintained  on 
tracks  with  required  separation  from  other  craft  and  their  positions  to  be  known  by  control  without  danger 

45  of  radar  mis-identification.  In  an  area  such  as  the  English  Channel,  for  example,  through  traffic  could  be 
coordinated  with  cross-flow  ferry  traffic  by  interlinking  their  respective  moving  lattice  transmissions  so  that 
the  craft  in  each  stream  passed  in  the  gaps  of  the  other  stream. 

In  a  third  application  the  rate  of  change  of  phase  of  a  transmission  from  B  station  may  be  increased,  as 
stated  above,  to  speed  up  the  movement  of  the  "AB"  lattice  or  reduced  to  give  a  diminishing  speed.  The 

so  system  may  apply  this  effect  to  conduct  craft  from  or  to  a  berth  or  other  point  at  which  they  may  have 
stopped  or  be  required  to  stop. 

In  this  application,  among  others,  control  of  the  slot  and  hence  effectively  of  the  craft,  may  be  exercised 
either  from  the  control  centre  or  transferred  to  the  craft  and  exercised  via  the  communications  channel. 

In  another  application,  the  system  may  be  operative  in  liquids.  Thus  the  movement  and  positions  of 
55  submersible  and  submarine  craft  and  devices  may  be  controlled  in  water  in  both  the  horizontal  and  vertical 

planes. 
The  system  may  also  have  application  in  liquids  other  than  water.  For  example,  the  control  of  devices 

in  an  oil  environment. 
The  transmitting  stations  may  be  fixed  to  earth  or  be  carried  by  other  reference  points  such  as  an  earth 

60  satellite  or  ship. 
If  controlled  movement  or  navigation  is  to  be  aided  in  more  than  one  dimension,  for  example  vertically 

or  laterally  or  both,  the  two  pairs  of  transmitters  may  be  supplemented  by  additional  pairs  to  provide 
further  fixed  or  moving  lattices  as  required. 

Such  an  arrangement  is  shown  in  Figure  10  wherein  an  additional  pair  of  transmitting  stations  E  and  F 
65  is  provided.  Stations  A  and  B  controlyertical  movement,  by  employing  a  movable  lattice,  whereas  stations 

45 
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C  and  D,  and  stations  E  and  F  employ  fixed  lattices  so  as  to  provide  guidance  in  vertical  pianes  wmon 
traverse  each  other. 
Claims 

>  1.  A  craft  navigational  aid  apparatus  having 
—  a  plurality  of  pairs  of  spaced  signal  transmitting  stations  (A,  B;  C,  D;  A,  C;  A,  D)  which  pairs  are 

arranged  to  generate  a  corresponding  number  of  hyperbolic  lattices  intersecting  each  other,  for  assisting  a 
craft  with  signal  receiving  and  processing  means  (29,  30,  31)  mounted  on  said  craft  and  arranged  to 
determine  the  difference  in  phase  between  the  two  signals  received  from  each  pair,  characterised  in  that 

0  —the  plurality  of  pairs  of  signal  transmitting  stations  is  so  arranged  that  at  least  one  of  the  lattices  is 
moving  relative  to  the  other  lattices  which  are  fixed  in  respect  of  their  associated  transmitting  stations. 

2.  Apparatus  as  claimed  in  Claim  1,  characterised  in  that  it  includes  an  additional  pair  (£,  F)  of  signal 
transmitting  stations  whereby  at  least  one  additional  fixed  lattice  is  provided  so  that  aid  may  be  given  to  a 
craft  in  at  least  two  dimensions. 

5  3.  Apparatus  as  claimed  in  Claim  1  or  2,  characterised  in  that  signals  from  the  signal  transmitting 
stations  are  propagated  by  modulation  of  carrier  frequencies. 

