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Infant  security  system. 

the  RF  transmitter  (7)  to  emit  a  second  coded  signal. 
Upon  detection  of  the  second  coded  signal,  an  alarm 
(17,19)  in  the  RF  receiver  will  be  triggered.  An  alarm 
is  also  triggered  if  an  activated  magnetic  strip  (11) 
on  the  RF  transmitter  (7)  is  transported  through  a 
maternity  ward  exit  point  (3,5). 

©  An  infant  security  system  is  disclosed  which 
includes  a  transmitting  device  (7)  that  generates  at 
least  two  uniquely  coded  signals  and  is  disposed 
around  the  leg  or  ankle  of  infants  in  a  hospital 
maternity  ward  (1),  children's  ward  or  the  like.  An 
activated  magnetic  strip  (11)  is  also  attached  to  the 
transmitting  device  (7).  An  associated  receiver  (13) 

<Nis  placed,  for  example,  on  the  cart  containing  the 
^infant's  crib  or  bassinet  which  will  typically  be  close 

r .   enough  to  the  infant  so  that  it  is  well  enough  within 
<5f  the  range  of  the  transmitter.  Every  few  seconds  the 
O  rf  transmitter  (7)  transmits  a  coded  RF  pulse.  If  an 
(vj  infant  with  an  attached  RF  transmitter  (7)  is  removed 
^ b y   some  predetermined  minimum  distance  from  its 
^associated  RF  receiver  (13)  or  if  the  RF  transmitter 
©(7)  becomes  inoperative  or  is  shielded,  then  the  RF 

A  receiver  (13)  will  not  receive  the  transmitted  coded 
5]  signal  which  wil  trigger  an  alarm  (17,19).  If  a  kidnap- 

per  attempts  to  detach  the  RF  transmitter  (7)  from 
the  infant,  a  switch  is  opened  which  in  turn  causes 
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INFANT  SECURITY  SYSTEM 

Upon  detecting  the  alternating  electromagnetic  field 
generated  by  the  magnetic  strip  an  associated  au- 
dible  alarm  is  sounded. 

At  the  heart  of  the  infant  security  system  is  the 
5  transmitting  device  which  generates  at  least  two 

uniquely  coded  signals  and  which  is  preferably 
snugly  disposed  around  the  leg  or  ankle  of  each  of 
the  infants.  The  associated  receiver  is  placed,  for 
example,  on  the  cart  containing  the  infant's  crib  or 

w  bassinet  which  will  typically  be  close  enough  to  the 
infant  so  that  it  is  well  enough  within  the  range  of 
the  transmitter. 

Every  few  seconds  the  RF  transmitter  will 
transmit,  for  example,  a  coded  RF  pulse.  If  an 

75  infant  with  an  attached  RF  transmitter  is  removed 
by  some  predetermined  minimum  distance  from  its 
associated  RF  receiver,  then  the  RF  receiver  will 
not  receive  the  transmitted  coded  signal  which  will 
trigger  an  alarm.  If  the  infant  is  placed  in  a  metal 

20  container  thereby  preventing  the  transmitted  signal 
from  being  received  by  the  RF  receiver,  an  alarm 
is  likewise  triggered. 

If  a  kidnapper  attempts  to  detach  the  RF  trans- 
mitter  from  the  infant,  a  switch  is  opened  (or 

25  closed)  which  in  turn  causes  the  RF  transmitter  to 
emit  a  second  coded  signal.  Upon  detection  of  the 
second  coded  signal,  an  alarm  in  the  RF  receiver  is 
triggered.  In  order  to  legitimately  remove  the  infant 
from  the  maternity  ward  area,  the  magnetic  strip 

30  associated  with  the  transmitting  device  must  be 
deactivated  and  the  RF  receiver  deactivated  with, 
for  example,  a  security  key. 

While  being  primarily  directed  to  a  hospital- 
based  infant  security  system,  the  present  invention 

35  likewise  contemplates  that  the  security  system  may 
be  used  to  secure  a  wide  range  of  other  valuable 
objects.  For  example,  the  system  may  be  used  to 
prevent  a  valuable  art  object  from  being  improperly 
removed  or  stolen  from  its  assigned  room.  Like- 

40  wise,  the  present  invention  may  be  utilized  to  pre- 
vent  a  dangerous  chemical  from  being  improperly 
removed  from  its  storage  area.  Alternatively,  the 
security  system  of  the  present  invention  may  be 
utilized  to  prevent  an  individual  from  leaving  a 

45  designated  area  in  any  workplace,  hospital,  or  in- 
stitutional  setting. 

These  as  well  as  other  features  of  this  inven- 
tion  will  be  better  appreciated  by  reading  the  fol- 
lowing  detailed  description  of  the  presently  pre- 

50  ferred  embodiment  taken  in  conjunction  with  the 
accompanying  drawings  of  which: 

FIGURE  1  is  a  block  diagram  of  an  exem- 
plary  embodiment  of  the  security  system  of  the 
present  invention; 

This  invention  generally  relates  to  an  electronic 
security  system  designed  to  thwart  burglars  and 
kidnappers  and  to  insure  that  valuable  objects  re- 
main  within  a  prescribed  area.  More  particularly, 
the  invention  relates  to  a  hospital  infant  security 
system  designed  to  prevent  an  infant  from  being 
kidnapped  from  a  hospital  maternity  or  children's 
ward. 

Child  abduction  is  a  major  problem  in  the  Unit- 
ed  States  of  America  and  throughout  the  world, 
with  the  number  of  children  abducted  increasing 
from  year  to  year.  While  the  number  of  abducted 
children  has  increased  so  too  has  the  brazenness 
of  the  abductors.  In  this  regard,  there  has  been  far 
too  many  highly  publicized  kidnappings  of  newborn 
infants  from  closely  monitored  hospital  maternity 
wards.  Such  infants  have  become  attractive  targets 
for  kidnappers  due  to  the  high  price  paid  in  black 
market  transactions  for  newborn  infants  and  the 
absence  of  any  risk  of  identification  by  the  kidnap- 
ping  victim. 

