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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  generally  relates  to  a  system  for 
enabling  an  aircraft  ground  proximity  warning  sys- 
tem  when  an  aircraft  is  on  a  final  approach  and, 
more  particularly,  to  a  system  for  providing  an 
enabling  envelope  when  an  aircraft  is  on  a  final 
approach  to  an  airport  without  the  use  of  a  flap 
position  input  signal. 

2.  Description  of  the  Prior  Art 

Various  systems  are  known  that  provide  warn- 
ing  or  advisory  indications  in  the  event  of  haz- 
ardous  flight  conditions.  Among  such  systems  are 
systems  generally  known  as  ground  proximity 
warning  systems  for  aircraft  that  serve  to  monitor 
the  flight  conditions  of  an  aircraft  and  provide  a 
warning  if  flight  conditions  are  such  that  an  inadver- 
tent  contact  with  the  ground  is  imminent.  Among 
the  flight  conditions  monitored  by  such  systems 
are  radio  altitude  and  rate,  barometric  altitude  and 
rate,  airspeed  and  flap  and  gear  positions.  The 
aforementioned  parameters  are  monitored  and  an 
advisory  indication  or  warning  is  generated  when 
the  relationship  between  the  aforementioned  con- 
ditions  or  parameters  are  such  that  a  ground  im- 
pact  is  likely  to  occur.  Typical  examples  of  such 
systems  are  disclosed  in  United  States  Patent  Nos 
3,715,718;  3,936,796;  3,958,218;  3,944,968; 
3,947,808;  3,947,810;  3,934,221;  3,958,219; 
3,925,751;  3,934,222;  4,060,793;  4,030,065; 
4,215,334;  4,319,218,  all  assigned  to  the  same  as- 
signee  as  the  assignee  of  the  present  invention. 

The  above-described  systems  provide  an  advi- 
sory  warning  in  the  event  of  a  hazardous  flight 
condition.  However,  in  optimizing  the  design  of  the 
warning  criteria,  it  is  difficult  to  arrive  at  warning 
criteria  suitable  for  all  phases  of  flight.  In  particular, 
it  is  desirable  to  alter  the  warning  criteria  in  certain 
situations,  such  as,  during  a  final  approach  phase, 
to  reduce  nuisance  warnings.  Several  prior  art  sys- 
tems  utilize  signals  representative  of  aircraft  con- 
figuration  to  control  the  alteration  of  the  warning 
criteria  when  the  aircraft  is  on  a  final  approach. 

In  such  configuration  responsive  systems,  sig- 
nals,  such  as,  flap  and  gear  position,  are  used  to 
represent  that  an  aircraft  is  on  a  final  approach  to 
an  airport.  In  such  systems,  a  40°  flap  position 
was  used  to  indicate  that  the  aircraft  was  on  a  final 
approach  to  an  airport.  The  40°  flap  setting  was 
used  because  it  was  a  unique  flap  setting  that  was 
only  used  when  an  aircraft  was  on  a  final  approach. 
However,  certain  newer  aircraft  now  use  a  20  °  flap 

70 

setting  during  the  final  approach,  a  setting  that  may 
be  used  during  various  phases  of  flight  and  not  just 
final  approach.  This  precludes  the  use  of  a  flap 
position  signal  as  an  indication  that  the  aircraft  is 
on  a  final  approach,  because  there  is  no  way  of 
distinguishing  a  20°  flap  setting  used  on  final  ap- 
proach  from  a  20°  flap  setting  used  in  a  different 
phase  of  flight. 

THE  INVENTION 

The  invention  provides  a  warning  system  for  warn- 
ing  the  pilot  of  an  aircraft  of  a  hazardous  flight 
condition  comprising  one  or  more  warning  means 

75  each  including  a  warning  envelope  for  providing  a 
warning  as  a  function  of  predetermined  criteria; 

a  source  of  signals  identifying  geospatial  pa- 
rameters  relating  to  available  destination  airports; 
and 

20  means  for  identifying  the  location  of  the  aircraft 
relative  to  the  parameters  of  a  selected  destination 
airport; 

characterised  in  that 
the  geospatial  parameters  relating  to  the  avail- 

25  able  destination  airport  include,  for  each  airport,  a 
locus  of  all  points  on  the  surface  of  a  predeter- 
mined  3D  geometric  shape  the  shape  being  depen- 
dent  on  the  geometry  of  the  airport  and  on  a 
parameter  of  a  chosen  warning  envelope;  and 

30  the  warning  system  includes  enabling  means 
for  enabling  a  warning  means  depending  on  wheth- 
er  or  not  the  location  of  the  aircraft  falls  within  a 
space  defined  by  the  predetermined  3D  geometric 
shape. 

