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(54)  Projectile  surveillance  apparatus. 

(57)  A  surveillance  apparatus  which  comprises  a  projectile  for  firing  toward  a  region  to  be  surveyed, 
housed  within  the  body  (1)  of  the  projectile  a  payload  capsule  (9)  and,  incorporated  within  the  projectile, 
an  expulsion  charge  (39),  the  projectile  body  (1)  having  a  construction  which  splits  when  the  expulsion 
charge  (39)  is  initiated  permitting  the  payload  capsule  (9)  to  be  ejected  from  the  body  (1),  the  payload 
body  having  means  (11)  to  retard  its  forward  motion  and  carrying  a  surveillance  camera  (23)  and  a  video 
transmitter  (25),  the  camera  being  arranged  so  as  to  survey,  in  operation,  the  region  in  front  of  the 
capsule  (9)  and  to  provide  its  output  as  an  input  signal  to  the  transmitter,  the  projectile  and/or  the 
capsule  being  provided  with  means  (27)  for  substantially  eliminating  the  spin  of  the  capsule  thereby 
allowing  the  picture  recorded  by  the  camera  to  be  substantially  stabilised. 
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The  present  invention  relates  to  projectile  sur- 
veillance  apparatus. 

In  a  battlefield  scenario  it  is  desirable  to  be  able 
to  survey  the  landscape  remotely.  The  present  inven- 
tion  is  concerned  with  surveying  the  landscape  by  fir- 
ing  from  a  gun  or  other  conventional  propulsion 
means  over  the  area  to  be  observed  a  projectile  car- 
rying  an  arrangement  for  recording  and  transmitting 
images  to  a  remote  receiver. 

According  to  the  present  invention  a  surveillance 
apparatus  comprises  a  projectile  for  firing  toward  a 
region  to  be  surveyed,  housed  within  the  body  of  the 
projectile  a  payload  capsule  and,  incorporated  within 
the  projectile,  an  expulsion  charge,  the  projectile  body 
having  a  construction  which  splits  when  the  expulsion 
charge  is  initiated  permitting  the  payload  capsule  to 
be  ejected  from  the  body,  the  payload  body  having 
means  to  retard  its  forward  motion  and  carrying  a  sur- 
veillance  camera  and  a  video  transmitter,  the  camera 
being  arranged  so  as  to  survey,  in  operation,  the  reg- 
ion  in  front  of  the  capsule  and  to  provide  its  output  as 
an  input  signal  to  the  transmitter  the  projectile  and/or 
the  capsule  being  provided  with  means  for  substan- 
tially  eliminating  the  spin  of  the  capsule  thereby  allow- 
ing  the  picture  recorded  by  the  camera  to  be 
substantially  stabilised. 

It  has  been  reported  in  a  recent  publication  that  a 
video  imaging  projectile  has  been  developed  which 
consists  of  an  artillery  shell  incorporating  a  single 
photodiode  that  looks  through  a  lucite  window  in  the 
shell.  As  the  shell  passes  over  the  area  of  interest  the 
scene  information  detected  by  the  spinning  photo- 
diode  is  digitized  and  transmitted  by  radio  link  to  the 
ground  where  the  image  is  reconstructed  on  a  com- 
puter. 

The  concept  of  the  apparatus  according  to  the 
present  invention  was  invented  and  a  practical  design 
was  developed  before  the  aforementioned  publication 
and  therefore  owes  no  causal  link  to  that  publication. 
Nevertheless,  the  apparatus  according  to  the  present 
invention  is  substantially  different  from  the  said  pro- 
jectile  of  the  said  publication  and  shows  the  following 
unexpected  advantages.  By  ejecting  the  payload  cap- 
sule  from  the  projectile  and  retarding  the  forward 
motion  and  the  spin  of  the  capsule  the  camera  carried 
on  the  capsule  is  able  to  provide  to  the  transmitter  real 
time  stabilised  picture  signals  of  the  scene  in  front  of 
the  camera  over  a  relatively  long  surveillance  period 
in  a  selected,  localised  region  at  a  relatively  low 
height,  eg.  500m  and  less,  above  the  ground.  The  sig- 
nals  transmitted  to  a  remote  receiver  can  be  displayed 
on  a  suitable  display  to  which  the  receiver  is  connec- 
ted  without  the  need  for  substantial  signal  processing 
(other  than  as  normally  employed  to  convert  a  trans- 
mitted  carrier  signal  into  a  display  picture)  either  at  the 
transmitter  or  receiver  end. 