The  present  invention  provides  hospital  mater- 
nity  wards  with  the  maximum  practical  degree  of 
security  while  avoiding  the  police  state  environment 
which  would  be  created  by  posting  uniformed  se- 
curity  guards  at  every  maternity  ward  exit.  Rather 
than  creating  a  police  state  environment,  the 
present  invention  provides  a  passive  security  sys- 
tem  requiring  no  human  intervention  except  when  it 
is  turned  on,  turned  off,  or  when  an  alarm  is  de- 
tected.  At  the  same  time,  the  system  provides  the 
hospital  maternity  ward  with  multiple  levels  of  se- 
curity  thereby  dramatically  reducing  the  likelihood 
of  an  infant  being  successfully  kidnapped  from  the 
hospital. 

In  an  exemplary  embodiment  of  the  present 
invention,  infants  in  a  hospital  maternity  ward  are 
supplied  with  a  very  small  radio  frequency  (RF) 
transmitter  capable  of  transmitting  a  plurality  of 
coded  signals.  A  corresponding  remote  RF  receiver 
tuned  to  receive  the  transmitted  coded  signals  is 
associated  with  each  transmitter.  The  main  func- 
tions  of  the  RF  transmitter  and  receiver  are  to 
insure  that  (1)  the  RF  transmitter  remains  attached 
to  the  infant  and  (2)  the  infant  and  the  attached  RF 
transmitter  remain  in  the  proximity  of  the  corre- 
sponding  receiver. 

Each  of  the  transmitters  in  the  system  includes 
a  magnetic  strip  which  generates  a  low  frequency 
electromagnetic  field  when  activated.  The  exit 
points  of  the  hospital  maternity  ward  (such  as 
doors,  elevators,  stairways,  etc.)  are  provided  with 
a  magnetic  receiver  which  detects  an  activated 
magnetic  strip  passing  through  that  exit  point. 
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nal  m.  Pulse  m  is  emitted  every  Tm  seconds, 
where  m  is  chosen  to  be  sufficiently  small  so  it  is 
not  possible  for  the  infant  to  be  removed  too  great 
a  distance  from  an  associated  receiver  13  during 

5  the  time  period  that  it  takes  for  several  main- 
tenance  pulses  m  to  be  generated.  On  the  other 
hand,  Tm  should  be  selected  such  that  pulse  gen- 
eration  does  not  occur  at  a  frequency  that  would 
create  an  excessive  power  drain  on  the  transmitter 

70  battery.  The  maintenance  signal  generator  M  is 
directly  connected  to  the  transmitting  antenna  9  so 
that  all  pulses  generated  are  radiated. 

Figure  2  schematically  discloses  an  exemplary 
timing  circuit  8  for  driving  maintenance  signal  gen- 

75  erator  M.  Timing  circuit  8  includes  a  source  (not 
shown)  of  clock  pulses  having  a  period  Tc.  The 
clock  pulses  drive  a  counter  40  having  a  clock 
input  C,  an  output  0,  and  a  reset  input  R. 

The  counter  40  generates  at  output  0  a  transi- 
20  tion  from  logical  "0"  to  logical  "1"  after  N  clock 

pulses  have  been  received.  Monostable  multivibra- 
tor  (one  shot)  42  generates  an  output  pulse  upon 
receiving  a  logical  "0"  to  "1  "  transition  from  coun- 
ter  40.  By  setting  counter  40  such  that  N  =  Tm/Tc, 

25  then  the  output  of  one  shot  42  will  be  a  pulse  every 
Tm  seconds,  thereby  enabling  the  maintenance 
signal  generator  M  to  be  appropriately  driven  as 
described  above.  The  counter  is  designed  so  that 
after  it  has  counted  N  clock  pulses  it  automatically 

30  resets  to  begin  another  count. 
Turning  back  to  Figure  1,  the  RF  transmitting 

module  7  also  includes  a  tamper  signal  generator 
Ta,  which  is  an  RF  signal  generator  that  generates 
a  coded  signal,  hereafter  denoted  A.  Since  the 

35  tamper  signal  generator  Ta  is  directly  connected  to 
the  transmitting  antenna  9  all  generated  coded 
signals  A  will  be  radiated. 

Tamper  signal  generator  Ta  is  connected  to  a 
switching  module  SW  as  generally  shown  in  Figure 

40  1  .  The  tamper  generator  Ta  is  turned  on  (or  off)  by 
placing  switch  S1  in  the  closed  (or  opened)  posi- 
tion.  Switch  S1  works  in  conjunction  with  switch  S2 
so  that  when  switch  S2  is  open,  switch  S1  is 
closed.  Conversely,  when  switch  S2  is  closed, 

45  switch  S1  is  opened,  as  is  schematically  repre- 
sented  in  Figure  1  . 

Figure  3  shows  an  exemplary  circuit  for  achiev- 
ing  such  coaction  between  switching  elements  S1 
and  S2  using  a  simple  DC  relay  44.  If  no  current 

so  passes  through  the  coil  46  of  relay  44,  then  the 
relay's  normally  closed  contacts  (i.e.,  switch  S1) 
will  be  in  the  closed  position.  However,  if  current 
flows  through  coil  46,  then  switch  S1  will  be  in  the 
open  position  as  shown  in  Figure  3. 