35  In  accordance  with  a  preferred  embodiment  of 
the  invention  a  system  is  disclosed  for  generating 
an  enabling  envelope  for  modifying  various  warning 
systems  when  an  aircraft  is  on  a  final  approach  to 
an  airport.  Specifically,  individual  airports,  together 

40  with  contiguous  terrain  topography,  are  modeled  by 
a  simple  geometric  shape,  such  as,  a  truncated 
inverted  cone,  defined  by  its  centerpoint  latitude 
and  longitude  coordinates,  a  radius  Ri  ,  which  is  the 
radius  of  the  smallest  circular  cross-section  of  the 

45  cone,  and  a  radius  R2  which  is  the  radius  of  the 
largest  circular  cross-section  of  the  cone.  The 
present  coordinates  of  the  aircraft  are  compared 
with  the  coordinates  for  each  airport  as  modeled  by 
the  cone.  The  system  locates  the  nearest  airport 

50  and  then  determines  the  distance  between  the  air- 
craft  and  the  airport.  When  the  aircraft  enters  the 
area  modeled  by  the  cone,  the  system  generates 
an  enabling  envelope  which  indicates  that  the  air- 
craft  is  on  a  final  approach  to  an  airport.  This  is 

55  achieved  without  the  use  of  a  substantial  amount  of 
memory  on  board  the  aircraft.  The  system  is  also 
capable  of  determining  the  alignment  of  the  aircraft 
with  respect  to  a  particular  runway  and  altering  the 
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enabling  envelope  accordingly. 

DESCRIPTION  OF  THE  DRAWING 

These  and  other  objects  and  advantages  of  the 
present  invention  will  become  readily  apparent 
upon  consideration  of  the  following  detailed  de- 
scription  and  attached  drawing,  wherein: 

FIG.  1  is  an  elevational  view  of  a  typical  airport 
showing  surrounding  terrain  topography; 
FIG.  2  is  a  perspective  view  of  an  inverted 
truncated  cone  used  to  model  an  airport  and 
surrounding  terrain  topography  in  accordance 
with  the  present  invention; 
FIG.  3  is  an  enabling  envelope  for  a  Mode  2 
warning  in  accordance  with  the  present  inven- 
tion; 
FIG.  4  is  a  functional  block  diagram  of  a  system 
for  providing  an  enabling  envelope  for  a  ground 
proximity  warning  system  in  accordance  with 
the  present  invention;  and 
FIG.  5  is  a  functional  block  diagram  of  a  system 
for  determining  the  alignment  of  the  aircraft  with 
respect  to  a  particular  runway  in  accordance 
with  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  DRAWING 

Referring  to  the  drawing,  and  in  particular  FIG. 
1  ,  there  is  illustrated  an  elevational  view  of  a  typical 
airport  with  the  topography  of  the  surrounding  ter- 
rain  shown.  For  various  airports  around  the  world, 
the  topography  of  the  terrain  surrounding  the  air- 
port  will  vary  substantially.  However,  as  will  be 
described  in  more  detail  below,  each  airport  and  its 
surrounding  topography  can  be  modeled  by  a  sim- 
ple  geometric  shape,  such  as,  an  inverted  trun- 
cated  cone.  The  system  in  accordance  with  the 
present  invention  determines  the  distance  of  the 
aircraft  from  the  geometric  shape  to  provide  an 
indication  when  the  aircraft  is  on  a  final  approach. 

The  cone  is  defined  by  the  latitude  and  lon- 
gitude  coordinates  of  its  centerpoint  and  the  radii 
Ri  and  R2.  Referring  to  FIG.  2,  the  radius  R1 
corresponds  to  the  radius  of  the  smallest  circular 
cross  section  of  the  cone  used  to  represent  the 
terrain  surrounding  the  airport.  The  radius  R2  cor- 
responds  to  the  radius  of  the  largest  circular  cross 
section  of  the  cone  used  to  represent  the  terrain 
surrounding  the  airport  that  may  contain  hazardous 
obstacles.  The  concentric  circles,  illustrated  in  FIG. 
2,  illustrate  an  important  feature  of  the  invention. 
They  illustrate  that  the  radii  R1  and  R2  are  selec- 
table.  Generally,  by  scaling  the  radii  R1  and  R2,  the 
contour  of  the  enabling  envelope  can  be  altered. 
This  aspect  of  the  invention  will  be  described  in 
more  detail  below.  It  should  be  understood  that  the 
invention  is  not  limited  to  an  inverted  truncated 

cone.  Other  geometric  shapes  could  also  be  used. 
FIG.  3  illustrates  an  enabling  envelope  for  a 

Mode  2  (Terrain  Closure)  warning  system.  Mode  2 
warnings  are  known  in  the  art  and  provide  an 

5  indication  to  the  pilot  of  an  aircraft  if  the  clearance 
between  the  terrain  and  the  aircraft  is  decreasing  at 
a  relatively  high  rate  as  a  function  of  the  aircraft's 
altitude  above  ground.  An  example  of  a  conven- 
tional  Mode  2  warning  system  is  disclosed  in  U.S. 

70  Patent  No.  3,958,219  to  Bateman  et  al,  which  is 
assigned  to  the  same  assignee  as  the  assignee  of 
the  present  invention. 

