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Description 

This  invention  relates  to  a  motion  detector  unit  for  detecting  a  moving  person  or  object  by  means  of  doppler  frequency 
shift. 

5  The  use  of  the  doppler  effect  for  detecting  such  motion  is  well-known.  Typical  applications  include  intruder  alarms 
and  automatic  door  openers,  for  which  a  unit  of  conventional  construction  comprises  a  gunn  diode  oscillator  mounted 
in  a  cavity  resonator  such  as  a  simple  waveguide  tube.  A  diode  mixer  also  mounted  in  the  tube  provides  an  output  at 
the  doppler  frequency.  This  construction  has  a  number  of  drawbacks:  its  relative  complexity  for  mass-production,  the 
power  consumption  of  the  oscillator,  and,  especially,  difficulties  in  meeting  the  stringent  harmonic  radiation  suppression 

10  requirements  imposed  by  the  regulatory  authorities  in  most  countries.  A  motion  detector  unit  (Patent  Abstracts  of  Japan, 
vol.  6  no.  62  (P-111)  (940)  21/04/82  and  JP-A-57  003  061)  has  also  been  proposed  comprising  a  microwave  circuit 
board  having  an  oscillator  and  a  mixer,  in  the  interests  of  making  the  unit  flat. 

According  to  the  invention  a  motion  detector  unit  for  detecting  motion  by  means  of  doppler  frequency  shift  comprises 
a  microwave  circuit  board,  an  antenna  circuit  board,  and  a  ground  plane  layer,  the  two  boards  being  superimposed  with 

is  the  ground  plane  layer  intervening,  the  microwave  circuit  board  comprising  an  oscillator  and  a  mixer,  and  the  antenna 
circuit  board  comprising  transmit  and  receive  antennas,  each  antenna  having  a  respective  feed  stripline  which  substan- 
tially  overlies  an  associated  stripline  on  the  microwave  circuit  board,  the  ground  plane  layer  having,  for  each  antenna, 
a  respective  slot  to  provide  coupling  between  the  microwave  circuit  and  the  antenna,  the  slot  being  resonant  at  the 
fundamental  frequency  of  the  oscillator,  with  said  feed  stripline  and  said  associated  stripline  lying  orthogonal  to  the 

20  resonant  dimension  of  the  slot  and  extending  beyond  the  slot. 
The  design  of  the  motion  detector,  which  includes  the  slots,  tends  to  reduce  harmonic  radiation  emission. 
Preferably  at  least  one  of  the  feed  stripline  and  the  associated  stripline  terminates  in  a  T-section  comprising  a 

cross-bar  strip  parallel  with  the  slot. 
If  the  stripline  on  the  microwave  circuit  board  terminates  in  such  a  T-section,  it  preferably  includes  a  further  cross-bar 

25  strip  parallel  with  the  slot  but  on  the  opposite  side  of  the  slot  to  the  T-section. 
In  one  embodiment  of  the  invention,  the  mixer  comprises  a  pair  of  diodes  connected  in  series,  the  common  con- 

nection  point  of  the  diodes  constituting  a  first  input  of  the  mixer,  and  a  stripline  section  which  connects  the  other  ends 
of  the  diodes  via  high-pass  capacitance  means,  a  second  input  of  the  mixer  being  at  such  a  point  on  the  stripline  section 
as  to  introduce  a  quadrature  phase  difference  between  signals  applied  to  the  two  diodes  via  the  second  input,  the  two 

30  mixer  inputs  being  coupled  respectively  to  the  oscillator  and  the  receive  antenna,  the  mixer  producing,  in  operation,  two 
doppler  outputs  at  the  terminals  of  the  capacitance  means  of  identical  frequency  but  differing  phase,  the  phase  relation- 
ship  of  the  two  outputs  being  indicative  of  the  sense  of  the  detected  motion. 

The  first  input  of  the  mixer  may  be  coupled  to  the  oscillator  and  the  second  input  of  the  mixer  coupled  to  the  stripline 
on  the  microwave  circuit  board  which  is  associated  with  the  receive  antenna. 

35  Each  antenna  preferably  comprises  an  array  of  patch  elements  connected  to  a  said  feed  stripline  on  the  antenna 
circuit  board. 