55  In  the  infant  security  system  exemplary  em- 
bodiment  of  the  present  invention,  under  normal 
operating  conditions,  a  short  circuit  is  placed 
across  the  terminal  of  S2  by  metallic  wire  50  which 

FIGURE  2  is  an  exemplary  block  diagram  of 
the  timing  circuit  8  shown  in  Figure  1  ; 

FIGURE  3  is  a  schematic  diagram  of  a  RF 
transmitter  and  the  plastic  leg  strap  which  may  be 
used  in  the  infant  security  system  shown  in  Figure 
1; 

FIGURE  4  is  an  RF  transmitter  and  leg  strap 
incorporating  a  monitored  tamper  loop; 

FIGURE  5  is  an  exemplary  block  diagram  of 
timing  circuit  16  shown  in  Figure  1; 

FIGURE  6  is  a  block  diagram  of  a  RF  tran- 
sceiver  that  may  be  used  in  another  embodiment 
of  the  present  invention;  and 

Figure  7  is  a  block  diagram  of  a  communica- 
tions  system  of  an  infant  security  system  incor- 
porating  a  central  control  panel. 

Figure  1  schematically  shows  a  portion  of  a 
hospital  maternity  ward  1.  Such  a  maternity  ward 
typically  consists  of  one  or  more  hallways  off  of 
which  are  various  rooms  for  the  nursery,  mothers' 
beds,  doctors'  examinations,  infant  bathing,  etc. 
Exit  points  from  the  maternity  ward  typically  are 
through  an  exit  door  3  or  an  elevator  5. 

At  the  heart  of  the  infant  security  system  of  the 
preferred  embodiment  of  the  present  invention  is 
RF  transmitting  module  7.  As  generally  represent- 
ed  in  Figure  1,  each  infant  in  the  maternity  ward  is 
provided  with  its  own  transmitting  module  7A 
through  7Z.  The  RF  transmitting  module  7  is  pref- 
erably  attached  to  the  infant  by  a  plastic  leg  or 
ankle  band  as  will  be  described  in  more  detail  in 
Figure  3  below. 

The  RF  transmitter  module  7  contains  two  cod- 
ed  RF  signal  generators  Ta  and  M,  switching  mod- 
ule  Sw  (which  is  only  generally  represented  in 
Figure  1),  and  a  transmitting  antenna  9.  As  will  be 
appreciated  by  those  skilled  in  the  art,  the  transmit- 
ting  antenna  9  should  be  impedance  matched  to 
the  RF  generators  Ta  and  M.  Additionally,  the 
transmitting  antenna  9  should  have  an  omnidirec- 
tional  radiation  pattern  so  that  its  position  with 
respect  to  an  associated  RF  receiver  13  is  not 
critical  (which  is  particularly  important  where  infants 
are  likely  to  be  moved  within  the  maternity  ward). 

if  the  security  system  is  being  utilized  to  pro- 
tect  stationary  art  objects  as  opposed  to  providing 
infant  security,  then  the  RF  transmitter  7  can  be 
energized  from  the  available  building  service  pow- 
er.  However,  if  the  object  to  be  secured  is  mov- 
able,  e.g.,  an  infant,  then  the  RF  transmitter  7  must 
be  powered  by  an  internal  battery.  In  any  event, 
battery  power  is  highly  desirable  as  a  back  up  to 
insure  that  the  security  system  will  function  in  the 
event  of  a  power  failure. 

Signal  generator  M  is  driven  by  a  timing  circuit 
8  so  as  to  generate  a  coded  RF  pulse,  which  will 
be  referred  to  hereinafter  as  the  maintenance  sig- 
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transmitting  module  7.  In  the  infant  security  em- 
bodiment,  switch  S2  is  encapsulated  in  rugged 
plastic  which  houses  all  the  RF  transmitting  cir- 
cuitry. 

5  In  addition  to  making  the  terminals  of  switch  S2 
inaccessible,  the  present  invention  optionally  con- 
templates  the  use  of  a  monitored  tamper  loop.  A 
monitored  tamper  loop  is  shown  in  Figure  4,  where 
a  fixed  resistance  R  is  placed  across  switch  S2  in 

10  the  plastic  leg  strap  wire  52.  As  long  as  the  current 
detector  60  sees  a  current  I  approximately  equal  to 
the  battery  48  voltage  V  divided  by  the  predeter- 
mined  fixed  resistance  R  across  switch  S2,  the 
current  detector  60  will  maintain  S1  in  an  open 

75  circuit  position  so  that  tamper  signal  generator  Ta 
will  not  be  energized  and  will  remain  off.  However, 
if  switch  S2  is  either  open  circuited  or  short  cir- 
cuited,  then  the  current  detector  60  will  not  detect 
the  predetermined  current  flow  (i.e.,  I  =  V/R)  and 

20  will  close  S1,  thereby  turning  on  tamper  signal 
generator  Ta.  Thus,  in  order  for  a  thief  or  kidnapper 
to  remove  the  transmitter  module  7  from  an  infant 
without  energizing  tamper  signal  generator  Ta  (by 
placing  a  predetermined  circuit  across  the  termi- 

25  nals  of  S2),  the  thief  must  know  the  predetermined 
fixed  resistance  value  R. 

The  RF  signal  generators  Ta  and  M  are  trans- 
mitters  which  generate  coded  signals  A  and  m, 
respectively.  By  way  of  example  only,  these  RF 

30  signal  generators  employ  a  binary  frequency  mod- 
ulated  (FM)  coding  and  operate  at  a  frequency  on 
the  order  of  314  megahertz.  Such  binary  coded 
signals  are  generated  by  transmitting  the  RF  signal 
such  that  at  predetermined  time  intervals  the  signal 

35  is  either  on  or  off,  thereby  representing  the  values 
"1  "  or  "0".  A  first  predetermined  combination  of 
"1's  and  "0"s  is  utilized  to  represent  a  tamper 
signal  A,  whereas  a  second  combination  of  "1's" 
and  "0's"  is  utilized  to  represent  the  maintenance 

40  signal  m.  Each  transmitting  module  7  and  asso- 
ciated  receiver  13  is  set  to  respectively  transmit 
and  receive  unique  codes. 