In  conventional  warning  systems,  the  warning 
criteria  may  be  altered  during  certain  phases  of 

75  flight,  such  as  a  final  approach  phase,  to  reduce  or 
eliminate  nuisance  warnings.  Certain  prior  art  warn- 
ing  systems  utilized  a  flap  position  signal  to  in- 
dicate  that  an  aircraft  was  on  a  final  approach  to  an 
airport.  However,  since  flap  position  is  no  longer 

20  unique  to  a  particular  phase  of  flight  for  certain 
newer  aircraft,  the  system  in  accordance  with  the 
present  invention  provides  an  envelope  for  enabling 
various  warning  systems  when  the  aircraft  is  in  a 
final  approach  phase  of  flight  without  using  flap  or 

25  gear  position  signals.  Whenever  the  aircraft  is  with- 
in  the  boundaries  of  the  envelope,  various  ground 
proximity  warning  systems,  such  as,  Mode  2  and 
Mode  4  warning  systems,  can  be  enabled. 

The  Mode  2  warning  envelope  is  shown  as  an 
30  example  only.  The  system  in  accordance  with  the 

present  invention  may  also  be  used  to  enable  other 
warning  modes  and  even  used  in  control  systems. 
Referring  to  FIG.  3,  line  6  represents  the  lower  limit 
of  an  enabling  envelope.  As  shown,  a  limit  of  400 

35  feet  is  shown  for  illustration  purposes;  however, 
other  limits  could  also  be  used.  The  lower  limit  is 
used  when  the  aircraft  is  within  a  circle  defined  by 
radius  R1  .  The  lines  2  represent  the  upper  limit  of 
the  warning  envelope  which,  for  example,  is  illus- 

40  trated  as  1650  feet.  The  upper  limit  is  applicable 
when  the  aircraft  is  at  a  distance  from  the  airport 
equal  to  or  greater  than  radius  R2.  When  the  air- 
craft  is  at  a  distance  from  the  airport  equal  to  or 
less  than  R2,  an  enabling  envelope  is  generated 

45  indicating  that  the  aircraft  is  on  its  final  approach. 
When  the  aircraft  is  within  the  circular  area  be- 
tween  R2  and  R1  ,  the  enabling  envelope  slopes  as 
shown  in  FIG.  3  and  is  a  function  of  the  distance  to 
R1  .  This  is  illustrated  by  the  lines  4.  By  scaling  the 

50  radii  R1  and  R2,  the  slope  can  be  altered. 
FIG.  4  is  a  functional  block  diagram  of  a  sys- 

tem  according  to  the  present  invention  for  deter- 
mining  whether  an  aircraft  is  on  a  final  approach  to 
an  airport  without  the  use  of  a  flap  position  signal. 

55  The  system  determines  the  distance  of  an  aircraft 
from  an  airport,  as  modeled  by  a  geometric  shape, 
such  as  an  inverted  truncated  cone,  for  the  pur- 
pose  of  providing  an  indication  that  an  aircraft  is  on 

3 
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a  final  approach  to  an  airport  without  utilizing  a  flap 
position  signal.  The  system  according  to  the  inven- 
tion  is  illustrated  as  a  series  of  functional  blocks  for 
the  purpose  of  clarity.  It  is  to  be  understood  that 
the  actual  implementation  of  the  system  may  be  by 
various  means. 

A  signal  representative  of  the  present  latitude 
and  longitude  of  the  aircraft  may  be  obtained  from 
the  aircraft  on-board  navigation  system  (not 
shown).  These  signals  are  applied  on  lines  12  and 
14  to  a  local  airport  search  routine  block  16  and 
also  to  summing  junctions  18  and  20,  respectively. 
The  function  of  the  local  airport  search  routine, 
block  16,  is  to  provide  the  coordinates  of  the  near- 
est  airport  to  the  aircraft  and  generate  a  signal 
representing  circles  of  radii  Ri  and  R2  for  that 
airport.  In  general,  this  is  done  by  comparing  the 
current  latitude  and  longitude  of  the  aircraft  with 
coordinates  for  the  various  airports  stored  on  board 
the  aircraft.  Such  a  system  is  described  in  detail  in 
U.S.  Patent  Application  Serial  No.  06/560,073  filed 
on  December  9,  1983,  assigned  to  the  same  as- 
signee  as  the  assignee  of  the  present  invention, 
which  is  hereby  incorporated  by  reference. 

