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Direction-finding  antenna  system. 

©  In  a  direction-finding  antenna  system  comprising 
an  array  of  elements  (1-8)  mutually  spaced  in  at 
least  one  direction  and  feeder  means  for  forming 
sum  and  difference  radiation  patterns,  the  contribu- 
tion  of  outer  elements  (1,5;4,8)  lying  beyond  the 
phase  centres  of  the  sub-arrays  from  which  the  sum 
pattern  is  formed,  relative  to  the  contribution  of  inner 

r"  elements  (2,6;3,7),  is  less  to  the  difference  pattern 
^than  to  the  sum  pattern,  in  order  that  the  magnitude 
©of  the  difference  pattern  should  exceed  that  of  the 
^ s u m   pattern  except  in  the  region  of  the  central  null  in 
"""the  difference  pattern.  The  invention  is  particularly 
^applicable  to  a  curved  array  of  relatively  small  ap- 
JJerture,  such  as  an  IFF  array  mounted  on  a  parabolic 

radar  antenna  reflector  operating  at  a  much  higher 
O  frequency. 
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"DIRECTION-FINDING  ANTENNA  SYSTEM" 

The  invention  relates  to  a  direction-finding  an- 
tenna  system  comprising  an  array  of  antenna  ele- 
ments  mutually  spaced  in  at  least  one  direction 
and  further  comprising  feeder  means  for  forming  a 
sum  radiation  pattern  and  a  difference  radiation 
pattern  from  the  elements.  The  invention  relates 
particularly  but  not  exclusively  to  such  a  system 
wherein  the  array  is  curved  in  the  plane  including 
said  one  direction  and  the  axes  of  the  radiation 
patterns. 

Antenna  systems  as  set  forth  in  the  opening 
sentence  of  this  specification  are  well  known.  They 
may  be  used  in  so-called  monopuise  systems  for 
determining  the  direction  of  incidence  of  RF  sig- 
nals,  typically  microwave  signals,  in  arrangements 
which  compare  the  amplitudes  and/or  phases  of 
the  signals  respectively  received  with  the  sum  and 
difference  patterns.  In  such  an  arrangement,  it  may 
be  desirable  to  ensure  that  the  magnitude  of  the 
difference  pattern  should  exceed  that  of  the  sum 
pattern,  except  in  the  region  of  the  central  null  of 
the  difference  pattern,  when  the  magnitude  of  the 
sum  pattern  lies  within  a  specified  range  from  its 
peak  value.  This  may  not  be  especially  difficult  to 
achieve  with,  for  example,  a  large  array  which 
extends  over  many  wavelengths,  in  particular  one 
wherein  an  amplitude  distribution  which  is  not  uni- 
form  across  the  array  in  said  one  direction  can  be 
applied  to  the  contributions  of  the  elements  to  the 
sum  pattern.  However,  it  may  be  difficult  to  achieve 
in  certain  conditions,  for  example  with  a  relatively 
small  array  wherein  little  or  no  amplitude  tapering 
can  be  applied  to  the  sum  pattern  because  it  is 
necessary  to  maximise  the  gain  from  the  relatively 
few  elements  that  are  available. 

According  to  the  invention,  a  direction-finding 
antenna  system  as  set  forth  in  the  opening  sen- 
tence  of  this  specification  is  characterised  in  that 
the  contribution  of  outer  elements  which  with  re- 
spect  to  said  direction  lie  beyond  the  phase  cen- 
tres  of  the  sub-arrays  from  which  the  sum  pattern 
is  formed,  relative  to  the  contribution  of  inner  ele- 
ments  which  lie  at  or  between  said  phase  centres, 
is  less  to  the  difference  pattern  than  to  the  sum 
pattern. 

It  will  be  appreciated  that  whilst  the  term 
"contribution"  may  imply  use  of  the  array  for  re- 
ception,  the  array  may  additionally  or  alternatively 
be  used  for  transmission. 