RF  signal  generating  devices  Ta  and  M  may 
be  of  the  type  sold  as  Sentrol  model  numbers 

45  7201,  7202  or  7302  (out  of  Portland,  Oregon).  In 
implementing  signal  generators  Ta  and  M,  switches 
such  as  those  used  in  the  Sentrol  devices  would  be 
opened  or  closed  to  select  a  first  distinct  code 
representing  a  tamper  signal  A  and  a  second  dis- 

50  tinct  code  representing  maintenance  signal  m. 
As  shown  in  Figure  1,  the  RF  transmitting 

module  7  also  includes  a  magnetic  strip  11.  The 
magnetic  strip  1  1  is  a  thin  strip  of  magnetic  ma- 
terial  which  when  activated  produces  a  low  fre- 

55  quency  alternating  electromagnetic  field.  The  mag- 
netic  strip  11  is  disposed  on  a  portion  of  the  RF 
transmitting  module  7  which  is  not  directly  adjacent 
to  the  terminals  of  the  transmitting  antenna  9  (so  as 

is  implanted  in  plastic  leg  strap  52.  Thus,  under 
normal  conditions,  battery  48  will  be  coupled  to  coil 
46  and  current  will  flow  through  the  relay  coil  46. 
This  current  flow  holds  switch  S1  in  the  open 
position  maintaining  tamper  signal  generator  Ta  in 
a  de-energized  state.  However,  if  a  kidnapper  cuts 
plastic  leg  strap  52  (and  metallic  wire  50),  then  the 
current  flow  to  coil  46  will  be  interrupted,  thereby 
causing  switch  S1  to  close  and  tamper  signal  gen- 
erator  Ta  to  be  energized. 

The  RF  transmitter  module  7  shown  in  Figure  3 
is  small  and  lightweight  so  that  it  may  comfortably 
wrap  around  an  infant's  leg  without  interfering  with 
the  movement  of  the  infant.  The  RF  transmitting 
module  7  and  associated  band  52  somewhat  re- 
semble  a  watch  with  the  RF  circuitry  encapsulated 
in  a  rugged  plastic  enclosure  at  the  head  of  the 
watch. 

When  the  present  invention  is  utilized  to  pro- 
tect,  for  example,  valuable  art  objects,  it  is  con- 
templated  that  the  switching  module  SW  and 
switches  S1  and  S2  will  be  implemented  by  a 
conventional  mechanical  switching  module  having 
two  switches  which  are  coupled  such  that  when 
one  switching  contact  is  closed,  the  other  is 
opened  and  vice  versa. 

When,  for  example,  the  present  invention  is 
used  for  protecting  a  valuable  art  object,  the  meth- 
od  of  mounting  the  RF  transmitter  7  to  the  valuable 
object  must  served  to  close  or  otherwise  place  a 
short  circuit  across  switch  S2.  If  the  switch  S2 
shown  in  Figure  1  was,  prior  to  mounting,  spring 
biased  to  be  in  the  normally  opened  position  then 
the  transmitter  would  be  mounted  to  the  valuable' 
object  such  that  switch  S2  is  forced  to  the  closed 
position  shown  in  Figure  1. 

Thus,  if  an  attempt  is  made  to  physically  sepa- 
rate  the  RF  transmitter  7  from  the  valuable  object, 
switch  S2  will  return  to  its  normally  open  position. 
Thus,  as  long  as  the  RF  transmitter  7  remains 
attached  to  the  valuable  object,  switch  S2  is 
closed,  switch  S1  is  opened  (as  shown  in  Figure  1) 
and  the  tamper  signal  generator  Ta  is  off.  However, 
if  the  RF  transmitter  7  is  physically  removed  from 
the  valuable  object,  switch  S2  will  open,  switch  S1 
will  close  and  the  tamper  signal  generator  Ta  will 
be  turned  on  resulting  in  the  transmission  of  coded 
signals  A. 

Regardless  of  the  object  to  be  secured,  the 
design  of  the  RF  transmitter  package  must  be  such 
that  the  terminals  of  switch  S2  are  not  accessible. 
If  a  thief  or  kidnapper  can  place  an  external  short 
circuit  across  switch  S2,  then  the  RF  transmitter  7 
can  be  removed  from  the  valuable  object  without 
transmitting  the  tamper  code  A.  Thus,  switch  S2 
shown  in  Figure  1  when  protecting  valuable  objects 
will  have  its  terminals  disposed  in  a  non-accessible 
position  between  the  valuable  object  and  the  RF 
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to  avoid  any  potential  problems  relating  to  detuning 
the  antenna  9).  Alternatively,  the  magnetic  strip  1  1 
may  be  disposed  on  the  plastic  leg  strap  52  which 
attaches  the  RF  transmitting  module  7  to  the  in- 
fant's  leg. 

The  signal  generated  by  the  activated  mag- 
netic  strip  1  1  is  a  low  frequency  signal  that  is  not 
significantly  attenuated  after  passing  through  most 
objects.  Thus,  if  an  infant  is  placed  in  a  pillowcase 
or  the  like,  the  low  frequency  signal  passes  through 
the  pillowcase  without  being  significantly  attenu- 
ated  as  would  a  much  higher  frequency  signal.  The 
magnetic  strip  11  (and  the  associated 
activating  deactivating  hardware)  may  be  of  the 
type  produced  by  3M  Corporation  and  known  as 
WHISPERTAPE. 

The  magnetic  material  in  magnetic  strip  11 
upon  being  activated  alternates  its  polarity  at  a  low 
frequency  to  generate  an  alternating  electromag- 
netic  field  which  may  be  detected  by  an  associated 
magnetic  receiver.  The  security  system  of  Figure  1 
thus  includes  a  plurality  of  magnetic  receivers  25, 
29.  etc..  which  are  disposed  at  all  portals,  eleva- 
tors,  doorways,  etc.,  through  which  one  must  pass 
to  exit  the  maternity  ward.  Associated  with  each 
magnetic  receiver  25  and  29  is  an  alarm  27  and 
31  ,  respectively. 