Signals  representative  of  the  latitude  and  lon- 
gitude  of  the  nearest  airport  are  applied  to  the 
negative  inputs  of  the  summing  junctions  18  and 
20,  respectively.  The  output  of  the  summing  junc- 
tion  18  is  a  signal  Y,  which  represents  the  distance 
between  the  current  aircraft  latitude  and  the  latitude 
of  the  centerpoint  of  the  nearest  airport.  The  output 
of  the  summing  junction  20  is  a  signal  X,  which 
represents  the  distance  between  the  current  aircraft 
longitude  and  the  longitude  of  the  centerpoint  of 
the  nearest  airport.  This  distance  could  be  cor- 
rected  for  errors  induced  by  convergence  of  lon- 
gitude  as  the  aircraft  altitude  approaches  the  North 
or  South  Pole.  This  is  accomplished  by  using  a 
spherical  to  planar  transformation  23,  which  con- 
verts  differences  in  longitude  to  planar  distance  as 
a  function  of  latitude.  The  signals  X  and  Y  are 
individually  squared  by  devices  represented  by  the 
function  blocks  22  and  24  and  added  in  the  sum- 
ming  junction  26.  The  output  of  the  summing  junc- 
tion  26  is  a  signal  D2,  which  represents  the  sum  of 
the  squares  of  the  distances  between  the  current 
aircraft  longitude  and  latitude  and  the  longitude  and 
latitude  of  the  nearest  airport,  respectively.  The 
signal  D2  is  applied  to  a  square-root  device  28.  The 
output  of  the  square-root  device  28  is  a  signal  D, 
which  represents  the  square  root  of  the  sum  of  the 
squares  of  the  distance  between  the  current  aircraft 
coordinates  and  the  coordinates  of  the  nearest  air- 
port.  The  signal  D  is  applied  to  a  positive  input  of  a 
summing  junction  30.  A  signal  from  the  local  airport 
search  routine  function  block  16,  which  represents 
a  circle  of  radius  R1  of  the  inverted  truncated  cone 
used  to  model  the  airport  and  the  contiguous  ter- 

rain,  is  applied  to  a  negative  input  of  the  summing 
junction  30.  The  output  signal  from  the  summing 
junction  30  is  a  signal  identified  as  D-R1  ,  which 
represents  the  distance  between  the  aircraft  and 

5  the  circle  having  a  radius  R1  .  The  signal  D-R1  is 
applied  to  the  divider  36.  The  signal  R1  is  also 
applied  to  a  negative  input  of  a  summing  junction 
32  along  with  a  signal  representative  of  a  circle 
having  a  radius  R2,  which  is  also  obtained  from  the 

10  local  airport  search  routine  16.  The  output  of  the 
summing  junction  32  is  a  signal,  R2-R1,  which 
represents  the  distance  between  the  radii  R2  and 
R1  .  The  signal  R2-R1  is  applied  to  the  divider  36 
and  is  divided  into  the  signal  D-R1  .  Thus,  as  the 

15  aircraft  approaches  the  airport,  the  divider  36  pro- 
vides  a  signal  that  is  constantly  varying  as  a  func- 
tion  of  the  aircraft's  distance  to  the  airport.  The 
output  of  the  divider  36  represents  a  signal  as 
follows: 

20 
D  -  Ri 

R 2 - R 1  

25 
where 

D  =  the  distance  between  the  aircraft  and 
the  center  coordinates  of  the  nearest 
airport, 

30  Ri  =  the  radius  of  the  smallest  circular 
cross  section  of  the  cone  immediately 
surrounding  the  airport,  and 

R2  =  the  radius  of  the  largest  circular  cross 
section  of  the  cone  immediately  sur- 

35  rounding  the  airport. 
Accordingly,  when  D  is  less  than  or  equal  to 

R2,  the  aircraft  is  assumed  to  be  on  a  final  ap- 
proach.  This  signal  can  then  be  used  for  enabling 
various  warning  criteria.  Also,  as  an  aircraft  over- 

40  flies  an  airport,  the  envelope  can  also  be  used  to 
represent  that  the  aircraft  is  on  a  missed  approach 
phase  of  flight.  Moreover,  the  inventive  system  also 
solves  a  problem  associated  with  some  conven- 
tional  systems  which  utilize  a  landing  gear  configu- 

45  ration  signal  as  an  indication  that  an  aircraft  is  on  a 
final  approach.  In  certain  aircraft,  particularly  tacti- 
cal  aircraft,  the  landing  gear  configuration  does  not 
change  on  a  missed  approach  go-around  phase  of 
flight.  Accordingly,  in  such  aircraft,  there  would  be 

50  no  way  of  distinguishing  between  a  final  approach 
and  a  missed  approach  go-around  phase  of  flight. 
The  system  in  accordance  with  the  present  inven- 
tion  avoids  this  problem  because  it  does  not  rely 
on  flap  or  landing  gear  position  signals. 