Said  ground  plane  layer  is  preferably  carried  by  the  microwave  circuit  board. 
A  motion  detector  unit  in  accordance  with  the  invention  will  now  be  described,  by  way  of  example  only,  with  reference 

to  the  accompanying  drawings,  in  which: 
40 

Figure  1  is  a  view  showing  basic  constructional  features  of  the  unit; 

Figure  2  shows  a  microwave  circuit  board  suitable  for  use  in  the  unit; 

45  Figure  3  shows  an  antenna  circuit  board  for  use  in  association  with  the  board  of  Figure  2; 

Figure  4  shows  features  of  the  two  boards  which  provide  coupling  between  the  microwave  circuit  and  the  antennas; 

Figure  5  shows  a  circuit  board  layout  of  an  alternative  design  of  mixer  for  use  in  the  microwave  circuit  of  Figure  2;  and 
50 

Figure  6  is  a  circuit  diagram  of  the  mixer  of  Figure  5. 

Referring  to  Figure  1  ,  the  unit  comprises  two  circuit  boards  1  ,2  mounted  adjacent  and  parallel  to  one  another,  i.e. 
in  a  stacked,  face-to-face  configuration.  The  two  circuit  boards  are  housed  in  a  metallic  box  3  or  other  suitable  screened 

55  enclosure.  Board  2  is  shown  removed  from  the  box  in  the  figure.  Board  1  accommodates  microwave  circuitry  on  its 
inwardly-directed  face  (not  shown).  As  shown,  the  box  3  is  open  at  one  side  to  expose  the  other  face  of  board  1  .  This 
face  has  a  ground  plane  layer  4  which  further  screens  the  microwave  circuitry.  Thus,  circuit  board  1  is  of  conventional 
double-sided  microstripline  type. 

2 
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Figure  2  shows  the  microwave  circuit  board  1  in  more  detail,  as  viewed  from  the  component  side  of  the  board.  The 
principal  components  comprise  a  microwave  oscillator  12,  a  signal  splitter  13  and  a  balanced  diode  mixer  14.  Power  is 
supplied  to  the  oscillator  1  2  via  a  supply  line  1  5.  The  oscillator  is  preferably  an  FET  design  employing  a  mechanically 
tunable  dielectric  resonator  11.  This  type  of  oscillator  has  the  advantages  of  lower  power  consumption  and  reduced 

5  spurious  emission  levels  than,  say,  a  conventional  gunn  diode-based  design.  The  output  of  the  oscillator  is  provided, 
via  a  line  16,  to  the  signal  splitter  13.  The  signal  splitter  incorporates  filter  components  which  selectively  pass  the  required 
fundamental  frequency  signal  and  also  prevent  any  d.c.  component  in  the  oscillator  output  from  reaching  the  following 
stages  of  the  circuit.  The  splitter  13  divides  the  oscillator  signal  between  two  striplines  17,  18.  In  the  assembled  unit, 
stripline  1  7  is  coupled  to  transmit  antennas  8  on  board  2  (Figure  1  ).  Stripline  1  8  is  connected  to  one  input  of  the  mixer 

10  1  4.  The  other  input  of  the  mixer  1  4  is  connected  to  a  further  stripline  1  9,  which,  in  turn,  is  coupled  to  receive  antennas 
7  on  board  2  (Figure  1  ).  The  oscillator  1  2  provides  a  'local  oscillator'  input  to  the  mixer,  which  operates  in  a  conventional 
homodyne  manner.  The  mixer  output  on  line  20,  which  constitutes  the  output  signal  of  the  unit,  thus  comprises  a  low 
frequency  doppler  signal  of  the  order  of  100  Hz  which  can  be  filtered  and  processed  in  known  manner. 

Figure  3  shows  the  antenna  circuit  board  2.  This  board  can  be  of  single-sided  construction,  i.e.  having  a  conductive 
is  layer  on  one  face  only,  and  carries  separate  transmit  (8)  and  receive  (7)  antenna  arrays.  Each  antenna  array  comprises 

two  patch  elements,  which  are  interconnected  and  connected  to  common  feed  striplines  10  and  9  for  the  transmit  (8) 
and  receive  (7)  arrays  respectively.  In  the  assembled  unit  the  antenna  board  2  is  secured,  for  example  by  glueing,  atop 
the  microwave  circuit  board  1  ,  with  the  ground  plane  layer  4  intervening,  so  that  the  patch  elements  7,  8  are  exposed 
at  the  open  side  of  the  box  3.  The  alignment  of  the  two  boards  is  such  that  the  transmit  array  feed  line  1  0  on  the  antenna 

20  board  overlies  the  associated  stripline  17  on  the  microwave  board.  Similarly,  the  receive  array  feed  line  9  on  the  antenna 
board  overlies  the  associated  stripline  1  9  on  the  microwave  board.  For  each  of  the  striplines  9,  10,  1  7,  1  9  the  conductive 
layer  4  on  the  microwave  board  1  provides  the  associated  ground  plane. 