The  magnetic  receivers  25,29  may  of  the  type 
manufactured  by  3M  and  used  in  association  with 
the  magnetic  strip  of  the  WHISPERTAPE  system. 
These  receivers  serve  to  detect  the  electromag- 
netic  field  generated  by  the  activated  magnetic 
strip  of  any  of  the  transmitting  modules  7.  If  an 
activated  magnetic  strip  1  1  passes  through  a  portal 
associated  with  a  doorway  3  or  elevator  5,  an  alarm 
27,  31  associated  with  a  magnetic  receiver  25,  29 
will  be  triggered. 

Turning  next  to  the  RF  receiver  module  13 
shown  in  Figure  1,  the  receiver  13  has  an  antenna 
15  which  receives  and  detects  the  signals  transmit- 
ted  by  an  associated  RF  transmitting  module  7.  As 
was  the  case  with  the  RF  transmitting  antenna  9, 
the  RF  receiving  antenna  15  is  impedance  matched 
to  the  receiver  channels  A  and  m  and  has  an 
omnidirectional  receiving  pattern. 

The  RF  receiver  13  has  two  channels  m  and  A, 
the  m  channel  being  tuned  to  receive  the  main- 
tenance  signal  m  and  the  A  channel  being  tuned  to 
receive  the  tamper  signal  A.  These  channels  are 
designed  to  receive  only  the  specific  coded  signals 
transmitted  by  their  companion  RF  transmitter  7 
and  to  reject  all  other  transmissions. 

For  example,  each  channel  stores  therein  a  set 
of  "1's"  and  "0's"  corresponding  to  the  coded 
signals  transmitted  by  the  tamper  signal  generator 
Ta  and  the  maintenance  signal  generator  M,  re- 
spectively.  Each  channel  then  receives  an  incom- 
ing  bit  stream  and  compares  the  input  signal  with 

its  stored  code. 
In  regard  to  channel  A,  if  the  coded  signal  A 

generated  by  the  tamper  signal  generator  Ta  is 
detected  by  channel  A,  an  audible  alarm  17  is 

5  triggered  and  optionally  a  flashing  light  19  is  en- 
ergized.  Channel  m  in  a  similar  manner  detects  the 
transmitted  maintenance  signal  m,  triggers  alarm 
17  and  optionally  flashing  light  19  in  the  absence  of 
detecting  a  maintenance  signal  for  a  predetermined 

io  time  period.  By  mounting  the  receiver  module  13 
with  its  associated  alarms  on  an  infant's  cart,  the 
specific  infant  in  danger  is  identified. 

As  noted  above,  maintenance  signal  m  is  emit- 
ted  every  Tm  seconds.  If  after  Tm  seconds  the 

75  maintenance  signal  m  has  not  been  received,  it  is 
possible  that  the  RF  transmitter  module  7  has  been 
removed  a  large  enough  distance  from  its  asso- 
ciated  RF  receiver  13  that  the  signal  strength  is  too 
weak  to  be  picked  up.  However,  an  alternative 

20  possibility  is  that  the  RF  transmitter  7  has  been 
damaged  either  intentionally  or  by  accident.  In  ei- 
ther  case,  the  receiver  module  13  should  trigger  an 
alarm. 

The  transmitter  module  7  and  the  associated 
25  receiving  module  13  should  be  designed  such  that 

the  transmitter's  power  and  the  receiver's  sensitiv- 
ity  are  sufficient  to  communicate  at  a  distance  of  at 
least  100  feet.  Under  such  circumstances,  the 
transmitted  signals  would  certainly  be  received  by 

30  a  receiver  13  disposed  approximately  20  feet  from 
its  associated  transmitter  7  (the  distance  which 
would  typically  separate  an  infant  from  its  receiver 
containing  cart). 

There  are,  however,  other  reasons  for  the  re- 
35  ceiving  module  13  not  detecting  a  maintenance 

signal  m.  In  this  regard,  there  could  be  a  temporary 
generation  of  RF  noise  in  the  vicinity  which  inter- 
feres  with  the  operation  of  the  receiver  13.  Like- 
wise,  a  large  metal  object  may  have  been  tem- 

40  porarily  placed  between  the  RF  transmitter  7  and 
the  receiver  13. 

To  minimize  interference  generated  false 
alarms,  the  maintenance  channel  m  is  preferably 
designed  such  that  it  triggers  alarms  17,  19  only  if 

45  it  fails  to  receive  several  maintenance  signals  m  in 
a  row.  That  is,  the  receiver  module  13  will  not 
generate  a  maintenance  alarm,  unless  maintenance 
signal  m  is  not  received  for  TR  seconds,  where  TR 
is  larger  than  Tm.  The  larger  TR  is  chosen  the 

so  smaller  the  probability  of  a  false  maintenance 
alarm  being  generated.  However,  increasing  TR 
also  increases  the  time  before  a  legitimate  main- 
tenance  alarm  is  triggered,  if  an  infant  or  valuable 
art  object  is  removed  from  its  proper  area  of  if  the 

55  RF  transmitter  is  destroyed.  In  order  to  properly 
balance  these  two  concerns,  setting  TR  to  approxi- 
mately  ten  seconds  is  a  reasonable  compromise. 

Timing  circuit  16  shown  in  block  form  in  Figure 
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plates  (particularly  where  objects  to  be  secured 
remain  stationary  in  a  reasonably  small  area)  that 
as  opposed  to  having  a  separate  receiver  module 
13  for  each  RF  transmitting  module  7,  a  companion 

5  channel  of  a  multichannel  receiver  may  be  utilized 
instead.  In  this  regard,  the  Sentrol  model  7004 
receiver  may  serve  as  a  multichannel  version  of  the 
previously  mentioned  Sentrol  7001.  By  using  such 
a  multichannel  version  each  channel  in  the  mul- 

w  tichannel  receiver  shares  the  single  antenna  asso- 
ciated  with  the  multichannel  receiver,  thereby 
avoiding  the  use  of  a  separate  receiving  antenna 
for  each  receiver  module  13  as  in  the  embodiment 
shown  in  Figure  1.  Each  channel  in  such  a  mul- 

75  tichannel  receiver  is  capable  of  detecting  a  unique 
transmitted  code. 