In  contrast,  the  signals  produced  by  the  detector 
of  the  projectile  of  the  said  publication  would  require 

signal  processing  to  be  carried  out  at  both  the  trans- 
mitter  and  receiver  ends  in  order  to  produce  a  stabil- 
ised  picture,  the  signal  processing  would  be  required 
to  register  the  precise  trajectory  shape  and  spin  rate 

5  of  the  projectile.  Since  these  parameters  can  be  affec- 
ted  by  such  environmental  factors  as  wind  and  rain 
causing  signal  processing  errors,  the  received  picture 
signal  may  be  adversely  affected.  Because  of  inevit- 
able  delays  by  the  signal  processing  the  picture  signal 

10  displayed  is  not  a  real-time  representation  of  the 
scene  surveyed  as  the  projectile  carrying  the  spinning 
detector  will  normally  travel  rapidly  over  the  surveyed 
area  at  an  appreciable  height  above  the  ground  the 
period  of  surveillance  of  a  given  target  region  of  inter- 

15  est  may  be  unacceptably  low. 
In  the  apparatus  according  to  the  present  inven- 

tion,  the  expulsion  charge  may  be  arranged  to  be 
initiated  by  a  fuze,  which  may  be  a  conventional  time 
fuze  which  operates  after  a  set  period  of  time  after  fir- 

20  ing  of  the  projectile  the  time  being  pre-determined  to 
select  the  area  of  ground  to  be  surveyed  by  the 
apparatus. 

The  said  means  for  substantially  eliminating  the 
spin  of  the  capsule  may  comprise  a  spring  loaded  fin 

25  assembly  providing  in  operation  fins  projecting  later- 
ally  with  respect  to  the  axis  of  spin  of  the  capsule  - 
thereby  resisting  the  spin.  The  fins  may  have  a  con- 
cave  curvature  facing  the  targential  direction  of  spin 
to  assist  the  retarding  action. 

30  In  a  preferred  form  of  the  invention,  the  payload 
capsule  may  itself  incorporate  an  inner  capsule  which 
is  adapted  to  be  separated  from  the  payload  capsule 
and  its  retarding  means  comprising  parachute  and 
fins.  The  inner  capsule  may  itself  have  a  parachute 

35  attached  thereto  by  a  flexible  coupling  further  to  retard 
its  forward  motion  and  a  spring  loaded  fin  assembly 
providing  in  operation  further  laterally  projecting  fins 
to  retard  the  spin  of  the  inner  capsule.  The  inner  cap- 
sule  carries  the  camera,  transmitter  and  their  power 

40  source  which  may  comprise  a  conventional  thermal  or 
lithium  battery.  The  battery  may  be  arranged  to  be 
activated  when  the  payload  capsule  is  separated  from 
the  projectile  so  that  after  the  flight  of  the  inner  cap- 
sule  has  been  stabilised  following  its  separation  from 

45  the  payload  capsule  the  camera  and  transmitter  are 
operational. 

In  the  said  preferred  form  of  the  invention  the 
inner  capsule  may  be  separated  from  the  payload 
capsule  by  a  secondary  separation  charge.  The  sec- 

50  ondary  separation  charge  may  be  initiated  a  pre- 
determined  time  after  the  aforementioned  (primary) 
separation  charge  by  a  conventional  pyrotechnic 
delay  ignition  train  between  the  two  charges. 

The  parachute  attached  to  the  inner  capsule  may 
55  advantageously  be  larger  than  that  attached  to  the 

payload  capsule.  If  a  single  large  parachute  is  applied 
from  a  capsule  travelling  at  the  projectile  forward 
speed  there  is  a  significant  risk  of  the  parachute  being 
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ripped  and/or  tangled.  By  retarding  the  inner  capsule 
in  two  stages  in  the  preferred  form  as  described  this 
risk  is  avoided. 