In  accordance  with  the  invention,  coupling  between  the  microwave  circuit  board  1  and  the  antenna  board  2  is 
achieved  by  the  provision  of  two  narrow  slots  5,  6  in  the  ground  plane  layer  4  of  the  microwave  board  (see  Figure  1  ).  In 

25  Figures  2  and  3,  the  position  of  the  slots  5,6  (shown  dotted)  in  relation  to  the  feed  striplines  17,  19  on  the  component 
side  of  the  board  1  can  be  seen.  In  the  ensuing  description,  for  the  purposes  of  convenience,  reference  will  be  made 
solely  to  the  coupling  arrangement  for  the  transmit  patches  8  by  means  of  the  slot  6.  However,  it  will  be  appreciated  that 
the  arrangement  for  the  receive  patches  7  by  means  of  the  slot  5  is  in  all  material  aspects  identical. 

Referring  to  Figures  2  and  3,  it  can  be  seen  that  the  slot  6  and  the  stripline  17  lie  mutually  orthogonal,  with  the 
30  stripline  'crossing'  the  slot  so  as  to  terminate  a  short  distance  beyond  the  slot.  In  the  present,  preferred,  arrangement 

the  stripline  1  7  features  two  cross-bar  strips  22,  23  disposed  parallel  to  and  symmetrically  about  the  slot  6.  The  cross-bar 
strip  22  lies  at  the  end  of  the  line  17  so  as  to  form  a  T-section. 

Figures  4(a)-(d)  show  various  views  of  the  two  boards  1  ,  2  in  the  vicinity  of  the  slot  6.  Figure  4(a)  is  a  section  on  a 
line  through  the  stripline  17  and  shows  the  boards  in  their  'assembled'  state.  The  thicknesses  of  the  conductive  layers 

35  are  exaggerated  for  clarity.  The  boards  may  be  glued  or  otherwise  secured  together.  If  they  are  glued,  a  thin  layer  21 
of  plastic  or  other  insulating  material  may  be  sandwiched  between  the  boards  to  assist  bonding.  It  can  be  seen  in  Figure 
4(d)  that,  in  this  specific  example,  the  antenna  feed  line  1  0  on  board  2  overlies  the  stripline  1  7  on  board  1  ,  but  extends 
a  short  distance  x  beyond  the  T-section  termination  22  of  stripline  17. 

The  length  L  of  the  slot  6  is  chosen  for  resonance  at  the  fundamental  frequency  of  the  oscillator,  and  corresponds 
40  approximately  to  a  half-wavelength,  the  precise  figure  being  determined  by  the  guide  wavelength  in  the  dielectric  sub- 

strate  of  board  1  .  The  configuration  of  the  striplines  10  and  17,  in  particular  the  length  T  of  the  cross-bar  strips  22,  23, 
determines  the  degree  of  suppression  of  the  second  harmonic  of  the  oscillator  fundamental  frequency.  The  optimum 
dimensions  may  be  established  empirically. 

By  way  of  example  only,  the  following  design  details  refer  to  the  coupling  arrangment  used  in  one  unit  constructed 
45  in  accordance  with  the  invention: 

fundamental  f requency  :  10.6  -  10.7  GHz 

impedance  of  m i c r o s t r i p   l ines   10,12  :  50  ohms 

so  d i e l e c t r i c   s u b s t r a t e   :  FR4  ( f i b r e g l a s s   resin  p . c . b . )  

length  L  of  s lo t   :  8.0mm 

width  of  s lo t   :  0.5mm 

55 
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length  T  of  c r o s s - b a r   :  6.3mm 

width  of  c r o s s - b a r   :  1.0mm 
5 

s e p a r a t i o n   s  of  s lo t   and  c r o s s - b a r   :  1.5mm 

extent   x  of  antenna  feed  l ine   beyond  T-sec t ion   22  :  1.5mm 

In  an  alternative  design,  the  antenna  feed  line  10  terminates  in  a  cross-bar  to  form  a  T-section,  in  the  same  manner 
10  as  the  stripline  17.  In  this  case,  the  feed  line  10  does  not  extend  beyond  the  end  of  the  stripline  17,  but  rather  the 

terminating  T-sections  of  the  two  lines  are  co-incident,  i.e.  overlie  one  another. 
The  use  of  the  terminating  T-sections  on  one  or  both  of  the  striplines  10,  17  is  not  essential.  Plain  stripline  stubs 

could  be  used  instead,  in  which  case  the  extent  to  which  the  stub  line  extends  beyond  the  slot  affects  the  harmonic 
suppression.  However,  an  advantage  of  using  a  terminating  T-section  is  that  the  stub  line  can  be  made  shorter  than 

is  would  otherwise  be  possible,  providing  a  saving  in  board  space  and  giving  a  more  compact  size  to  the  unit.  It  has  been 
found  that  the  provision  of  the  second  cross-bar  strip  23  on  stripline  1  7  gives  a  sharper  response  in  rejecting  the  second 
harmonic,  possibly  by  reducing  radiation  from  the  T-section  cross-bar  22  itself. 