A  further  alternative  to  having  a  single  RF 
receiver  13  tied  to  the  infant's  cart  would  be  to 
place  several  RF  receivers  13  (which  are  asso- 

20  ciated  with  a  single  RF  transmitting  module  7) 
around  the  maternity  ward  so  that  the  infant  with  its 
attached  RF  transmitter  7  is  never  very  far  from  an 
RF  receiver  1  3.  The  outputs  from  these  RF  receiv- 
ers  13  would  be  coupled  together.  This  alternative 

25  has  the  disadvantage  of  increasing  the  amount  of 
hardware  required  to  implement  the  security  sys- 
tem  and  likewise  increasing  the  installation  ex- 
pense  in  view  of  the  need  to  tie  together  the 
outputs  of  the  associated  RF  receivers  13. 

30  In  the  security  system  of  the  present  invention 
an  alarm  condition  is  indicated  by  the  tamper  sig- 
nal  A  being  received  by  the  RF  receiver  13,  the 
maintenance  m  not  being  received  by  RF  receiver 
13  for  a  predetermined  period  of  TR  seconds  and 

35  the  signal  emanating  from  the  magnetic  strip  11 
being  received  by  a  magnetic  receiver  25,  29  etc. 
Either  of  these  conditions  trigger  an  audible  alarm 
and  optionally  a  flashing  light. 

The  basic  function  of  the  alarm  is  to  alert 
40  security  personnel  so  that  they  can  take  appro- 

priate  action  and  to  upset  or  interfere  with  the 
burglar  or  kidnapper.  The  alarm  can  consist  of  an 
audible  horn  or  bell  and/or  a  flashing  light  driven  by 
the  various  receivers  in  the  system. 

45  In  a  more  sophisticated  embodiment  of  the 
present  invention,  it  is  contemplated  that  an  alarm 
signal  generated  by  a  particular  receiver  may  be 
sent  to  a  central  control  panel  so  that  exit  doors 
may  be  locked,  security  personnel  and/or  police 

50  alerted,  etc.  Since  the  infant  carts  on  which  the  RF 
receivers  13  are  mounted  are  portable  and  are 
often  moved,  it  is  not  practical  to  transmit  such 
alarm  signals  to  a  central  control  panel  by  a  fixed 
wiring  system.  Thus,  the  present  invention  con- 

55  templates  transmitting  a  RF  signal  indicative  of  an 
alarm  condition  from  each  portable  receiver  13  to  a 
fixed  receiver.  Such  a  fixed  receiver  would  then  be 
wired  to  transmit  a  signal  to  a  central  control  panel 

1  represents  a  logic  circuit  for  setting  TR.  This 
circuit  may  be  implemented  by  a  slightly  modified 
version  of  the  timing  circuit  in  Figure  2  as  shown  in 
Figure  5.  In  this  regard,  clock  pulses  of  period  Tc 
may  be  utilized  to  drive  a  counter  70  which  is 
designed  to  count  from  1  to  N,  where  N  =  TR/Tc 
to  thereby  generate  a  counter  output  transition  from 
logical  "0"  to  "1  "  every  TR  seconds.  One  shot  42 
in  Figure  2  is  replaced  by  a  flip  flop  72  which 
triggers  alarms  17,19  in  response  to  a  counter  72 
output  transition  from  logical  "0"  to  "1  ".  A  signal 
from  maintenance  channel  m,  which  indicates  that 
a  transmitted  maintenance  signal  has  been  de- 
tected,  is  used  to  drive  the  reset  input  R  of  counter 
72  . 

Thus,  timing  circuit  16  shown  in  Figure  5  (or 
another  similar  timing  circuit)  is  associated  with 
receiving  channel  m  for  producing  a  maintenance 
alarm  if  maintenance  signal  m  is  not  received  for  a 
predetermined  TR  seconds.  A  maintenance  alarm  is 
therefore  generated  within  TR  seconds  if  the  power 
to  the  RF  transmitter  module  7  is  interrupted  or  is 
too  low  or  if  the  RF  transmitter  7  is  physically 
destroyed  or  if  the  RF  receiver  13  is  jammed  with 
RF  radiation. 

From  time  to  time  it  is  necessary  for  an  infant 
in  a  maternity  ward  to  be  moved  from  one  room  to 
another.  Such  movement  presents  potential  prob- 
lems  for  a  security  system  which  depends  on  an 
RF  transmitter  being  reasonably  close  to  an  asso- 
ciated  RF  receiver. 

This  potential  problem  has  been  overcome  in 
the  present  invention  by  the  recognition  that  infants 
in  a  maternity  ward  spend  almost  all  their  time  on  a 
cart  which  contains  the  infant's  crib.  Occasionally 
infants  are  removed  from  the  cart  to  be  fed,  bathed 
or  examined  but  even  under  such  circumstances 
they  are  typically  within  several  yards  of  the  cart. 
Thus,  as  shown  in  Figure  1,  the  RF  receivers  13A 
to  13Z  are  advantageously  mounted  on  the  infants' 
carts.  Since  the  cart  is  contemplated  to  be  moved, 
the  RF  receivers  13  are  battery  powered  units. 

As  indicated  above,  each  RF  transmitting  mod- 
ule  7  and  associated  receiver  13  have  the  same 
unique  maintenance  and  tamper  codes'  (m  and  A) 
and  are  used  as  matched  pairs.  In  order  to  match 
the  Sentrol  RF  transmitters  referred  to  above,  the 
receiver  channels  m  and  A  may  be  of  the  type  sold 
as  Sentrol  model  7001  Series  single  channel  wire- 
less  receiver. 