55  The  output  signal  from  the  divider  36  may  be 
used  with  various  ground  proximity  warning  sys- 
tems  as  a  signal  to  indicate  when  an  aircraft  is  on  a 
final  or  missed  approach  phase  of  flight.  As  illus- 
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trated  in  FIGS.  3  and  4,  the  output  signal  from  the 
divider  36  is  shown  as  an  input  to  a  Mode  2 
(Terrain  Closure)  and  a  Mode  4  (Terrain  Clearance) 
warning  system.  However,  the  invention  is  not  limit- 
ed  to  such  use.  The  system  for  determining  when 
an  aircraft  is  on  a  final  or  missed  approach  without 
using  flap  or  landing  gear  position  signals  can  be 
used  in  virtually  any  warning  or  control  system 
where  such  a  signal  is  required.  When  used  in 
conjunction  with  a  Mode  2  and  Mode  4  warning 
system  as  shown,  the  output  of  the  divider  36  is 
applied  to  a  limiter  38  having  a  range  of  values 
between  zero  and  one.  The  output  signal  from  the 
limiter  38  is  applied  to  the  multipliers  40  for  use 
with  a  Mode  2  warning  system.  The  multiplier  40 
multiplies  the  signal  from  the  limiter  38  by  a  signal 
representative  of  1250  feet  of  radio  altitude.  This 
signal  is  applied  to  a  positive  input  of  a  summing 
junction  44  along  with  a  biasing  signal  representa- 
tive  of  400  feet  applied  to  another  positive  input  of 
the  summing  junction  44  to  provide  an  envelope  in 
which  a  Mode  2  warning  system  is  enabled.  Since 
the  output  of  the  limiter  38  can  vary  between  zero 
and  one  as  a  function  of  the  distance  that  the 
aircraft  is  from  the  airport,  the  boundary  of  the 
enabling  envelope,  as  represented  by  lines  4  and  6 
in  FIG.  3,  varies  between  400  and  1650  feet. 

Similarly,  the  output  of  the  limiter  38  may  be 
applied  to  a  multiplier  device  42,  which  multiplies 
the  signal  from  the  limiter  38  by  a  signal  repre- 
sentative  of  500  feet  of  radio  altitude  when  used 
with  a  Mode  4  warning  system.  Thus,  it  should  be 
apparent  that  an  apparatus  has  been  disclosed 
which  determines  the  distance  of  an  aircraft  from 
the  nearest  airport  and  provides  a  signal  represen- 
tating  that  an  aircraft  is  on  a  final  approach  without 
using  flap  or  landing  gear  position  signals.  This 
signal  can  then  be  used  as  an  input  to  various 
warning  and  control  systems  requiring  such  signal. 

In  accordance  with  another  important  feature  of 
the  present  invention,  a  system  is  disclosed  for 
determining  the  alignment  of  the  aircraft  with  a 
particular  runway  and  altering  the  enabling  enve- 
lope  heretofor  described  as  a  function  of  the  air- 
craft's  alignment  with  a  runway.  This  feature  is 
illustrated  in  FIG.  5.  The  signals  X,  Y,  which  are 
longitudinal  and  latitudinal  components,  respective- 
ly,  represent  the  distance  of  the  aircraft  from  the 
airport.  These  signals  X  and  Y  are  applied  to  a 
divider  46  (FIG.  5).  The  signals  X  and  Y  are  ob- 
tained  from  the  outputs  of  the  summing  junctions 
18  and  20  (FIG.  4).  The  output  quotient  signal  from 
the  divider  46  is,  in  turn,  applied  to  an  absolute 
value  device  47.  The  absolute  value  device  47 
generates  an  output  signal  which  is  always  positive. 
The  output  of  the  absolute  value  device  47  is 
applied  to  an  arctan  device  48,  which  provides  a 
signal  which  is  representative  of  the  angle  between 

a  line  segment  connecting  the  present  aircraft  posi- 
tion  and  the  centerpoint  coordinates  of  the  nearest 
airport  and  a  reference  datum.  The  output  from  the 
arctan  device  48  is  applied  to  a  positive  input  of  a 

5  summing  junction  50.  A  signal,  which  represents 
the  angle  that  the  runway  of  interest  makes  with  a 
datum,  is  applied  over  line  52  to  a  negative  input  of 
the  summing  junction  50.  The  output  of  the  sum- 
ming  junction  50  is  a  signal  representating  the 

io  angular  difference  between  the  present  relative  po- 
sition  of  the  aircraft  and  the  runway.  In  other  words, 
the  summing  junction  50  provides  a  signal  which  is 
representative  of  the  aircraft's  alignment  with  the 
particular  runway.  This  signal  can,  in  turn,  be  used 

is  to  allow  the  elongation  of  the  radii  Ri  and  R2  as  a 
function  of  the  alignment  of  the  aircraft  with  a 
particular  runway. 

The  elongation  function  is  accomplished  by  the 
multipliers  56,  60  and  62,  summing  junction  58  and 

20  the  absolute  value  device  54.  When  this  feature  is 
used  in  conjunction  with  a  Mode  2  warning  system, 
for  example,  as  shown  in  FIG.  3,  the  effect  is  to 
vary  the  slope  of  line  4  as  shown  in  FIG.  3. 
Generally  speaking,  the  slope  of  the  lines  4  is 

25  decreased  when  the  aircraft  is  in  alignment  with  a 
runway  and  increased  when  the  aircraft  is  not  in 
alignment  with  the  runway. 