4.  Apparatus  as  claimed  in  Claim  3,  characterised  in  that  a  fixed  control  centre  (100)  is  provided  to  send 
system  information  to  craft  (110)  being  aided,  employing  a  data  communications  channel  (109)  which  is 
multiplexed  on  the  carrier  frequency  of  one  of  the  transmitting  stations  (C). 

>o  5.  Apparatus  as  claimed  in  Claim  4,  characterised  in  that  it  has  two  moving  lattices  (21  -X,  21  -Y)  which 
overlap,  and  in  that  the  control  centre  (100)  is  arranged  to  control  the  movement  of  craft  (22)  from  one 
lattice  (21-X)  to  the  other  lattice  (21  -Y)  where  they  overlap. 

6.  Apparatus  as  claimed  in  Claim  4,  characterised  in  that  the  speed  of  the  moving  lattice  (20)  is  variable 
so  that  a  craft  (22)  can  be  taken  through  a  stage  of  speed  change  which  may  include  a  change  to,  through, 

?5  or  from  zero  speed,  and  control  is  exercised  from  the  control  centre  (100). 
7.  A  craft  navigational  aid  system  having 
—  a  plurality  of  pairs  of  spaced  signal  transmitting  stations  (A,  B;  C,  D;  E,  F)  which  pairs  are  arranged  to 

generate  a  corresponding  number  of  hyperbolic  lattices  intersecting  each  other, 
—  signal  receiving  and  processing  means  (29,  30,  31)  mounted  on  said  craft  (22)  and  arranged  to 

jo  determine  the  difference  in  phase  between  the  two  signals  received  from  each  pair,  characterised  in  that 
—  the  plurality  of  pairs  of  signal  transmitting  stations  is  so  arranged  that  at  least  one  (21)  of  the  lattices 

is  moving  relative  to  the  other  lattices  (20)  which  are  fixed  in  respect  of  their  associated  transmitting 
stations. 

8.  A  system  according  to  Claim  7,  characterised  in  that  it  is  provided  with  two  pairs  of  signal 
35  transmitting  stations,  one  pair  (C,  D)  providing  a  fixed  hyperbolic  lattice  (20)  and  the  other  (A,  B)  providing 

an  intersecting  moving  hyperbolic  lattice  (21),  the  signal  receiving  and  processing  means  (29,  30,  31) 
mounted  on  the  craft  (22)  being  arranged  to  determine,  in  response  to  the  fixed  lattice  (20),  the  track  (10)  of 
the  associated  craft,  and,  in  response  to  the  moving  lattice  (21)  for  its  position  and  speed  on  that  track, 
which  speed  is  substantially  the  same  as  the  speed  of  the  moving  lattice. 

40  9.  A  system  according  to  Claim  8,  characterised  in  that  it  includes  two  pairs  of  signal  transmitting 
stations  arranged  to  generate  two  fixed  lattices  and  in  that  the  signal  receiving  and  processing  means  is 
arranged  to  determine  the  instant  position  of  the  craft  from  the  two  fixed  lattices. 

10.  A  system  as  claimed  in  any  one  of  Claims  7  to  9,  characterised  in  that  a  fixed  control  centre  (100)  is 
provided  to  send  system  information  to  craft  being  aided  and  in  that  the  craft  is  provided  with  means  (31, 

45  47)  for  automatically  communicating  with  the  control  centre  (100)  periodically  to  report  on  the  position  of 
craft,  using  geographical  or  other  coordinates  together  with  lateral,  axial,  and,  where  appropriate,  vertical 
errors  from  datum  points  and  a  warning  in  the  event  of  departure  from  said  datum  points  or  other  deviant 
situation. 

11.  A  system  as  claimed  in  any  one  of  Claims  7  to  10,  characterised  in  that  the  signal  receiving  and 
so  processing  means  is  arranged  to  compute  a  track  from  fixed  lattices  (provided  by  C-D,  and  A-C  or  A-D). 