If  there  are  many  infants  or  valuable  objects 
within  a  given  area  to  be  protected  (as  schemati- 
cally  represented  in  Figure  1),  then  an  RF  transmit- 
ter  module  7  must  be  mounted  on  each  object. 
Each  RF  transmitter  7  must  generate  uniquely  cod- 
ed  maintenance  and  alarm  signals,  and  be  asso- 
ciated  with  a  companion  RF  receiving  module  13. 

The  present  invention  additionally  contem- 
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avoids  such  potential  problems.  In  this  system, 
auxiliary  receive  antennas  94  and  associated  am- 
plifiers  96  are  located  around  the  maternity  ward  so 
that  each  of  the  RF  transceivers  97  are  reasonably 

5  close  to  at  least  two  of  the  auxiliary  receive  anten- 
nas  94  at  any  time  (even  as  the  infant  cart  is 
moved  to  various  locations  in  the  ward).  If  an  RF 
transceiver  92  sends  an  alarm  signal,  there  is  a 
very  high  probability  that  it  will  be  received  by  at 

10  least  one  of  these  auxiliary  antennas  94.  The  out- 
puts  of  the  auxiliary  antennas  94  are  amplified  by 
amplifiers  96  and  sent  by  RF  cable  to  the  central 
control  panel  90.  A  conventional  multiplexer  98  is 
used  to  couple  one  auxiliary  antenna  line  at  a  time 

75  to  control  panel  90  so  that  signals  from  several 
auxiliary  antennas  94  can  not  interfere  with  each 
other  at  the  central  control  panel  90. 

While  the  invention  has  been  described  in  con- 
nection  with  what  is  presently  considered  to  be  the 

20  most  practical  and  preferred  embodiments,  it  is  to 
be  understood  that  the  invention  is  not  to  be  limited 
to  the  disclosed  embodiments,  but  on  the  contrary, 
it  is  intended  to  cover  various  modifications  and 
equivalent  arrangements  included  within  the  spirit 

25  and  scope  of  the  appended  claims. 

or  the  like. 
In  accordance  with  this  embodiment  of  the 

present  invention,  RF  transmission  is  used  to  send 
alarm  and  or  other  signals  from  the  RF  receivers  13 
to  a  central  control  panel.  Figure  6  shows  one 
technique  for  implementing  such  RF  transmission 
for  the  alarm  channel  A  of  the  RF  receiver  module 
13.  It  should  be  understood  that  a  similar  im- 
plementation  is  used  for  the  maintenance  channel 
M.  A  RF  transceiver  is  shown  in  Figure  6  which 
includes  two  direction  couplers  82,  86  and  an  RF 
amplifier  84.  A  directional  coupler  is  a  conventional 
device  which  permits  RF  energy  to  pass  only  if  it  is 
propagating  in  a  predetermined  direction  (as  repre- 
sented  by  the  arrows  in  Figure  6). 

As  indicated  in  Figure  6  when  tamper  signal  A 
is  received  by  antenna  80,  it  goes  via  coupler  82  to 
the  channel  A  detector  which  in  turn  energizes 
local  sirens  and/or  lights.  Additionally,  a  portion  of 
signal  A  is  sent  to  RF  amplifier  84,  directional 
coupler  86  and  then  back  to  the  antenna  80  to  be 
reradiated. 

Use  of  the  RF  transceiver  shown  in  Figure  6 
has  at  least  two  advantages.  First,  the  reradiated 
signal  is  uniquely  coded  exactly  as  the  incoming 
alarm  signal,  and  thus  when  it  gets  to  the  central 
control  panel  it  will  identify  which  RF  transmitter  7 
transmitted  the  original  alarm  signal  (which  will 
identify  which  infant  is  in  danger).  Also,  it  is  not 
necessary  for  the  RF  transceiver  to  have  the  cir- 
cuitry  to  generate  the  coded  signal  A.  Since  the  RF 
transceiver  is  mounted  on  the  infant  cart,  size  is 
not  a  big  problem,  and  thus  it  is  practical  to  sub- 
stantially  amplify  signal  A  prior  to  it  being  re- 
radiated. 

If  the  maternity  ward  is  confined  within  a  rela- 
tively  small  area  (and  if  a  central  control  panel  is  to 
be  located  in  the  ward),  then  it  may  be  practical  to 
rely  on  (through  the  air)  RF  transmission  to  get  the 
radiated  RF  signal  from  the  RF  transceiver  to  the 
control  panel.  In  this  case,  the  control  panel  would 
have  a  receive  antenna  connected  to  a  multichan- 
nel  version  of  the  RF  receivers  shown  in  Figure  1  . 

If  the  maternity  ward  is  large,  as  represented  in 
Figure  7,  then  there  can  be  a  large  separation 
between  many  of  the  RF  transceivers  92  and  the 
central  control  panel  90.  Since  radiated  power  in 
free  space  varies  inversely  with  the  square  of  the 
distance,  the  RF  signal  strength  at  the  control  pan- 
el  90  may  be  too  weak  to  be  detected.  Also,  there 
may  be  many  walls,  heating  ducts,  and  other  hos- 
pital  equipment  between  the  RF  transceivers  92 
and  the  central  control  panel  90,  which  will  further 
attenuate  the  signal.  These  other  obstacles  can 
even  produce  multiple  reflections  of  the  RF  signal 
which  couid  cancel  each  other  at  the  central  control 
panel  90. 

The  transmission  system  shown  in  Figure  7 

Claims 

30  1  .  A  valuable  object  security  system  for  thwart- 
ing  the  kidnapping  or  unauthorized  taking  of  said 
object  from  a  predetermined  area  having  at  least 
one  exit,  said  valuable  object  security  system  be- 
ing  characterized  by: 

35  transmitting  means  (7)  securably  attached  to  said 
valuable  object  for  transmitting  security  indicating 
signals; 
said  transmitting  means  including: 
tamper  signal  generating  means  (Ta)  for  generating 

40  a  unique  coded  tamper  signal  indicative  of  un- 
authorized  tampering  with  said  transmitting  means, 
and 
maintenance  signal  generating  means  (M,8)  for  pe- 
riodically  generating  a  unique  coded  maintenance 

45  signal  indicative  of  the  valuable  object  being  within 
said  predetermined  area. 