As  already  mentioned,  the  coupling  arrangement  between  the  receive  patches  7  and  mixer  input  line  1  9  via  the  slot 
5  is  preferably  the  same  as  the  arrangement  just  described  for  the  transmit  patches.  This  is  important  because  there 

20  will  be  some  leakage  of  the  second  harmonic  to  the  receive  patches  from  the  mixer.  The  coupling  arrangement  reduces 
any  such  unwanted  emission  of  the  second  harmonic  via  the  receive  patches. 

The  use  of  separate,  but  otherwise  identical,  patch  arrays  7,  8  on  the  antenna  board  2  ensures  minimal  signal 
wastage  and  allows  a  balanced  mixer,  rather  than  the  traditional  single-ended  type,  to  be  used.  The  balanced  mixer 
provides  a  lower  conversion  loss  and  improved  sensitivity  due  to  the  cancellation  of  AM  noise  from  the  oscillator. 

25  In  some  applications  for  the  unit  it  is  desirable  to  know  whether  the  detected  motion  is  towards  or  away  from  the 
unit.  For  example,  when  the  unit  is  being  used  to  control  automatic  sliding  doors,  it  is  clearly  useful  to  be  able  to  distinguish 
the  motion  of  a  person  approaching  the  doors  from  that  of  the  same  person  having  passed  through,  so  that  the  doors 
are  not  held  open  for  an  unnecessarily  long  time.  Figures  5  and  6  relate  to  a  design  of  mixer  which  can  be  used  in  the 
unit  in  order  to  provide  the  facility  of  determining  the  sense  of  the  detected  motion. 

30  It  is  well-established  that  the  sign  of  the  doppler  frequency  shift,  and  therefore  the  sense  of  the  detected  motion, 
may  be  found  by  splitting  the  received  signal  into  two  channels,  each  channel  having  a  respective  mixer.  If  corresponding 
inputs  to  the  two  mixers  are  supplied  with  versions  of  the  oscillator  signal  which  differ  in  phase  by  90°  or  thereabouts, 
the  sense  of  the  detected  motion  may  be  determined  according  to  the  phase  relationship  of  the  mixer  outputs,  i.e.  which 
one  leads  the  other.  As  an  alternative,  the  phase  difference  may  be  introduced  between  the  received  signal  inputs  to 

35  the  mixers. 
This  known  technique  is  adopted  in  the  mixer  configuration  which  will  now  be  described  with  reference  to  the  circuit 

board  layout  of  Figure  5  and  the  corresponding  circuit  diagram  of  Figure  6.  As  in  Figure  2,  the  oscillator  signal  is  supplied 
on  line  1  8  and  the  received  r.f.  signal  on  line  1  9.  The  oscillator  signal  is  supplied  via  a  capacitor  25  which  prevents  any 
d.c.  component  from  reaching  the  mixer.  The  r.f.  signal  is  supplied  to  the  mixer  via  an  impedance-matching  capacitor  29. 

40  The  mixer  26  comprises  two  series-connected  mixer  diodes  31  whose  common  connection  constitutes  a  first  input 
of  the  mixer  and  to  which  is  coupled  the  oscillator  input  line  18.  Two  short-  circuits  24,  formed  as  connections  through 
the  circuit  board  to  the  ground  plane,  are  transformed  to  microwave  open-circuits  at  the  mixer  input,  while  providing  a 
d.c.  return  path  for  the  diode  current.  The  other  ends  of  the  diodes  31  are  'connected'  via  a  stripline  section  27  formed 
on  the  microwave  board  1  and  having  a  horseshoe-like  shape.  The  stripline  section  27  includes  a  'high-pass'  capacitor 

45  28  which  passes  the  required  r.f.  signal  whilst  isolating  the  two  low  frequency  doppler  outputs  of  the  mixer  on  lines  32 
and  33.  The  r.f.  signal  is  applied  to  a  second  input  of  the  mixer  at  a  point  Y  on  the  section  27  adjacent  diode  31  (a).  The 
applied  signal  reaches  this  diode  31  (a)  directly  and  the  other  diode  31  (b)  via  the  horseshoe  path  through  the  capacitor 
28  to  a  second  point  X  adjacent  the  diode  31  (b).  The  electrical  length  of  the  stripline  section  between  points  X  and  Y  is 
made  an  odd  number  of  quarter-wavelengths  at  the  oscillator  frequency  since  the  points  X  and  Y  are  equidistant  from 