12.  A  system  as  claimed  in  any  one  of  Claims  7  to  11,  characterised  in  that  the  signal  receiving  and 
processing  means  is  provided  with:  — 

(a)  a  first  phase  comparator  (34)  for  resolving  craft  navigational  fix  from  the  received  signals; 
(b)  a  second  phase  comparator  (35)  for  resolving  track  guidance;  and 

55  (c)  a  third  phase  comparator  (36)  for  resolving  craft  position  and  speed  on  its  track. 
13.  A  system  as  claimed  in  any  one  of  Claims  7  to  12,  characterised  in  that  the  speed  of  the  moving 

lattice  (20)  is  variable  so  what  a  craft  can  be  taken  through  a  stage  of  speed  change  which  may  include  a 
change  to,  through,  or  from  zero  speed,  and  control  is  exercised  from  the  craft. 

14.  Use  of  a  system  as  claimed  in  any  one  of  Claims  7  to  1  3  for  controlling  a  stream  of  craft  so  that  data 

60  derived  on  the  craft  from  the  signal  transmitting  stations  (A,  B)  is  locked  to  a  common  time  reference 
whereby  craft  in  the  stream  are  maintained  at  regulated  intervals  (71,  72,  73,  74)  with  respect  to  each  other. 

Patentanspruche 
1.  Navigations-Hilfsvorrichtung  fur  Fahrzeuge  mit 

65  einer  Vielzahl  von  Paaren  von  im  Abstand  angeordneten  Signal-Sendestationen  (A,  B;  C,  D;  A,  C;  A,  D), 
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bei  dem  die  Paare  so  angeordnet  sind,  daS  eine  entsprechende  Zahl  sich  einander  schneidender 
hyperbelformiger  Gitter  erzeugt  wird,  zum  Unterstutzen  eines  Fahrzeuges  mit  Signalempfangs-  und 
-verarbeitungsmitteln  (29,  30,  31),  die  an  dem  Fahrzeug  befestigt  und  angeordnet  sind,  urn  die 
Phasendifferenz  zwischen  den  zwei  Signalen,  die  von  jedem  Paar  empfangen  werden,  zu  bestimmen, 

s  dadurch  gekennzeichnet,  da(S 
die  Vielzahl  von  Paaren  von  Signal-Sendestationen  so  angeordnet  ist,  dalS  sich  mindestens  eines  der 

Gitter  relativ  zu  den  anderen  Gittern,  die  in  bezug  auf  ihre  zugehorigen  Sendestationen  festgelegt  sind, 
bewegt. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  daG  sie  ein  zusatzliches  Paar  (E,  F)  von 
io  Signal-Sendestationen  aufweist,  wodurch  mindestens  ein  zusatzliches  festgelegtes  Gitter  geschaffen  ist,  so 

daS  das  Fahrzeug  in  mindestens  zwei  Dimensionen  unterstiitzt  werden  kann. 
3.  Vorrichtung  nach  Anspruch  1  Oder  2,  dadurch  gekennzeichnet,  da(5  Signale  der  Signal-Sende- 

stationen  uber  eine  Modulation  von  Tragerfrequenzen  ausgebreitet  werden. 
4.  Vorrichtung  nach  Anspruch  3,  dadurch  gekennzeichnet,  da(S  ein  festgelegtes  Kontrollzentrum  (100) 

15  vorgesehen  ist,  urn  Systeminformation  an  das  zu  unterstiitzende  Fahrzeug  (110)  zu  senden,  wobei  ein 
Datenubertragungssignal  (109)  eingesetzt  wird,  der  im  Multiplexverfahren  auf  die  Tragerfrequenz  einerder 
Sendestationen  (C)  aufgebracht  wird. 