2.  A  valuable  object  security  system  according 
to  Claim  1  further  including: 
receiving  means  (13)  associated  with  said  transmit- 

so  ting  means  and  including: 
first  channel  means  (CHA)  for  detecting  said  tam- 
per  signal  and  for  generating  an  alarm  triggering 
signal  in  response  thereto, 
second  channel  means  (CHM)  for  detecting  said 

55  periodically  generated  maintenance  signal  and  for 
generating  an  alarm  triggering  signal  in  response  to 
detecting  the  absence  of  a  maintenance  signal  for 
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transmitted  from  said  receiving  means;  and 
means  for  coupling  said  auxiliary  receiving  means 
to  said  central  control  panel. 

12.  A  valuable  object  security  system  accord- 
5  ing  to  claim  3,  wherein  said  transmitting  means  is 

encapsulated  in  a  rugged  plastic  and  includes  plas- 
tic  leg  strap  means  for  attaching  said  transmitting 
means  to  the  leg  of  an  infant. 

13.  A  method  of  thwarting  the  kidnapping  of 
10  infants  from  the  maternity  ward  of  a  hospital  or  the 

like  having  at  least  one  exit  through  which  an  infant 
may  be  transported,  said  method  characterized  by: 
securably  attaching  a  transmitting  means  (7)  to  a 
plurality  of  infants; 

75  generating  and  transmitting  coded  signals  from 
each  transmitting  means  (7)  indicative  of  predeter- 
mined  infant  security  conditions; 
detecting  with  a  receiver  means  (13)  associated 
with  said  transmitting  means  (7)  said  transmitted 

20  coded  signals;  and 
selectively  energizing  an  alarm  (17,19)  upon  the 
detection  of  an  infant  security  condition  which  may 
be  indicative  of  the  abduction  of  an  infant. 

14.  A  method  according  to  claim  13,  including 
25  the  step  of  generating  (Ta)  a  uniquely  coded  tam- 

per  signal  indicative  of  tampering  with  said  trans- 
mitting  means. 

15.  A  method  according  to  claim  13,  including 
the  step  of  periodically  generating  coded  signals 

30  (M)  from  each  of  said  transmitting  means  indicative 
of  the  infant  being  within  a  predetermined  distance 
of  said  receiver  means  and  not  shielded  from  an 
associated  receiver  means. 

16.  A  method  according  to  claim  13,  further 
35  including  the  step  of  mounting  said  receiving 

means  on  or  adjacent  to  the  crib  of  the  infant 
wearing  the  transmitting  means  associated  with 
said  receiving  means. 

a  prdetermined  period  of  time;  and 
alarm  means  (17,19)  responsive  to  said  alarm  trig- 
gering  signals  for  providing  an  indication  thereof. 

3.  A  valuable  object  security  system  according 
to  claim  1  ,  wherein  said  valuable  object  is  an  infant 
and  said  predetermined  area  is  a  maternity  ward  or 
children's  ward  in  a  hospital. 

4.  A  valuable  object  security  system  according 
to  claim  1  ,  wherein  said  transmitting  means  further 
includes  energizable  means  (11)  for  generating  a 
signal  which  may  be  detected  (25)  when  said  at 
least  one  transmitting  means  is  disposed  within  a 
predetermined  distance  from  an  associated  detec- 
tor  means. 

5.  A  valuable  object  security  system  according 
to  claim  4,  further  including  at  least  one  detector 
means  (25)  disposed  at  said  at  least  one  exit  for 
detecting  signals  generated  by  said  energizable 
means,  and  exit  alarm  means  (27)  associated  with 
said  detector  means  for  providing  an  indicating  of 
an  alarm  condition. 

6.  A  valuable  object  security  system  according 
to  claim  1,  wherein  said  transmitting  means  in- 
cludes  antenna  means  (9)  coupled  to  receive  sig- 
nals  from  said  tamper  signal  generating  means  (Ta) 
and  said  maintenance  signal  generating  means  (M) 
for  transmitting  signals  input  thereto. 

7.  A  valuable  object  security  system  according 
to  claim  6,  wherein  said  transmitting  means  is  a 
radio  frequency  (RF)  transmitter  (9)  and  wherein 
said  antenna  means  emits  a  substantially  om- 

•nidirectional  radiation  pattern. 
8.  A  valuable  object  security  system  according 

to  claim  1,  further  including  switch  means  (SW), 
coupled  to  said  tamper  signal  generator  means,  for 
initiating  the  generation  of  said  coded  tamper  sig- 
nal  upon  detecting  a  tampering  indicating  con- 
dition. 

9.  A  valuable  object  security  system  according 
to  claim  8,  wherein  said  switch  means  coupled  to 
said  tamper  signal  generating  means  includes  first 
switch  means  (51)  for  normally  preventing  energiz- 
ing  signals  from  initiating  the  operation  of  said 
tamper  signal  generating  means,  and  second 
means  (52)  operatively  coupled  to  said  first  switch 
means  for  controlling  said  first  switch  means  to 
pass  energizing  signals  to  said  tamper  signal  gen- 
erating  means  upon  detection  of  a  tampering  in- 
dicating  condition. 

10.  A  valuable  object  security  system  accord- 
ing  to  claim  2,  wherein  said  receiving  means  in- 
cludes  means  for  retransmitting  (80)  said  detected 
unique  coded  signals. 

11.  A  valuable  object  security  system  accord- 
ing  to  claim  10,  further  including  a  plurality  of 
auxiliary  receiving  means  (94)  for  receiving  said 
retransmitted  unique  coded  signals; 
a  central  control  panel  (90)  for  receiving  signals 
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