so  their  respective  diodes.  This  introduces  the  required  90°  phase  difference  between  the  r.f.  signals  applied  to  the  two 
diodes  31  .  The  two  mixer  outputs  at  the  doppler  frequency  are  available  at  the  terminals  of  the  capacitor  28  on  lines  32, 
33.  The  fan  shaped  elements  30  provide  microwave  short-circuits  at  the  points  Z  on  the  output  lines  32,  33  to  prevent 
any  r.f.  appearing  in  the  low  frequency  outputs  of  the  unit.  The  sense  of  the  detected  motion,  ie  whether  the  'target'  is 
approaching  or  receding  (35),  is  determined  from  the  phase  relationship  of  the  two  outputs  by  using  logic  circuitry  34  in 

55  conventional  manner.  The  magnitude  of  the  doppler  frequency  will  then  give  the  target  velocity  (36)  if  required. 
The  above  mixer  configuration  provides  the  advantages  of  a  conventional  balanced  mixer,  in  terms  of  reduced  AM 

noise  and  improved  sensitivity,  while  at  the  same  time  effectively  performing  the  function  of  two  separate  mixers,  thus 
providing  a  useful  saving  in  components  and  circuit  board  space. 

4 
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It  will  be  appreciated  that  the  90°  phase  shift  may  alternatively  be  introduced  in  the  oscillator  input  to  the  mixer 
rather  than  in  the  received  signal  input,  by  applying  the  oscillator  signal  to  points  X  and  Y  and  the  received  signal  to  the 
diode  connection  point. 

The  capacitors  25,  28  and  29  may  comprise  discrete,  for  example  surface-mounted,  components  or  may  be  formed 
5  as  interdigitated  breaks  in  the  stripline  conductors. 

While  a  major  advantage  offered  by  the  invention  is  the  significant  reduction  in  emission  at  the  second  harmonic 
frequency,  there  are  a  number  of  other  benefits.  These  include  the  compact  size  and  ease  of  manufacture  compared 
with,  say,  the  waveguide  type  of  motion  detector. 

Whereas  in  the  specific  embodiment  described  the  slot-containing  ground  plane  layer  is  provided  by  the  microwave 
10  circuit  board,  it  will  be  appreciated  that  it  could  alternatively  be  formed  on  the  antenna  board,  on  the  face  opposite  that 

carrying  the  patch  arrays.  A  separate  ground  plane  board  could  conceivably  be  used  instead.  However,  since  the  mi- 
crowave  board  will  ordinarily  need  to  be  double-sided,  the  described  arrangement  is  preferred.  This  also  enables  the 
antenna  board  to  have  a  simpler  single-sided  construction. 

It  will  be  appreciated  also  that  the  two-patch  arrays  shown  in  Figure  3  are  described  by  way  of  example  only.  Either 
is  single  patches  or  other  designs  involving  more  than  two  elements  may  equally  be  used.  Furthermore,  the  size  and 

configuration  of  the  array  can  be  chosen  so  that  the  shape  and  angle  of  the  radiated  beam  meets  a  specified  sensitive 
coverage  volume  of  the  unit.  In  this  respect  it  is  to  be  noted  that  the  antenna  board  is  fabricated  separately  from  the  rest 
of  the  unit  and  requires  no  electrical  connection  on  assembly.  Accordingly,  the  sensitive  coverage  volume  of  the  unit 
may  be  changed,  if  required,  simply  by  replacing  the  antenna  board  with  one  carrying  a  different  patch  array  pattern. 

20  This  represents  a  considerable  advantage  over  the  waveguide  type  of  unit  where  it  may  be  necessary  to  increase  the 
depth  or  change  the  shape  of  the  horn  to  adjust  the  radiation  pattern. 

Claims 
25 

1.  A  motion  detector  unit  for  detecting  motion  by  means  of  doppler  frequency  shift,  the  unit  comprising  a  microwave 
circuit  board  (1)  comprising  an  oscillator  (12)  and  a  mixer  (14),  characterised  in  that  there  is  provided  an  antenna 
circuit  board  (2)  and  a  ground  plane  layer  (4),  the  two  boards  being  superimposed  with  said  ground  plane  layer 
intervening,  said  antenna  circuit  board  comprising  transmit  (8)  and  receive  (7)  antennas,  each  antenna  having  a 

30  respective  feed  stripline  (1  0,  9)  which  substantially  overlies  an  associated  stripline  (1  7.  1  9)  on  the  microwave  circuit 
board,  said  ground  plane  layer  having,  for  each  antenna  (7,  8),  a  respective  slot  (5,  6)  to  provide  coupling  between 
the  microwave  circuit  and  the  antenna,  the  slot  being  resonant  at  the  fundamental  frequency  of  the  oscillator,  with 
said  feed  stripline  (9,  10)  and  said  associated  stripline  (19,  17)  lying  orthogonal  to  the  resonant  dimension  of  the 
slot  (5,  6)  and  extending  beyond  the  slot. 