5.  Vorrichtung  nach  Anspruch  4,  dadurch  gekennzeichnet,  daB  zwei  sich  iiberlappende  bewegte  Gitter 
(21-X,  21-Y)  vorhanden  sind  und  daB  das  Kontrollzentrum  (100)  zum  Uberwachen  der  Bewegung  des 

io  Fahrzeugs  (22)  von  einem  Gitter  (21-X)  zu  dem  anderen  Gitter  (21-Y),  wo  sie  uberlappen,  angeordnet  ist. 
6.  Vorrichtung  nach  Anspruch  4,  dadurch  gekennzeichnet,  daB  die  Geschwindigkeit  des  bewegten 

Gitters  (20)  variabel  ist,  so  dafc  ein  Fahrzeug  (22)  durch  eine  Stufe  eines  Geschwindigkeitswechsels 
gebracht  werden  kann,  der  einen  Wechsel  zu,  durch  oder  von  einer  Geschwindigkeit  Null  beinhalten  kann, 
und  da(S  eine  Steuerung  von  dem  Kontrollzentrum  (100)  ausgeubt  wird. 

25  7.  Navigations-Hilfssystem  fur  Fahrzeuge  mit 
—  einer  Vielzahl  von  Paaren  von  im  Abstand  voneinander  angeordneten  Signal-Sendestationen  (A,  B; 

C,  D;  E,  F),  wobei  die  Paare  zum  Erzeugen  einer  entsprechenden  Anzahl  einander  schneidender 
hyperbelformiger  Gitter  angeordnet  sind, 

—  Signalempfangs-  und  -verarbeitungsmitteln  (29,  30,  31),  die  auf  dem  Fahrzeug  (22)  befestigt  und 
30  angeordnet  sind,  urn  die  Phasendifferenz  zwischen  den  zwei,  von  jedem  Paar  empfangenen  Signalen  zu 

bestimmen,  dadurch  gekennzeichnet,  dalS 
—  die  Vielzahl  der  Paare  von  Signal-Sendestationen  so  angeordnet  ist,  daft  mindestens  eines  (21  )  der 

Gitter  sich  relativ  zu  den  anderen  Gittern  (20)  bewegt,  die  in  bezug  auf  ihre  zugehorigen  Sendestationen 

35  festgelegt  sind. 
8.  System  nach  Anspruch  7,  dadurch  gekennzeichnet,  das  mit  zwei  Paaren  von  Signal-Sendestationen 

versehen,  wobei  ein  Paar  (C,  D)  ein  festgelegtes  hyperbelformiges  Gitter  (20)  schafft  und  das  andere  (A,  B) 
ein  dieses  schneidendes  bewegtes  hyperbelformiges  Gitter  (21),  die  Signalempfangs-  und  -verarbeitung- 
mittel  (29,  30,  31),  die  an  dem  Fahrzeug  (22)  befestigt  sind,  so  angeordnet  sind,  dalS  ansprechend  auf  das 

„  festgelegte  Gitte  (20)  die  Bahn  (10)  des  zugehorigen  Fahrzeuges,  und,  ansprechend  auf  das  bewegte  Gitter 
(21)  dessen  Lage  und  Geschwindigkeit  auf  dieser  Bahn  bestimmt  werden  konnen,  wobei  die 
Geschwindigkeit  im  wesentlichen  der  Geschwindigkeit  des  bewegten  Gitters  entspricht. 

9.  System  nach  Anspruch  8,  dadurch  gekennzeichnet,  dalS  es  zwei  Paare  Signal-Sendestationen 
aufweist,  die  angeordnet  sind,  urn  zwei  festgelegte  Gitter  zu  erzeugen  und  da(S  die  Signalempfangs-  und 

45  -verarbeitungsmittel  angeordnet  sind,  urn  die  augenblickliche  Position  des  Fahrzeuges  von  den  zwei 
festgelegten  Gittern  zu  bestimmen. 