In  particular,  the  output  of  the  summing  junc- 
tion  50  is  applied  to  an  absolute  value  device  54 

30  which  has  heretofore  been  described  as  a  device 
which  will  always  provide  a  positive  output  signal. 
The  output  of  the  absolute  value  device  54  is 
applied  to  a  multiplier  56.  A  scaling  factor  of  1/180 
for  the  multiplier  56  is  used.  However,  other  scaling 

35  factors  could  also  be  used.  The  output  signal  from 
the  multiplier  56  is  applied  to  a  negative  input  of  a 
summing  junction  58.  A  bias  signal  with  a  value  of 
one  is  applied  to  a  positive  input  of  the  summing 
junction  58.  Since  the  arctan  device  48  is  preceded 

40  by  an  absolute  value  device  41  ,  the  output  range  of 
signals  from  the  arctan  device  48  will  represent 
angles  between  a  0  0  and  90  0  .  Consequently,  the 
output  signal  from  the  multiplier  56  will  be  a  signal 
that  will  vary  between  0  and  1/2.  The  output  signal 

45  from  the  summing  junction  58  will  thus  result  in  a 
signal  with  a  range  of  values  between  1/2  and  one. 
The  output  signal  from  the  summing  junction  58  is, 
in  turn,  applied  to  multipliers  60  and  62  for  scaling 
the  initial  value  of  the  radii  Ri  and  R2. 

50  If  the  aircraft  is  in  alignment  or  close  to  being 
in  alignment  with  a  particular  runway,  the  signal 
applied  to  the  summing  junction  58  will  be  either 
zero  or  close  to  zero.  In  this  case,  the  output  of  the 
summing  junction  58  will  be  a  signal  with  a  value  of 

55  one.  Accordingly,  no  scaling  of  the  radii  will  result. 
Conversely,  when  the  aircraft  is  90°  out  of  align- 
ment  with  a  runway,  the  output  of  the  multiplier 
device  56  will  be  a  signal  with  a  value  of  1/2.  This 

5 
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will  result  in  an  output  signal  at  the  summing 
junction  58  with  a  value  of  1/2.  Thus,  when  an 
aircraft  is  out  of  alignment  with  a  runway,  the 
length  of  the  radii  Ri  and  R2  will  be  reduced 
resulting  in  larger  slope  of  line  4  (FIG.  3).  The 
larger  slope  results  from  the  shorter  distance  be- 
tween  the  400  feet  and  1650  feet  points  on  the 
warning  curve  illustrated  in  FIG.  3. 

The  above  described  system  can  be  utilized 
with  a  relatively  small  amount  of  additional  on- 
board  memory.  The  inverted  truncated  cone  is 
defined  by  the  latitude  and  longitude  coordinates  of 
the  centerpoint  thereof  and  by  radii  Ri  and  R2. 
Each  of  the  longitude  and  the  latitude  coordinates 
for  the  cone  can  be  stored  in  16  bits  each  for  a 
total  of  32  bits.  An  additional  8  bits  may  be  used  to 
provide  the  capability  of  allowing  Ri  and  R2  to  be 
selectable.  Thus,  a  total  of  40  bits  of  memory 
would  be  required  per  airport.  To  store  information 
for  4300  airports,  21.5  kilobytes  of  additional  on- 
board  memory  is  required  for  the  above-described 
system.  The  size  of  the  memory  can  be  increased 
or  decreased  depending  on  the  number  of  airports 
desired  to  be  stored  on-board  the  aircraft.  As  such, 
the  system  in  accordance  with  the  present  inven- 
tion  does  not  require  a  burdensome  and  unreason- 
able  amount  of  additional  on-board  memory. 

Claims 

1.  A  warning  system  for  warning  the  pilot  of  an 
aircraft  of  a  hazardous  flight  condition  compris- 
ing  one  or  more  warning  means  each  including 
a  warning  envelope  for  providing  a  warning  as 
a  function  of  predetermined  criteria; 

a  source  of  signals  identifying  geospatial 
parameters  relating  to  available  destination  air- 
ports;  and 

means  for  identifying  the  location  of  the 
aircraft  relative  to  the  parameters  of  a  selected 
destination  airport; 

characterised  in  that 
the  geospatial  parameters  relating  to  the 

available  destination  airport  include,  for  each 
airport,  a  locus  of  all  points  on  the  surface  of  a 
predetermined  3D  geometric  shape  the  shape 
being  dependent  on  the  geometry  of  the  air- 
port  and  on  a  parameter  of  a  chosen  warning 
envelope;  and 

the  warning  system  includes  enabling 
means  for  enabling  a  warning  means  depend- 
ing  on  whether  or  not  the  location  of  the  air- 
craft  falls  within  a  space  defined  by  the  pre- 
determined  3D  geometric  shape. 

2.  A  warning  system  according  to  claim  1  ,  further 
comprising  circuitry  for  automatically  selecting, 
as  the  selected  destination  airport,  the  airport 

currently  nearest  to  the  aircraft. 