The  said  camera  may  comprise  a  conventional 
television  camera  operating  in  the  visible  and/or  infra- 
red  spectral  region  (ie.  detecting  either  a  visual  or 
thermal  image  of  the  surveyed  region).  It  may  for 
example  comprise  a  known  charge  coupled  device 
(CCD)  photoconductive  array.  The  video  transmitter 
arranged  to  transmit  electromagnetic  signals  corre- 
sponding  to  the  detected  picture  may  operate  in  any 
of  the  conventional  television  frequencies.  A  conven- 
tional  television  receiver  receiving  pictures  transmit- 
ted  by  the  transmitter  may  be  at  a  remote  command 
site  and  operated  and  observed  by  a  person  who  is  in 
radio  contact  with  persons  who  are  in  different  loca- 
tions.  Alternatively,  the  persons  could  carry  man-port- 
able  receiver  packs  to  observe  pictures  of  the 
surveyed  region  themselves. 

A  plurality  of  projectiles  each  comprising 
apparatus  according  to  the  present  invention  may  be 
deployed  to  survey  a  given  region.  It  may  be  advan- 
tageous  to  transmit  the  signals  from  the  various  trans- 
mitters  on  such  projectiles  at  different  frequencies  so 
that  the  origin  of  the  received  signal  can  be  desig- 
nated.  This  may  be  achieved  by  incorporating  within 
each  apparatus  a  device  permitting  the  transmitter  to 
operate  at  one  of  a  number  of  frequencies  and  a 
switch  for  pre-selecting  the  frequency.  The  switch 
may  be  conveniently  be  set  electrically  by  applying  a 
suitable  current  pulse  to  contact  studs  on  the  outside 
of  the  projectile  body. 

There  are  various  modes  of  operation  of  para- 
chutes  and  these  may  be  employed  in  the  para- 
chute^)  used  to  retard  the  capsule(s)  carrying  the 
camera,  transmitter  and  their  power  source.  These 
modes  include  so-called  skyhook  and  glide  modes  as 
well  as  a  free-fall  mode. 

The  said  projectile  may  comprise  a  carrier  shell 
for  firing  from  a  howitzer,  eg.  having  one  of  the  widely 
used  calibres,  eg.  155mm,  105mm,  4.5  inches  or 
76mm.  Alternatively  it  may  comprise  a  mortar  projec- 
tile  for  firing  from  a  conventional  mortar  tube. 

The  packaging  of  the  various  components  of  the 
apparatus  within  the  projectile  need  to  be  "gun  har- 
dened"  so  that  they  can  withstand  the  setback  forces 
produced  upon  the  projectile  being  fired.  The 
apparatus  may  comprise  a  lens,  video  camera,  ther- 
mal  battery  and  transmitter,  all  of  which  have  been 
encapsulated  in  suitable  packs  to  ruggedise  them. 

Where  the  projectile  is  an  artillery  shell  this  may 
carry  a  range  extending  device  such  as  a  base  bleed 
unit  to  extend  its  normal  range  by  reducing  its  base 
drag.  Such  a  unit  if  employed  is  preferably  of  a  known 
screw-in  type. 

The  projectile  body  when  split  by  the  expulsion 
charge  may  be  split  by  blowing  out  its  base  bleed  unit. 
Alternatively,  it  may  be  split  at  a  predefined  zone  of 

weakness  elsewhere  on  its  surface. 
The  expulsion  charge  may  comprise  known  solid 

propellant  charges,  eg.  similar  to  those  used  in  gas 
operated  actuators. 

5  Embodiments  of  the  present  invention  will  now  be 
described  by  way  of  example  with  reference  to  the 
accompanying  drawings,  in  which: 

Figure  1  is  a  cross-sectional  side  elevation  of  a 
surveillance  shell  embodying  the  present  invention. 

10  Figure  2  is  a  schematic  flow  diagram  illustrating 
the  various  stages  of  operation  of  the  shell  shown  in 
Figure  1. 

The  shell  shown  in  Figure  1  has  a  body  1  carrying 
a  driving  band  2  and  has  at  its  front  end  a  mechanical 

15  time  fuze  3  and  its  rear  end  a  base  bleed  unit  5 
attached  by  a  screw  thread  joint  7  to  the  side  of  the 
body  1  . 

The  base  bleed  unit  5  is  provided  to  extend  the 
normal  range  of  the  shell  body  1  .  Housed  inside  the 

20  body  1  is  an  expulsion  payload  tube  9  and  its  contents 
together  with  a  drag  parachute  1  1  for  the  payload  tube 
9  packed  inside  the  space  between  the  rear  end  of  the 
tube  9,  the  inside  wall  of  the  body  1  and  the  wall  of  the 
base  bleed  unit  5. 