10.  System  nach  einem  der  Anspruche  7  bis  9,  dadurch  gekennzeichnet,  dafS  ein  festgelegtes 
Kontrollzentrum  (100)  vorgesehen  ist,  urn  Systeminformation  zu  einem  zu  unterstiitzenden  Fahrzeug  zu 
senden,  und  dalS  das  Fahrzeug  mit  Mitteln  (31,  47)  fur  eine  automatische  Kommunikation  mit  dem 
Kontrollzentrum  (100)  versehen  ist,  wobei  periodisch  die  Position  des  Fahrzeuges,  und  Verwendung 
geographischer  oder  anderer  Koordinaten  zusammen  mit  Langs-,  Axial-  und  gegebenenfalls 
Vertikalfehlern  in  bezug  auf  Bezugspunkte  gemeldet  werden  und  im  Falle  einer  Abweichung  von  den 
Bezugspunkten  oder  anderen  abweichenden  Situationen  eine  Warnung  gegeben  wird. 

11.  System  nach  einem  der  Anspruche  7  bis  10,  dadurch  gekennzeichnet,  dalS  die  Signalempfangs-  und 
55  -verarbeitungsmittel  zum  Berechnen  einer  Bahn  ausgehend  von  festgelegten  Gittern  (die  gegeben  sind 

durch  C-D.  und  A-C  oder  A-D)  vorgesehen  sind. 
12.  System  nach  einem  der  Anspruche  7  bis  11,  dadurch  gekennzeichnet,  da(S  die  Signalempfangs-  und 

-verarbeitungsmittel  versehen  sind  mit: 
(a)  einen  ersten  Phasengleichheitsprufer  (34),  um  die  Standortbestimmung  des  Fahrzeuges  von  den 

60  empfangenen  Signalen  zu  trennen; 
(b)  einen  zweiten  Phasengleichheitsprufer  (35),  um  die  Bahnftihrung  aufzulosen;  und 
(c)  einen  dritten  Phasengleichheitsprufer  (36)  zum  Auflosen  der  Position  des  Fahrzeuges  und  der 

Geschwindigkeit  auf  seiner  Bahn. 
13.  System  nach  einem  der  Anspruche  7  bis  12,  dadurch  gekennzeichnet,  dalS  die  Geschwindigkeit  des 

65  bewegten  Gitter  (20)  variabel  ist,  so  daS  ein  Fahrzeug  durch  eine  Stufe  einer  Geschwindigkeitsanderung 
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gebracht  werden  kann,  die  eine  Anderung  zu,  durch  oder  von  einer  bescnwinaigKert  i\un  enxnaixen  wnn, 
wobei  die  Steuerung  von  dem  Fahrzeug  ausgeubt  wird. 

14  Verwendung  eines  Systems  nach  einem  der  Anspruche  7  bis  13  zum  Steuern  eines  Stromesweges 
eines  Fahrzeuges  so,  dalS  auf  dem  Fahrzeug  abgeleitete,  von  der  Signal-Sendestation  (A,  B)  stammende 

»  Daten  einer  gemeinsamen  Zeitreferenz  ausgeschaltet  werden,  wodurch  Fahrzeuge  in  dem  Stromungsweg 
in  geregelten  Abstanden  (71,  72,  73,  74)  zueinander  gehalten  werden. 

Revendications 

o  1  Un  appareil  d'assistance  a  la  navigation  d'un  mobile  ayant  une  pluralite  de  couples  (A,  B;  C,  D;  A,  C; 
A  D)  de  stations  espacees  transmettant  un  signal,  lesquels  couples  sont  disposes  pour  former  chacun  un 
nombre  correspondant  de  reseaux  hyperboliques  se  coupant  mutuellement  pour  assister  un  mobile  equipe 
de  moyens  de  reception  et  de  traitement  de  signaux  (29,  30,  31)  monies  sur  ledit  mobile  et  agences  pour 
determiner  la  difference  de  phase  entre  les  deux  signaux  recus  au  depart  de  chaque  couple,  caracterise  en 

5  ce  que  la  pluralite  de  couples  de  stations  de  transmission  de  signaux  est  disposee  de  telle  sorte  qu  au 
moins  un  des  reseaux  soit  mobile  par  rapport  aux  autres  reseaux  qui  sont  fixes  par  rapport  aux  stations  de 
transmission  qui  leur  sont  a s s o c i e e s . .  