Reducing  the  contributions  of  the  outer  ele- 
ments  to  the  difference  pattern  effectively  reduces 
spacing  between  the  phase  centres  of  the  sub- 
arrays  and  thus  makes  the  difference  pattern  less 
directional  than  if  the  outer  elements  made  the 
same  contribution  as  to  the  sum  pattern.  One  effect 

of  this  is  to  increase  the  angular  spacing  between 
the  peaks  of  the  difference  pattern  and  thus  tend  to 
raise  the  magnitude  of  the  difference  pattern  at 
angles  beyond  these  peaks.  A  suitable  reduction  in 

5  the  contribution  of  the  outer  elements  may  be 
determined  empirically.  (It  may  be  noted  that  an- 
other  effect  is  to  broaden  the  central  angular  range 
over  which  the  magnitude  of  the  sum  pattern  ex- 
ceeds  that  of  the  difference  pattern;  the  extent  of 

10  broadening  that  is  acceptable  may  vary  in  different 
applications.  A  suitable  compromise  between  this 
broadening  and  the  desired  raising  of  the  differ- 
ence  pattern  at  larger  angles  may  be  achievable 
empirically.) 

T5  In  a  particularly  simple  embodiment,  at  least 
one  outer  element  which  lies  beyond  the  phase 
centre  of  each  sub-array  makes  no  contribution  to 
the  difference  pattern. 

The  invention  may  be  particularly  suited  for 
20  embodiment  in  an  array  which  is  curved  in  the 

plane  including  said  one  direction  and  the  axes  of 
the  radiation  patterns;  in  such  an  array,  it  may 
otherwise  be  especially  difficult  to  obtain  a  dif- 
ference  pattern  with  the  desired  breadth.  Such  an 

25  array  may  be  one  wherein  the  elements  are  micro- 
strip  patch  radiators  supported  on  an  antenna  re- 
flector  which,  in  association  with  a  feed  radiator, 
operates  at  a  substantially  higher  frequency  than 
the  array:  the  array  may  then  have  a  relatively 

30  small  extent  in  said  direction  which,  as  indicated 
above,  may  also  make  it  particularly  difficult  to 
obtain  a  difference  pattern  with  sufficient  magni- 
tude  relative  to  the  sum  pattern.  An  example  of 
such  an  arrangement  is  an  IFF  (Identification  Friend 

35  or  Foe)  array  which  may  operate  in  L-band  at 
around  1  GHz  and  which  is  supported  on  the 
reflector  of  a  radar  antenna  operating,  for  example, 
in  X-band  at  around  9  GHz;  the  IFF  array  may  thus 
be  mechanically  scanned  together  with  the  radar 

40  antenna.  Whilst  the  aperture  of  the  radar  antenna 
may  typically  amount  to  many  wavelengths  at  the 
operating  frequency  of  the  radar  (e.g.  30 
wavelengths),  this  dimension  (within  which  the  IFF 
array  is  constrained  to  fit)  may  amount  to  only  a 

45  few  wavelengths  at  the  IFF  frequency. 
Embodiments  of  the  invention  will  now  be  de- 

scribed,  by  way  of  example,  with  reference  to  the 
diagrammatic  drawings,  in  which:- 

Figure  1  is  a  schematic  front  view  of  a  radar 
so  antenna  parabolic  reflector  supporting  a  direction- 

finding  array  of  microstrip  patch  antenna  elements; 
Figure  2  is  schematic  sectional  view  of  a  row 

of  microstrip  patches  and  the  supporting  reflector, 
also  depicting  the  feed  horn  of  the  radar  antenna; 
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Figure  3  is  a  schematic  diagram  of  a  feeder 
network  for  the  direction-finding  array; 

Figure  4  shows  measured  sum  and  differ- 
ence  radiation  patterns  for  a  constructed  embodi- 
ment,  and 

Figure  5  shows  a  modified  portion  of  the 
feeder  network. 

Figure  1  depicts  an  array  of  antenna  elements 
for  a  direction-finding  system  embodying  the  inven- 
tion.  The  elements  of  the  array  are  in  this  instance 
formed  as  eight  microstrip  patch  elements  1-8  and 
supported  on  a  parabolic  reflector  9  of  a  radar 
antenna.  The  microstrip  patch  radiators  are  ar- 
ranged  in  two  rows,  each  of  four  patches,  extend- 
ing  in  a  horizontal  direction;  two  rows  of  elements 
are  used  (rather  than  one)  to  increase  the  gain.  The 
reflector  is  curved  in  a  plane  including  the  axes  of 
the  sum  and  difference  radiation  patterns  of  the 
array  (i.e.  the  normal  to  the  plane  of  the  drawing) 
and  the  direction  of  extent  of  the  rows,  that  is  to 
say,  the  reflector  is  curved  in  a  horizontal  plane  (as 
drawn);  it  is  also  curved  in  a  vertical  plane.  The 
curvature  in  the  horizontal  plane  is  depicted  in 
Figure  2,  which  is  a  cross-section  on  the  line  ll-ll  in 
Figure  1  ;  for  simplicity,  only  one  row  of  elements  is 
shown.  Figure  2  also  shows  schematically  a  feed 
horn  radiator  10  operatively  associated  with  the 
reflector  9.  With  respect  to  the  horizontal  direction 
normal  to  the  axes  of  the  radiation  patterns,  there 
is  an  element  at  each  of  four  locations  mutually 
spaced  by  the  same  distance  D. 