25  The  drag  parachute  1  1  is  attached  by  a  flexible 
coupling  1  3  to  a  rear  end  cap  14  fitted  on  the  payload 
tube  9.  The  end  cap  14  forms  an  inner  tubular  sleeve 
16  within  the  tube  9  which  has  a  shear  ring  18  provi- 
ding  a  zone  of  weakness  in  the  end  cap  14.  A  main 

30  parachute  15  is  packed  inside  the  sleeve  16  in  front 
of  the  rear  portion  of  the  end  cap  14. 

An  inner  tube  21  is  provided  inside  the  payload 
tube  9  in  front  of  the  parachute  15.  The  rear  end  of  the 
inner  tube  21  is  formed  by  a  housing  17  to  which  the 

35  main  parachute  15  is  attached  by  a  flexible  coupling 
1  9.  The  housing  1  7  houses  a  container  20  for  a  ther- 
mal  battery. 

The  innertube  21  incorporates  a  video  camera  23 
located  in  front  of  and  electrically  connected  to  and 

40  arranged  to  provide  an  input  to  a  uhf  (video)  transmit- 
ter  25.  A  lens  26  is  fitted  in  front  of  the  camera  23. 

The  payload  tube  9  on  its  outer  side  wall  at  its 
front  end,  carries  a  fin  assembly  27  comprising  a  set 
of  four  spring-loaded  retarderfins  and  the  housing  17 

45  carries  on  its  outer  side  wall  a  fin  assembly  29  com- 
prising  a  set  of  two  spring-loaded  retarderfins.  The  fin 
assembly  29  and  the  battery  housing  17  attached  to 
it  form  a  rear  closure  for  the  inner  tube  21  . 

The  front  end  of  the  payload  tube  9  is  in  the  form 
so  of  a  forward  facing  projection  31  having  on  its  outer 

surface  a  forward  facing  recess  33  and  on  its  inner 
surface  a  rearward  facing  recess  35.  The  rearward 
facing  recess  35  houses  a  secondary  expulsion 
charge  37  and  the  forward  facing  recess  33  receives 

55  a  primary  expulsion  charge  39  also  attached  to  and 
arranged  to  be  energised  by  the  fuze  3.  The  charges 
37,  39  are  linked  by  a  delay  pyrotechnic  train  38. 

The  operation  sequence  of  the  surveillance  shell 
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shown  in  Figure  1  is  illustrated  in  Figure  2.  The  shell 
is  fired  in  a  conventional  manner  from  a  howitzer  49. 
It  is  spun  during  firing  by  its  driving  band  2.  The  spin- 
ning  shell  is  illustrated  at  this  first  stage  by  symbol  A 
in  Figure  2.  After  a  predetermined  time  of  flight  the 
fuze  3  operates  to  initiate  the  primary  expulsion 
charge  39  which  expels  the  payload  tube  9  from  the 
body  1  by  blowing  out  the  base  bleed  unit  5.  This  sec- 
ond  stage  is  illustrated  by  symbol  B  in  Figure  2.  The 
fins  of  the  assembly  27  are  allowed  to  open  at  the  sec- 
ond  stage  and  these  fins  retard  the  spin  of  the  tube  9. 
The  drag  parachute  1  1  is  allowed  to  open  and  the  tube 
9  with  the  parachute  1  1  retarding  its  forward  motion 
of  is  illustrated  at  the  stage  illustrated  by  symbol  C  in 
Figure  2. 

After  a  further  delay  determined  by  the  burning 
time  of  the  delay  ignition  train  the  secondary  expul- 
sion  charge  37  is  initiated  causing  the  inner  tube  21 
to  be  expelled  from  the  payload  tube  9  by  blowing  out 
the  end  cap  14  at  the  shear  ring  18  thereby  also 
detaching  the  drag  parachute  11.  This  stage  is  illus- 
trated  by  symbol  D  in  Figure  2. 

Finally,  the  fins  of  the  assembly  29  and  the  main 
parachute  15  open  further  retarding  the  spin  and  for- 
ward  motion  of  the  inner  tube  21  allowing  the  tube  21 
to  fall  to  the  ground  slowly  over  a  period  of  typically  5 
to  6  minutes.  This  final  stage  is  illustrated  by  symbol 
E  in  Figure  2. 