3.  A  warning  system  according  to  claim  1  or 
claim  2,  wherein  the  geospatial  parameters  re- 

5  lating  to  the  available  destination  airports  fur- 
ther  include,  for  each  airport,  the  latitude  and 
longitude  of  a  centre  point  of  the  airport. 

4.  A  warning  system  according  to  claim  3, 
10  wherein  the  functional  criteria  of  the  enabling 

means  include  a  calculation  of  the  distance  of 
the  aircraft  from  the  centre  point  of  the  airport. 

5.  A  warning  system  according  to  any  preceding 
15  claim,  wherein  the  geometric  shape  is  an  in- 

verted  truncated  cone  having  a  minor  radius 
corresponding  to  the  periphery  of  the  airport  at 
ground  level  and  a  major  radius  corresponding 
to  a  final  approach  point  for  the  aircraft  landing 

20  approach  to  that  airport. 

6.  A  warning  system  according  to  claim  5, 
wherein  the  cone  angle  is  selected  to  ensure 
that  the  cone  surface  clears  any  hazardous 

25  obstacles  in  the  terrain  surrounding  the  airport. 

7.  A  warning  system  according  to  any  preceding 
claim,  wherein  the  geospatial  parameters  relat- 
ing  to  the  available  destination  airports  further 

30  include  signals  representative  of  the  angular 
headings  of  runways  of  the  airports,  and  fur- 
ther  comprising  means  for  altering  the  func- 
tional  criteria  of  the  warning  means  in  re- 
sponse  to  the  alignment  of  the  aircraft  heading 

35  with  a  runway  of  the  selected  airport. 

Patentanspruche 

1.  Warnsystem  zum  Warnen  des  Piloten  eines 
40  Flugzeuges  vor  einem  gefahrlichen  Flugzu- 

stand,  das  eine  oder  mehrere  Warneinrichtun- 
gen  aufweist,  von  denen  jede  beinhaltet:  eine 
Warnhullkurve  zum  Erzeugen  einer  Warnung 
als  Funktion  vorgegebener  Kriterien; 

45  eine  Signalquelle,  die  erdraumliche  Parameter 
bestimmt,  die  erreichbare  Zielflughafen  betref- 
fen;  und 
eine  Einrichtung  zum  Bestimmen  der  Position 
des  Flugzeugs  in  Bezug  zu  den  Parametern 

50  eines  ausgewahlten  Zielflughafens; 
dadurch  gekennzeichnet,  dal3 
die  erdraumlichen  Parameter,  die  den  erreich- 
baren  Zielflughafen  betreffen,  fur  jeden  Flugha- 
fen  eine  Ortskurve  aller  Punkte  auf  der  Ober- 

55  flache  einer  vorgegebenen  dreidimensionalen 
geometrischen  Form  mit  beinhalten,  wobei  die 
Form  von  der  Geometrie  des  Flughafens  und 
einem  Parameter  einer  gewahlten  Warnhullkur- 
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ve  abhangt,  und 
das  Warnsystem  eine  Freigabeeinrichtung  be- 
inhaltet  zum  Freigeben  einer  Warneinrichtung 
in  Abhangigkeit  davon,  ob  die  Position  des 
Flugzeugs  in  einen  durch  die  vorgegebene 
dreidimensionale  Form  definierten  Raum  fallt 
oder  nicht  fallt. 

2.  Warnsystem  nach  Anspruch  1  ,  das  ferner  eine 
automatische  Schaltungseinrichtung  aufweist, 
urn  automatisch  den  Flughafen  als  den  ge- 
wahlten  Zielflughafen  auszuwahlen,  der  dem 
Flugzeug  augenblicklich  am  nachsten  liegt. 

3.  Warnsystem  nach  Anspruch  1  oder  Anspruch 
2,  wobei  die  erdraumlichen  Parameter,  welche 
die  erreichbaren  Zielflughafen  betreffen,  ferner 
fur  jeden  Flughafen  die  geographische  Breite 
und  geographische  Lange  eines  Mittelpunktes 
des  Flughafens  mit  beinhalten. 

4.  Warmsystem  nach  Anspruch  3,  wobei  die 
funktionalen  Kriterien  der  Freigabeeinrichtung 
eine  Berechnung  des  Abstandes  des  Flug- 
zeugs  von  dem  Mittelpunkt  des  Flughafens  mit 
beinhalten. 

5.  Warmsystem  nach  einem  der  vorstehenden 
Anspruche,  wobei  die  geometrische  Form  ein 
umgedrehter  abgeschnittener  Kegel  ist,  der  ei- 
nen  kleineren  Radius  aufweist,  welcher  der  Pe- 
ripherie  des  Flughafens  auf  Bodenhohe  ent- 
spricht,  und  einen  groBeren  Radius,  der  einem 
Endanflugspunkt  fur  den  Flugzeuglandeanflug 
zu  diesem  Flughafen  entspricht. 