35 
2.  A  motion  detector  unit  according  to  Claim  1  ,  wherein  at  least  one  (1  7,  1  9)  of  said  feed  stripline  and  said  associated 

stripline  terminates  in  a  T-section  comprising  a  cross-bar  strip  (22)  parallel  with  said  slot. 

3.  A  motion  detector  unit  according  to  Claim  2,  wherein  each  said  stripline  (17,  19)  on  the  microwave  circuit  board 
40  terminates  in  a  said  T-section  (22)  and  includes  a  further  cross-bar  strip  (23)  parallel  with  said  slot  but  on  the  opposite 

side  of  the  slot  to  the  T-section. 

4.  A  motion  detector  unit  according  to  any  one  of  the  preceding  claims,  wherein  said  mixer  (14)  comprises  a  pair  of 
diodes  (31)  connected  in  series,  the  common  connection  point  of  the  diodes  constituting  a  first  input  of  the  mixer, 

45  a  stripline  section  (27)  which  connects  the  other  ends  of  the  diodes  (31  )  via  high-pass  capacitance  means  (28),  a 
second  input  of  the  mixer  at  a  point  (Y)  on  the  stripline  section  (27)  such  as  to  introduce  a  quadrature  phase  difference 
between  signals  applied  to  the  two  diodes  (31  )  via  said  second  input,  the  two  mixer  inputs  being  coupled  respectively 
to  said  oscillator  (12)  and  said  receive  antenna  (7),  the  mixer  producing,  in  operation,  two  doppler  outputs  (32,33) 
at  the  terminals  of  said  capacitance  means  (28)  of  identical  frequency  but  differing  phase,  the  phase  relationship 

so  of  the  two  outputs  being  indicative  of  the  sense  of  the  detected  motion. 

5.  A  motion  detector  unit  according  to  Claim  4,  wherein  said  first  input  of  the  mixer  is  coupled  (18)  to  said  oscillator 
(12)  and  said  second  input  of  the  mixer  is  coupled  to  the  stripline  (19)  on  said  microwave  circuit  board  which  is 
associated  with  said  receive  antenna  (7). 

55 
6.  A  motion  detector  unit  according  to  any  one  of  the  preceding  claims,  wherein  each  said  antenna  comprises  an  array 

of  patch  elements  (7,8)  connected  to  a  said  feed  stripline  (9,10)  on  the  antenna  circuit  board. 
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7.  A  motion  detector  unit  according  to  any  one  of  the  preceding  claims,  wherein  said  ground  plane  layer  (4)  is  carried 
by  said  microwave  circuit  board  (1  ). 

8.  A  motion  detector  unit  according  to  Claim  4,  wherein  said  capacitance  means  comprises  an  interdigitated  d.c.  break. 

Patentanspriiche 

1  .  Gerat  zur  Bewegungsdetektion  zum  Detektieren  einer  Bewegung  mittels  Dopplerfrequenzverschiebung,  wobei  das 
10  Gerat  eine  Mikrowellen-Schaltplatte  (1)  umfaBt,  die  einen  Oszillator  (12)  und  einen  Mischer  (14)  aufweist, 

dadurch  gekennzeichnet, 
dal3  eine  Antennenschaltplatte  (2)  und  eine  Masseebenenschicht  (4)  vorgesehen  sind,  wobei  die  beiden  Platten 
mit  der  dazwischenliegenden  Masseebenenschicht  iibereinander  gesetzt  sind,  dal3  die  Antennenschaltplatte  Sende 
(8)-  und  Empfangs  (7)-Antennen  aufweist,  wobei  jede  Antenne  eine  jeweilige  Zufuhrungsstreifenleitung  (10,  9)  auf- 

15  weist,  die  im  wesentlichen  iiber  einer  zugeordneten  Streifenleitung  (17,  19)  auf  der  Mikrowellenschaltplatte  liegt, 
wobei  die  Masseebenenschicht  fur  jede  Antenne  (7,  8)  einen  jeweiligen  Schlitz  (5,  6)  aufweist,  der  eine  Kopplung 
zwischen  der  Mikrowellenschaltung  und  der  Antenne  vorsieht,  wobei  der  Schlitz  auf  der  Grundfrequenz  des  Oszil- 
lators  resoniert,  und  wobei  die  Zufuhrungsstreifenleitung  (9,  10)  und  die  zugehorige  Streifenleitung  (19,  17)  senk- 
recht  zur  Resonanzdimension  des  Schlitzes  (5,6)  liegen  und  sich  iiber  den  Schlitz  hinaus  erstrecken. 

