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Description 

This  invention  relates  to  a  method  of  and 
apparatus  for  providing  data  relating  to  an  object 
(herein  called  object  data)  by  machine  vision  (as 
distinct  from  human  vision). 

It  is  known  to  acquire  object  data  by  subjecting 
the  object  to  illumination  (in  a  broad  sense  of  the 
term)  from  an  energy  source  and  to  produce  an 
image  as  a  result  of  reflection  or  interception  of 
the  energy,  which  image  can  be  subject  to  analy- 
sis  by  machine  means  (as  distinct  from  human 
visual  perception  followed  by  mental  comprehend 
sion). 

However,  such  machine  vision  methods  and 
apparatus,  although  intrinsically  immune  to 
inaccuracy  from  effects  analogous  to  human  fa- 
tigue  when  practiced  repeatedly,  for  example  as 
part  of  a  manufacturing,  inspection,  investigatory 
or  other  field  of  activity,  suffer  from  certain 
limitations. 

In  particular  the  form  of  the  energy  source  may 
preclude  or  make  difficult  and  expensive  detec- 
tion  or  determination  of  certain  forms  of  object 
data,  e.g.  the  distance  of  the  object  from  an 
observation  station  may  not  readily  be  deter- 
mined  by  means  producing  an  image  of  an  object 
illuminated  by  a  light  source. 

Further,  an  image  produced  by  illumination  of  a 
plurality  of  objects  (like  or  unlike)  by  a  light  source 
may  present  difficulty  to  a  machine  vision  analys- 
ing  means  in  selecting  a  particular  one  of  the 
objects  as  the  source  for  derivation  of  the  object 
data. 

The  object  of  the  present  invention  is  to  retain 
the  advantages  of  machine  vision  methods  and 
apparatus  while  avoiding  or  reducing  limitations 
such  as  those  mentioned  by  way  of  example 
above. 

It  has  been  proposed  (see  FR  —  A  —  2  255  651  )  to 
control  movement  of  a  vehicle,  e.g.  a  vacuum 
cleaner,  travelling  in  a  mode  to  cover  or  scan  a 
space  defined  by  boundary  walls  and  containing 
objects  or  obstructions,  by  equipping  such 
vehicle  with  measuring  units  of  different  kinds, 
namely  electro-optical  and  electromechanical  or 
electrical,  acting  at  different  sides  of  the  vehicle  to 
provide  signals  representing  its  position  relative 
to  different  parts  of  the  boundary  walls,  and  using 
these  signals  to  control  such  movement  by  feed- 
ing  them  to  a  computer  and  arithmetical  system 
operating  in  conjunction  with  a  co-ordinate  store. 

However,  in  such  proposal,  the  signals  pro- 
vided  by  the  different  kinds  of  measuring  units 
did  not  systematically  contain  data  parameters 
relating  to  the  same  quantities  or  dimensions 
defining  the  position  of  the  vehicle  relative  to  the 
boundary  wall,  and  so  any  inaccuracy  or  malfunc- 
tion  brought  about  by  an  incomplete  or  absent 
data  parameter  from  one  signal  unit  would  not  be 
remedied  by  the  data  parameter  furnished  from 
the  other  signal  unit. 

The  present  invention  is  based  rather  on  a 
different  concept  in  accordance  with  which 
improved  control  can  be  achieved  using  different 

sources  for  providing  signal  inputs  even  though 
one  or  more  data  parameters  in  respective  signals 
may  sometimes  be  absent  or  deficient. 

According  to  one  aspect  of  the  invention  a 
5  method  of  carrying  out  machine  vision  of  an 

object  for  obtaining  object  data  therefrom  com- 
prises  irradiating  the  object  with  at  least  two 
sources  of  energy  of  different  kinds,  obtaining  at 
least  two  sets  of  signals  by  reflection  from  the 

to  object  containing  data  parameters,  at  least  one  of 
which,  in  the  case  of  one  of  the  sets  of  signals,  is 
better  than  is  the  case  for  the  other  set  of  signals 
by  reason  of  this  data  parameter  being  absent 
from,  deficient  in,  or  requiring  confirmation  in 

15  said  other  set,  and  processing  the  received 
signals  to  provide  respective  sets  of  the  data 
parameters  derived  from  the  respective  sources 
characterised  in  that  the  sources  of  energy  and 
receiving  means  for  obtaining  the  two  sets  of 

20  signals  are  so  arranged  with  respect  to  the  object 
that  said  at  least  one  better  data  parameter  of  said 
one  set  of  signals  corresponds  to  said  data  par- 
ameter  of  said  other  set  of  signals  and  which  is 
absent  from,  deficient  in,  or  requires  confirmation 

25  in,  said  other  set  of  signals,  and  the  best  combi- 
nation  of  these  data  parameters  is  selected  from 
the  respective  sets  to  form  an  optimised  com- 
bined  set  to  control  the  action  to  be  performed  in 
respect  of  the  object. 