The  thermal  battery  (not  shown)  inside  the  hous- 
ing  17  is  activated  at  stage  B.  The  battery  begins  to 
energise  electrically  the  appliances  connected  to  it, 
namely  the  camera  23  and  transmitter  25  and  by  the 
time  the  inner  tube  21  reaches  stage  E  the  camera  23 
and  transmitter  25  are  operational  allowing  radio  sig- 
nals  and  describing  the  picture  of  a  target  T  observed 
by  the  camera  23  to  be  transmitted  by  the  transmitter 
25  to  a  remote  receiver  (not  shown). 

Claims 

stabilised. 

2.  Apparatus  as  claimed  in  Claim  1  and  wherein  the 
said  means  for  substantially  eliminating  the  spin 

5  of  the  capsule  comprises  a  spring  loaded  fin 
assembly  providing  in  operation  fins  projecting 
laterally  with  respect  to  the  axis  spin  of  the  cap- 
sule  thereby  resisting  the  spin. 

10  3.  Apparatus  as  claimed  in  Claim  2  and  wherein  the 
fins  have  a  concave  curvature  facing  the  tangen- 
tial  direction  of  spin  to  assist  the  retarding  action. 

4.  Apparatus  as  claimed  in  any  one  of  Claims  1  to  3 
15  and  wherein  the  payload  capsule  itself  incorpo- 

rates  an  inner  capsule  which  is  adapted  to  be 
separated  from  the  payload  capsule  its  retarding 
means  comprising  parachute  and  fins. 

20  5.  Apparatus  as  claimed  in  Claim  4  and  wherein  the 
inner  capsule  itself  has  a  parachute  attached 
thereto  by  a  flexible  coupling  further  to  retard  its 
forward  motion  and  a  spring  loaded  fin  assembly 
providing  in  operation  further  laterally  projecting 

25  fins  to  retard  the  spin  of  the  inner  capsule,  the 
inner  capsule  carrying  the  camera,  transmitter 
and  their  power  source. 

6.  Apparatus  as  claimed  in  Claim  4  or  Claim  5  and 
30  wherein  the  inner  capsule  is  arranged  to  be  sepa- 

rated  from  the  payload  capsule  by  a  secondary 
separation  charge  which  may  be  initiated  a  pre- 
determined  time  after  the  aforementioned  (prim- 
ary)  separation  charge  by  a  conventional 

35  pyrotechnic  delay  ignition  train  between  the  two 
charges. 

7.  Apparatus  as  claimed  in  any  one  of  Claims  4  to  6 
and  wherein  the  parachute  attached  to  the  inner 

40  capsule  is  larger  than  that  attached  to  the  payload 
capsule. 

25 

30 

1  .  A  surveillance  apparatus  which  comprises  a  pro- 
jectile  for  firing  toward  a  region  to  be  surveyed,  8.  A  plurality  of  projectiles  each  comprising 
housed  within  the  body  of  the  projectile  a  payload  apparatus  according  to  any  one  of  Claims  1  to  5 
capsule  and,  incorporated  within  the  projectile,  an  45  which  projectile  may  be  deployed  to  survey  a 
expulsion  charge,  the  projectile  body  having  a  given  region,  the  signals  from  the  various  trans- 
construction  which  splits  when  the  expulsion  mitters  on  such  projectiles  capable  of  transmitting 
charge  is  initiated  permitting  the  payload  capsule  at  different  frequencies  so  that  the  origin  of  the 
to  be  ejected  from  the  body,  the  payload  body  received  signal  can  be  designated, 
having  means  to  retard  its  forward  motion  and  so 
carrying  a  surveillance  camera  and  a  video  trans-  9.  Apparatus  as  claimed  in  Claim  1  and  substantially 
mitter,  the  camera  being  arranged  so  as  to  sur-  as  hereinbefore  described  with  reference  to  the 
vey,  in  operation,  the  region  in  front  of  the  capsule  accompanying  drawings, 
and  to  provide  its  output  as  an  input  signal  to  the 
transmitter  the  projectile  and/or  the  capsule  being  55 
provided  with  means  for  substantially  eliminating 
the  spin  of  the  capsule  thereby  allowing  the  pic- 
ture  recorded  by  the  camera  to  be  substantially 
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