As  shown  in  Figure  2,  each  of  the  patches 
comprises  a  thin  conductive  layer  11  which  forms 
the  radiator.  This  is  disposed  on  a  dielectric  layer 
12  which  in  turn  is  supported  on  the  reflector  9.  To 
provide  the  ground  plane  of  the  microstrip,  the 
reflector  may  be  of  conductive  material,  or  may  be 
of  dielectric  material  with  a  conductive  coating  on 
at  least  the  surface  facing  the  feed  radiatior  1  0.  In 
this  embodiment,  the  front  surface  of  the  dielectric 
layer  12  supporting  the  conductive  layer  11  of  each 
patch  element  is  planar  whilst  the  rear  surface 
conforms  to  the  curved  surface  of  the  reflector  9. 
As  a  result,  the  thickness  of  the  patch  element,  i.e. 
the  spacing  between  the  conductive  layer  11  and 
the  ground  plane  provided  by  the  reflector  9,  varies 
across  the  patch:  this  increases  the  bandwidth  of 
the  patch  antenna  element,  which  is  advantageous 
for  transmission  and  reception  at  different  respec- 
tive  frequencies. 

To  form  a  sum  radiation  pattern,  the  whole 
array  of  eight  elements  is  used.  The  eight  elements 
may  be  considered  as  forming  two  sub-arrays, 
comprising  elements  1,  2,  5,  6  and  3,  4,  7,  8 
respectively,  on  opposite  sides  of  the  phase  centre 
13  of  the  whole  array.  As  will  be  mentioned  again 
with  reference  to  Figure  3,  the  feeder  network  of 
this  embodiment  comprises  phase  delays  for  the 

outermost  elements  of  the  array  so  that,  with  re- 
spect  to  transmission  or  reception  at  an  angle 
close  to  the  axes  of  the  sum  difference  patterns  - 
(boresight),  the  elements  are  effectively  substan- 

5  tially  collinear  in  the  horizontal  plane.  The  phase 
centres,  14  and  15  respectively,  of  each  of  the  two 
sub-arrays  are  thus  mid-way  between  the  horizon- 
tal  locations  of  the  elements  of  the  respective  sub- 
array. 

10  Figure  3  depicts  schematically  a  feeder  net- 
work  for  forming  the  sum  and  difference  radiation 
patterns  from  the  array  of  elements  1-8.  The  net- 
work  comprises  four  3  dB  in-phase  power 
dividers/combiners  17-20  which  respectively  com- 

75  bine  the  signals  from  each  two  adjacent  elements, 
respectively  in  the  two  rows,  at  the  same  location 
in  the  horizontal  direction. 

As  mentioned  above,  the  feeders  for  the  out- 
ermost  elements  (combiners  17  and  20)  include 

20  phase  delays,  denoted  schematically  by  0  at  21, 
22  respectively,  so  that  the  four  elements  in  a  row 
are  effectively  substantially  collinear  with  respect  to 
transmission  or  reception  on  boresight.  Following 
these  phase  delays,  the  feeders  are  denoted  a  and 

25  b  respectively,  and  the  feeders  from  combiners  18 
and  19  are  denoted  c  and  d  respectively.  The 
signals  on  lines  a  and  b  are  added  in  a  further  3 
dB  in-phase  power  combiner  23  to  form  the  sum  of 
the  signals  from  the  outer  four  elements,  I04-  "The 

30  signals  from  the  inner  four  elements  on  lines  c  and 
d  are  respectively  supplied  to  two  ports  of  a  hybrid 
junction  24  which  at  two  further  ports  produces  the 
sum  and  the  difference  of  these  signals,  E|4  and 
AMrespectively.  E!4  is  added  to  Ecw  in  yet  another  3 

35  dB  in-phase  power  combiner,  25,  to  produce  the 
sum  of  the  signals  from  all  eight  elements,  EB. 