2  Appareil  selon  la  revendication  1,  caracterise  en  ce  qu'il  comporte  un  couple  supplementaire  (E,  r) 
de  stations  de  transmission  de  signaux  permettant  de  realiser  au  moins  un  reseau  supplementaire  fixe  de 

o  maniere  que  I'on  puisse  donner  une  assistance  a  un  mobile  selon  au  moins  deux  dimensions. 
3.  Appareil  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  les  signaux  des  stations  de  transmission 

sont  transmis  par  modulation  des  frequences  porteuses. 

4  Un  appareil  selon  la  revendication  3,  caracterise  en  ce  qu'un  centre  fixe  de  controle  (100)  est  prevu 
pour"envoyer  des  informations  du  systeme  au  mobile  assiste  (110)  en  employant  un  canal  de 

5  communication  de  donnees  (109)  dont  on  effectue  le  multiplexage  sur  la  frequence  porteuse  de  I  une  des 

stations  de  transmission  (C).  ,  Y. 
5  Appareil  selon  la  revendication  4,  caracterise  en  ce  qu'il  comporte  deux  reseaux  mobiles  (21-X,  21-Y) 

qui  se  superposent  et  en  ce  que  le  centre  de  controle  (100)  est  agence  pour  commander  le  deplacement  du 

,„  mobile  (22)  d'un  reseau  (21-X)  a  I'autre  reseau  (21-Y)  a  I'endroit  ou  ils  se  superposent 
0  6  Appareil  selon  la  revendication  4,  caracterise  en  ce  que  la  vitesse  du  reseau  mobile  (20)  est  variable 

de  sorte  qu'on  puisse  assister  un  mobile  (22)  lors  d'une  etape  de  variation  de  vitesse  en  allant  vers  zero,  en 

y  passant  ou  a  partir  d'une  vitesse  nulle,  et  en  ce  que  la  commande  est  realisee  a  partir  du  centre  de 

controle  (100). 
7  Un  svsteme  d'assistance  a  la  navigation  d'un  mobile  comportant: 
-   une  pluralite  de  couples  de  stations  espacees  de  transmission  (A,  B;  C,  D;  E,  F)  qui  sont  susceptibles 

de  former  chacun  un  nombre  correspondant  de  reseaux  hyperboliques  se  coupant  mutuellement; 
—  des  moyens  (29,  30,  31)  de  reception  et  de  traitement  de  signaux  embarques  sur  ledit  mobile  (22)  et 

susceptibles  de  determiner  la  difference  de  phase  entre  les  deux  signaux  recus  de  chaque  couple, 

m  caracterise  en  ce  que  la  pluralite  de  couples  de  stations  de  transmission  de  signaux  est  agencee  de  maniere 

qu'au  moins  I'un  (21)  des  reseaux  soit  mobile  par  rapport  aux  autres  (20)  qui  sont  fixes  par  rapport  aux 
stations  de  transmission  qui  leur  sont  associees. 

8.  Un  systeme  selon  la  revendication  7,  caracterise  en  ce  qu'il  comporte  deux  couples  de  stations  de 
transmission  de  signaux,  I'un  (C,  D)  donnant  un  reseau  fixe  d'hyperboles  (20)  et  I'autre  (A,  B)  donnant  un 

(5  reseau  mobile  (21)  d'hyperboles  coupant  le  premier  reseau,  les  moyens  (29,  30,  31)  de  reception  et  de 
traitement  de  signaux,  embarques  sur  le  mobile  (22)  etant  agences  pour  determiner,  en  reponse  au  reseau 
fixe  (20),  la  trajectoire  (10)  du  mobile  associe,  et  pour  determiner,  en  reponse  au  reseau  mobile  (21),  la 
position  et  la  vitesse  sur  cette  trajectoire,  laquelle  vitesse  est  sensiblement  la  meme  que  la  vitesse  du 
reseau  mobile. 