20 
2.  Gerat  zur  Bewegungsdetektion  nach  Anspruch  1  ,  in  welchem  zumindest  eine  (17,  19)  der  Zufuhrungsstreifenleitung 

und  der  zugehorigen  Streifenleitung  in  einem  T-Abschnitt  abschlieBt,  der  einen  Querstreifen  (22)  parallel  zum  Schlitz 
umfaBt. 

25  3.  Gerat  zur  Bewegungsdetektion  nach  Anspruch  2,  in  welchem  jede  solche  Streifenleitung  (1  7,  1  9)  auf  der  Mikrowel- 
len-schaltplatte  in  einem  T-Abschnitt  (22)  abschlieBt  und  ferner  einen  Querstreifen  (23)  parallel  zu  diesem  Schlitz, 
jedoch  auf  der  zum  T-Abschnitt  entgegengesetzten  Seite  des  Schlitzes  umfaBt. 

4.  Gerat  zur  Bewegungsdetektion  nach  einem  der  vorhergehenden  Anspruche,  in  welchem  der  Mischer  (14)  ein  Paar 
30  Dioden  (31  )  umfaBt,  die  in  Serie  geschaltet  sind,  wobei  der  gemeinsame  Verbindungspunkt  der  Dioden  einen  ersten 

Eingang  des  Mischers  darstellt,  ferner  einen  Streifenleitungsabschnitt  (27),  der  die  anderen  Enden  der  Dioden  (31  ) 
iiber  eine  HochpaB-Kapazitatseinrichtung  (28)  verbindet,  einen  zweiten  Eingang  des  Mischers  an  einem  Punkt  (Y) 
auf  dem  Streifenleitungsabschnitt  (27)  derart,  urn  eine  Quadraturphasendifferenz  zwischen  an  den  beiden  Dioden 
(31)  angelegten  Signalen  iiber  den  zweiten  Eingang  einzubringen,  wobei  die  beiden  Mischereingange  jeweils  mit 

35  dem  Oszillator  (1  2)  bzw.  der  Empfangsantenne  (7)  verbunden  sind,  der  Mischer  im  Betrieb  zwei  Dopplerausgangs- 
signale  (32,  33)  an  den  Anschliissen  der  Kapazitatseinrichtung  (28)  identischer  Frequenz,  jedoch  verschiedener 
Phase  erzeugt,  wobei  die  Phasenbeziehung  der  beiden  Ausgangssignale  die  Richtung  der  detektierten  Bewegung 
anzeigt. 

40  5.  Gerat  zur  Bewegungsdetektion  nach  Anspruch  4,  in  welchem  der  erste  Eingang  des  Mischers  mit  dem  Oszillator 
(12)  gekoppelt  ist  (1  8)  und  der  zweite  Eingang  des  Mischers  mit  der  Streifenleitung  (1  9)  auf  der  Mikrowellenschalt- 
platte  gekoppelt  ist,  die  der  Empfangsantenne  (7)  zugeordnet  ist. 

6.  Gerat  zur  Bewegungsdetektion  nach  einem  der  vorhergehenden  Anspruche,  in  welchem  jede  Antenne  eine  Anord- 
45  nung  aus  Patchelementen  (7,  8)  umfaBt,  die  mit  einer  Zufuhrungsstreifenleitung  (9,  1  0)  auf  der  Antennenschaltplatte 

verbunden  sind. 

7.  Gerat  zur  Bewegungsdetektion  nach  einem  der  vorhergehenden  Anspruche,  in  welchem  die  Masseebenenschicht 
(4)  von  der  Mikrowellenschaltplatte  (1)  getragen  ist. 

8.  Gerat  zur  Bewegungsdetektion  nach  Anspruch  4,  in  welchem  die  Kapazitatseinrichtung  eine  Interdigitations-Gleich- 
stromunterbrechung  umfaBt. 