Since  the  difference  signal  E|4  is  derived  from 
only  the  inner  elements  which  are  spaced  a  dis- 
tance  D  apart  in  the  horizontal  direction  while  the 

40  sum  signal  Ea  is  derived  from  the  two  sub-arrays 
whose  phase  centres  are  a  distance  2D  apart,  the 
difference  pattern  is  less  directional  than  if  it  had 
been  derived  from  the  two  sub-arrays  from  which 
the  sum  pattern  is  derived.  Consequently,  whereas 

45  if  the  difference  pattern  were  derived  from  said  two 
sub-arrays,  its  magnitude  would  tend  to  fall  below 
that  of  the  sum  pattern  at  angles  fairly  close  to 
boresight  (apart  from  the  central  null  of  the  dif- 
ference  pattern),  this  need  not  be  the  case  for  the 

so  embodiment  of  the  invention.  Figure  4  shows,  in  dB 
against  the  angle  0  in  degrees  with.  respect  to 
mechanical  boresight,  a  sum  pattern  (continous 
line)  and  a  difference  pattern  (dashed  line)  mea- 
sured  on  a  constructed  embodiment  similar  to  that 

55  described  above  with  reference  to  Figures  1  to  3. 
This  embodiment  had  to  satisfy  the  criterion  that, 
apart  from  the  central  null,  the  magnitude  of  the 
difference  pattern  should  exceed  the  magnitude  of 



0  237  110 

the  sum  pattern  if  the  magnitude  of  the  sum  pat- 
tern  was  within  20  dB  of  its  peak  value.  As  can  be 
seen,  this  criterion  was  satisfied  by  a  substantial 
margin. 

As  an  alternative  to  using  two  phase  delays  0  - 
(21,22)  between  combiner  23  and  combiners  17 
and  20  respectively,  a  single  phase  delay  0  may 
be  used  between  combiners  23  and  25. 

As  an  alternative  to  outer  elements  of  the  array 
making  no  contribution  at  all  to  the  difference  pat- 
tern,  their  contributions  (relative  to  those  of  the 
inner  elements)  may  merely  be  somewhat  reduced. 
This  has  the  possible  advantages  of  increasing  the 
gain  of  the  difference  pattern  and  of  reducing  the 
central  angular  range  over  which  the  magnitude  of 
the  sum  pattern  exceeds  that  of  the  difference 
pattern,  but  the  disadvantage  of  being  somewhat 
more  complex.  Figure  5  shows  schematically  a 
modified  portion  of  the  feeder  network  of  Figure  3 
in  which  the  one  hybrid  junction  24  and  the  two 
combiners  23  and  25  of  Figure  3  are  replaced  by 
at  least  two  hybrid  junctions  and  two  combiners. 
The  arrangement  of  Figure  5  uses  the  same  four 
feeder  lines  a-d  as  in  Figure  3.  Lines  c  and  d  are 
the  inputs  for  a  first  hybrid  junction  24  producing 
outputs  AM  and  EM  (as  in  Figure  3),  while  lines  a 
and  b  are  the  inputs  to  a  second  junction  27 
producing  outputs  (the  difference  between  the  sig- 
nals  from  the  two  outer  pairs  of  elements)  and  Ecm- 
The  sum  signals  EM  and  A04  are  applied  to  a  3  dB 
in-phase  combiner  28  which  produces  the  signal 
Ea.  The  difference  signal  A04  is  supplied  to  an 
attenuator  29  whose  output  is  added  to  the  dif- 
ference  signal  A,4  in  a  3  dB  in-phase  combiner  30 
which  produces  the  signal  (A|4  +  kAo4)  where 
0<k<1.  As  an  alternative  to  the  attenuator  29  and 
equal  power  combiner  30,  a  combiner/divider  giv- 
ing  unequal  combination/division  may  be  used. 

As  an  alternative  to  reducing  the  absolute  mag- 
nitudes  of  the  contributions  of  the  outer  elements 
to  the  difference  pattern,  the  absolute  magnitude  of 
the  contributions  of  the  inner  elements  to  the  dif- 
ference  pattern  (but  not  the  sum  pattern)  may  be 
increased  by  amplification,  so  that  the  contributions 
of  the  outer  elements  relative  to  the  contributions  of 
the  inner  elements  is  less  to  the  difference  pattern 
than  the  sum  pattern. 