50  9.  Un  systeme  selon  la  revendication  8,  caracterise  en  ce  qu'il  comporte  deux  couples  de  stations  de 
transmission  de  signaux,  susceptibles  de  produire  deux  reseaux  fixes  et  en  ce  que  le  moyen  de  reception  et 
de  traitement  de  signaux  est  agence  pour  determiner  la  position  instantanee  du  mobile  a  partir  des  deux 
reseaux  fixes. 

10.  Un  systeme  selon  I'une  quelconque  des  revendications  7  a  9,  caracterise  en  ce  qu'un  centre  fixe  de 
55  controle  (100)  est  prevu  pour  envoyer  des  informations  de  systeme  au  mobile  assiste  et  en  ce  que  ce 

dernier  dispose  de  moyens  (37,  47)  pour  entrer  automatiquement  et  periodiquement  en  communication 
avec  le  centre  de  controle  (100)  pour  fournir  un  rapport  donnant  la  position  du  mobile,  en  utilisant  des 
coordonnees  geographiques  ou  d'autres  coordonnees  et  en  donnant  aussi  les  erreurs  laterales  axiales  et,  si 
necessaire,  verticales  par  rapport  aux  points  de  date  et  un  message  d'avertissement  en  cas  de  depart  par 

60  rapport  auxdits  points  de  date  ou  de  tout  autre  situation  deviante. 
11.  Un  systeme  selon  I'une  quelconque  des  revendications  7  a  10,  caracterise  en  ce  que  les  moyens  de 

reception  et  de  traitement  de  signaux  sont  agences  pour  calculer  une  trajectoire  a  partir  de  reseaux  fixes 
(fournis  par  C-D  et  A-C  ou  A-D). 

12.  Un  systeme  selon  I'une  quelconque  des  revendications  7  a  11,  caracterise  en  ce  que  les  moyens  de 
65  reception  et  de  traitement  de  signaux  comportent: 
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(a)  un  premier  comparateur  de  phase  (34)  pour  resoudre  la  position  de  croisiere  du  mobile  a  partir  des 
signaux  regus; 

(b)  un  second  comparateur  de  phase  (35)  pour  resoudre  des  donnees  d'orientation  de  la  trajectoire; 
(c)  un  troisieme  comparateur  de  phase  (36)  pour  resoudre  la  position  du  mobile  et  sa  vitesse  sur  sa 

s  trajectoire. 
13.  Un  systeme  selon  I'une  quelconque  des  revendications  7  a  12,  caracterise  en  ce  que  la  vitesse  du 

reseau  mobile  (20)  peut  varier  de  sorte  que  Ton  puisse  assister  un  mobile  au  cours  d'une  variation  de 
vitesse  qui  varie  en  allant  vers  zero,  en  y  passant  ou  a  partir  d'une  vitesse  nulle,  le  controle  se  faisant  a 
partir  du  mobile. 

10  14.  Utilisation  d'un  systeme  tel  que  celui  revendique  dans  I'une  quelconque  des  revendications  7  a  13, 
pour  assurer  le  controle  d'un  flux  de  mobiles  de  sorte  que  les  donnees  derivees  des  mobiles  a  partir  des 
signaux  emis  pour  les  stations  de  transmission  (A,  B)  soient  bloques  sur  une  reference  de  temps  commune 
pour  laquelle  la  valeur  de  la  donnee  est  bloquee  de  maniere  que  les  mobiles  du  flux  soient  maintenus  a  des 
intervailes  reguliers  (71,  72,  73,  74)  I'un  par  rapport  a  I'autre. 
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