55  Revendications 

1.  Unite  detectrice  de  mouvement  destinee  a  detecter  un  mouvement  a  I'aide  du  decalage  de  frequence  Doppler, 
I'unite  comprenant  une  carte  (1)  de  circuit  en  hyperfrequences  qui  comporte  un  oscillateur  (12)  et  un  melangeur 
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(14),  caracterisee  en  ce  qu'elle  comprend  une  carte  (2)  de  circuit  d'antenne  et  une  couche  (4)  de  plan  de  masse, 
les  deux  cartes  etant  superposees  avec  la  couche  de  plan  de  masse  entre  elles,  la  carte  de  circuit  d'antenne  com- 
prenant  des  antennes  d'emission  (8)  et  de  reception  (7),  chaque  antenne  ayant  une  ligne  respective  a  bande  plate 
d'alimentation  (1  0,  9)  qui  recouvre  pratiquement  une  ligne  associee  a  bande  plate  (17,  1  9)  sur  la  carte  de  circuit  en 
hyperfrequences,  la  couche  de  plan  de  masse  ayant,  pour  chaque  antenne  (7,  8),  unefente  respective  (5,  6)destinee 
a  assurer  le  couplage  entre  le  circuit  en  hyperfrequences  et  I'antenne,  la  fente  pouvant  resonner  a  la  frequence 
fondamentale  de  I'oscillateur,  la  ligne  a  bande  plate  d'alimentation  (9,  10)  et  la  ligne  a  bande  plate  associee  (19, 
17)  etant  perpendiculaires  a  la  direction  de  resonance  de  la  fente  (5,  6)  et  depassant  de  la  fente. 

Unite  detectrice  de  mouvement  selon  la  revendication  1,  dans  laquelle  I'une  au  moins  (17,  19)  des  lignes  a  bande 
plate  alimentation  et  associee  se  termine  par  une  section  en  T  qui  comprend  une  bande  formant  une  barre  trans- 
versale  (22)  qui  est  parallele  a  la  fente. 

Unite  detectrice  de  mouvement  selon  la  revendication  2,  dans  laquelle  chaque  ligne  a  bande  plate  (17,  19)  de  la 
carte  du  circuit  en  hyperfrequences  se  termine  par  une  section  en  T  (22)  et  comprend  une  bande  supplemental 
a  barre  transversale  (23)  qui  est  parallele  a  la  fente,  mais  du  cote  de  la  fente  oppose  a  la  section  en  T. 

Unite  detectrice  de  mouvement  selon  I'une  quelconque  des  revendications  precedentes,  dans  laquelle  le  melangeur 
(14)  comporte  une  paire  de  diodes  (31)  qui  sont  connectees  en  serie,  le  point  commun  de  connexion  des  diodes 
constituant  une  premiere  entree  du  melangeur,  une  section  de  ligne  a  bande  plate  (27)  assurant  la  connexion  des 
autres  extremites  des  diodes  (31  )  par  I'intermediaire  d'un  dispositif  (28)  a  capacite  passe-haut,  une  seconde  entree 
du  melangeur  en  un  point  (Y)  sur  la  section  (27)  de  ligne  a  bande  plate  de  maniere  qu'un  dephasage  en  quadrature 
soit  introduit  entre  les  signaux  appliques  aux  deux  diodes  (31)  par  I'intermediaire  de  la  seconde  entree,  les  deux 
entrees  du  melangeur  etant  couplees  respectivement  a  I'oscillateur  (1  2)  et  a  I'antenne  de  reception  (7)  ,  le  melangeur 
produisant,  pendant  le  fonctionnement,  deux  signaux  de  sortie  Doppler  (32,  33)  aux  bornes  du  dispositif  a  capacite 
(28)  avec  la  meme  frequence  mais  des  phases  differentes,  le  dephasage  des  deux  signaux  de  sortie  etant  repre- 
sentatif  du  sens  du  mouvement  detecte. 

Unite  detectrice  de  mouvement  selon  la  revendication  4,  dans  laquelle,  la  premiere  entree  du  melangeur  est  couplee 
(18)  a  I'oscillateur  (12)  et  la  seconde  entree  du  melangeur  est  couplee  a  la  ligne  a  bande  plate  (19)  de  la  carte  de 
circuit  en  hyperfrequences  qui  est  associee  a  I'antenne  de  reception  (7). 

Unite  detectrice  de  mouvement  selon  I'une  quelconque  des  revendications  precedentes,  dans  laquelle  I'antenne 
comporte  un  arrangement  d'elements  a  plages  de  connexion  (7,  8)  connectes  a  la  ligne  a  bande  plate  d'alimentation 
(9,  10)  sur  la  carte  de  circuit  d'antenne. 

Unite  detectrice  de  mouvement  selon  I'une  quelconque  revendications  precedentes,  dans  laquelle  la  couche  (4)  de 
plan  de  masse  est  portee  par  la  carte  de  circuit  en  hyperfrequences  (1). 

Unite  detectrice  de  mouvement  selon  la  revendication  4,  dans  laquelle  le  dispositif  a  capacite  comprend  des  ele- 
ments  imbriques  d'interruption  en  courant  continu. 
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