Where  the  invention  is  embodied  in  an  array 
comprising,  for  example,  eight  or  more  elements 
uniformly  spaced  in  the  relevant  direction,  the  outer 
elements  whose  relative  contributions  are  less  to 
the  difference  pattern  than  to  the  sum  pattern  need 
not  be  the  outermost  elements  with  respect  to  said 
direction,  but  should  nevertheless  lie  beyond  the 
phase  centres  of  the  sub-arrays  from  which  the 
sum  pattern  is  formed  (rather  than  between  or  at 
the  phase  centres)  so  as  to  achieve  the  desired 
broadening  of  the  difference  pattern. 

The  array  may  comprise  elements  at  an  odd 
number  (rather  than  an  even  number)  of  locations 
spaced  in  the  relevant  direction.  For  example,  there 
may  be  an  element  at  the  phase  centre  of  the 

5  whole  array.  In  that  case,  the  central  element  would 
not  be  used  in  forming  the  difference  pattern  but 
could  be  used  in  forming  the  sum  pattern,  and  the 
contribution  of  the  central  element  to  the  sum  pat- 
tern  could  then  notionaily  be  divided  equally  be- 

10  tween  the  two  sub-arrays  on  opposite  sides  of  the 
phase  centre  of  the  whole  array. 

In  the  above-mentioned  constructed  embodi- 
ment,  the  patches  were  9  cm  wide  horizontally  and 
11  cm  wide  vertically.  Their  spacing  was  17  cm 

is  horizontally  (distance  D)  and  20  cm  vertically.  The 
value  of  the  phase  delay  0  was  of  the  order  of  50- 
60  degrees;  the  power  dividers/combiners  were  of 
the  Wilkinson  type,  and  the  hybrid  junction  was  a 
180  degrees  hybrid  ring  with  a  circumference  of 

20  one  and  a  half  wavelengths.  These  components 
were  formed  on  alumina  substrates  of  0.635  mm 
thickness.  The  thickness  of  the  dielectric  of  the 
patches  varied  from  1  .5  cm  at  the  edges  to  about 
2.0  cm  at  the  centre  of  the  patches;  the  dielectric 

25  material  was  P10  polyurethane  foam  available  from 
The  Plessey  Co.  The  radar  antenna  reflector  was  of 
conductive  carbon  fibre  material;  it  had  apertures  of 
approximately  107  cm  horizontally  and  41  cm  verti- 
cally,  and  had  a  focal  length  of  43  cm.  The  patch 

30  array  operated  at  1.03  and  1.09  GHz,  and  the  radar 
antenna  operated  in  the  range  9.0-9.5  GHz. 

Claims 
35 

1  .  A  direction-finding  antenna  system  compris- 
ing  an  array  of  antenna  elements  mutually  spaced 
in  at  least  one  direction  and  further  comprising 
feeder  means  for  forming  a  sum  radiation  pattern 

40  and  a  difference  radiation  pattern  from  the  ele- 
ments,  characterised  in  that  the  contribution  of  out- 
er  elements  which  with  respect  to  said  direction  lie 
beyond  the  phase  centres  of  the  sub-arrays  from 
which  the  sum  pattern  is  formed,  relative  to  the 

45  contribution  of  inner  elements  which  lie  at  or  be- 
tween  said  phase  centres,  is  less  to  the  difference 
pattern  than  to  the  sum  pattern. 

2.  A  system  as  claimed  in  Claim  1  wherein  at 
least  one  outer  element  which  lies  beyond  the 

so  phase  centre  of  each  sub-array  makes  no  contribu- 
tion  to  the  difference  pattern. 

3.  A  system  as  claimed  in  Claim  1  or  2  wherein 
the  array  is  curved  in  the  plane  including  said  one 
direction  and  the  axes  of  the  radiation  patterns. 

55 
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4.  A  system  as  claimed  in  Claim  3  wherein  the 
elements  are  microstrip  patch  radiators  supported 
on  an  antenna  reflector  which,  in  association  with  a 
feed  radiator,  operates  at  a  substantially  higher 
frequency  than  the  array.  5 

5.  A  system  as  claimed  in  any  preceding  claim 
comprising,  with  respect  to  said  direction,  one  or 
more  elements  at  each  of  four  mutually-spaced 
locations. 

10 
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