6.  Warnsystem  nach  Anspruch  5,  wobei  der  Ke- 
gelwinkel  gewahlt  wird,  urn  sicherzustellen, 
dal3  die  Kegeloberflache  von  alien  gefahrlichen 
Hindernissen  in  dem  Gelande  urn  den  Flugha- 
fen  herum  frei  ist. 

7.  Warnsystem  nach  einem  der  vorstehenden  An- 
spruche,  wobei  die  erdraumlichen  Parameter, 
welche  die  erreichbaren  Zielflughafen  betref- 
fen,  ferner  Signale  mit  beinhalten,  welche  die 
Anflugwinkel  der  Start-  und  Landebahnen  der 
Flughafen  darstellen,  und  das  ferner  eine  Ein- 
richtung  zum  Andern  der  funktionalen  Kriterien 
der  Warneinrichtung  als  Reaktion  auf  die  Aus- 
richtung  der  Flugzeugkurses  auf  eine  Start- 
und  Landebahn  des  gewahlten  Flughafen  ent- 
halt. 

Revendicatlons 

1.  Dispositif  avertisseur  pour  avertir  le  pilote  d'un 
aeronef  de  conditions  de  vol  perilleuses,  com- 

prenant: 
-  un  ou  plusieurs  moyens  avertisseurs, 

chacun  incluant  une  enveloppe  divertis- 
sement  pour  fournir  un  avertissement  en 

5  fonction  de  criteres  predetermines: 
-  une  source  de  signaux  identifiant  des 

parametres  geospatiaux  relatifs  aux  aero- 
ports  de  destination  disponibles;  et 

-  des  moyens  pour  identifier  la  localisation 
io  de  I'aeronef  par  rapport  aux  parametres 

d'un  aeroport  de  destination  selectionne; 
-  caracterise  en  ce  que: 
-  les  parametres  geospatiaux  relatifs  a 

I'aeroport  de  destination  disponible  in- 
15  cluent  pour  chaque  aeroport  le  lieu  geo- 

metrique  de  tous  les  points  de  la  surface 
d'une  forme  geometrique  predeterminee 
a  trois  dimensions,  la  forme  etant  depen- 
dante  de  la  geometrie  de  I'aeroport  et 

20  d'un  parametre  d'une  enveloppe  diver- 
tissement  choisie;  et 

-  le  systeme  avertisseur  inclut  un  moyen 
de  declenchement  pour  declencher  un 
moyen  avertisseur  selon  que  la  localisa- 

25  tion  de  I'aeronef  tombe  ou  ne  tombe  pas 
a  I'interieur  d'un  espace  defini  par  la 
forme  geometrique  predeterminee  a  trois 
dimensions. 

30  2.  Dispositif  avertisseur  selon  la  revendication  1, 
comprenant  de  plus  un  circuit  pour  selection- 
ner  automatiquement,  en  tant  qu'aeroport  de 
destination  selectionne,  I'aeroport  reellement  le 
plus  proche  de  I'aeronef. 

35 
3.  Dispositif  avertisseur  selon  la  revendication  1 

ou  la  revendication  2,  dans  lequel  les  parame- 
tres  geospatiaux  relatifs  aux  aeroports  de  des- 
tination  disponibles  incluent  de  plus,  pour  cha- 

40  que  aeroport  la  latitude  et  la  longitude  d'un 
point  central  de  I'aeroport. 

4.  Dispositif  avertisseur  selon  la  revendication  3, 
dans  lequel  les  criteres  de  fonctionnement  du 

45  moyen  de  declenchement  incluent  un  calcul 
de  la  distance  de  I'aeronef  par  rapport  au  point 
central  de  I'aeroport. 

5.  Dispositif  avertisseur  selon  I'une  quelconque 
50  des  revendications  precedentes,  dans  lequel  la 

forme  geometrique  est  un  tronc  de  cone  inver- 
se,  ayant  un  petit  rayon  correspondant  a  la 
peripherie  de  I'aeroport  au  niveau  du  sol,  et  un 
grand  rayon  correspondant  a  un  point  d'appro- 

55  che  finale  pour  I'approche  d'atterrissage  de 
I'aeronef  sur  cet  aeroport. 
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6.  Dispositif  avertisseur  selon  la  revendication  5, 
dans  lequel  Tangle  du  cone  est  selectionne 
pour  s'assurer  que  la  surface  du  cone  evite 
tous  les  obstacles  perilleux  sur  le  terrain  en- 
tourant  I'aeroport.  5 

7.  Dispositif  avertisseur  selon  I'une  quelconque 
des  revendications  precedentes,  dans  lequel 
les  parametres  geospatiaux  relatifs  aux  aero- 
ports  de  destination  disponibles  incluent  de  10 
plus  des  signaux  representatifs  des  caps  angu- 
laires  des  pistes  des  aeroports,  et  comprenant 
de  plus  des  moyens  pour  changer  les  criteres 
de  fonctionnement  du  moyen  avertisseur  en 
reponse  a  I'alignement  du  cap  de  I'aeronef  is 
avec  une  piste  de  I'aeroport  selectionne. 
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