30  Also,  according  to  the  invention,  there  is  pro- 
vided  apparatus  for  effecting  machine  vision  of  an 
object  comprising  a  plurality  of  energy  sources  of 
radiation  of  different  kinds,  receiving  means 
appropriate  to  the  different  sources  of  radiation 

35  for  receiving  energy  from  said  sources  reflected 
from  the  object,  to  obtain  at  least  two  sets  of 
signals  containing  data  parameters  at  least  one  of 
which,  in  the  case  of  one  of  the  sets  of  signals,  is 
better  than  is  the  case  for  the  other  set  of  signals 

40  by  reason  of  the  absence  from,  deficiency  in,  or 
requirement  for  confirmation  of,  this  data  par- 
ameter  in  said  other  set  of  signals,  and  means  for 
processing  the  received  signals  to  provide 
respective  sets  of  data  parameters  derived  from 

45  the  respective  sources  characterised  in  that  the 
sources  of  energy  and  the  receiving  means  are  so 
arranged  with  respect  to  the  object  that  said  at 
least  one  better  data  parameter  contained  in  said 
one  set  of  signals  corresponds  to  said  data  par- 

se  ameter  and  which  is  absent  from,  deficient  in,  or 
requires  confirmation  in  said  other  set  of  signals, 
and  the  processing  means  includes  means  for 
reading  the  data  parameters  to  determine  and 
select  the  best  combination  of  these  parameters 

55  to  form  an  optimised  combined  set  to  control 
action  performing  means. 

As  regards  both  the  method  and  the  apparatus 
of  the  invention,  the  sources  of  illumination  may 
comprise  a  source  of  electro-magnetic  wave 

60  energy  and  a  source  of  stress  wave  energy. 
Possibly  more  than  one  such  source  of  each  kind 
may  be  provided  should  the  particular  application 
of  the  invention  make  this  desirable. 

The  source  of  electro-magnetic  wave  energy 
65  may  be  natural  light  or  a  specific  man-made 
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:ource  which  radiates  light  energy.  While  it  would 
)e  within  the  scope  of  the  invention  for  the  source 
)f  electro-magnetic  wave  energy  to  be  outside  the 
risible  spectrum,  for  example  infra  red  or  ultra 
violet,  in  most  cases  the  source  of  energy  would 
)e  one  radiating  light  having  a  wave  length  within 
he  visible  range. 

So  far  as  the  source  of  stress  wave  energy  is 
:oncerned,  this  may  comprise  a  transmitting 
neans  providing  a  beam.  The  beam  may  be 
:onvergent  to  a  focus  or  a  focal  region  spaced 
ongitudinally  along  an  axis  extending  from  the 
ransmitting  means  into  the  field  of  view.  The 
requency  is  preferably  in  the  ultrasonic  range. 

The  image  forming  means  may  include  receiv- 
ng  means  for  receiving  at  least  part  of  the  energy 
herein  called  the  received  signal)  reflected  from 
:he  object  when  in  the  field  of  view  and  effectively 
brming  a  (first)  image  in  respect  of  illumination 

the  object  by  the  transmitted  (stress  wave) 
signal,  and  also  include  an  electronic  optical 
:amera  means  to  form  a  (second)  image  in 
•espect  of  illumination  of  the  object  by  the  light 
source. 

The  term  "image"  used  herein  is  to  be  deemed 
to  include  a  machine  readable  representation  of 
the  object  viewed  from  any  direction  or  its  profile 
Dr  outline  and  to  include  a  plurality  of  machine 
readable  signals  whether  present  serially  in  time 
or  in  spatial  juxtaposition  or  separation  and  col- 
lectively  representing  the  position  or  attitude  of 
the  object  or  one  or  more  dimensions  thereof  or 
the  configuration  or  area  of  the  object  viewed 
from  any  direction. 

It  is  contemplated  that  the  apparatus  will  have  a 
number  of  diverse  applications  in  different  fields 
of  activity.  It  may,  for  example,  be  applied  to 
sense  whether  an  object,  or  an  object  having 
predetermined  characteristics,  for  example 
shape,  texture  or  dimensions,  is  present  in  a  field 
of  view  and  thereafter  control  or  determine  the 
mode  of  action  performing  means  for  performing 
some  action  in  relation  to  the  object,  e.g.  subject- 
ing  it  to  a  particular  treatment,  or  controlling 
operation  of  the  sources  of  illumination. 

The  invention  will  now  be  described,  by  way  of 
example,  with  reference  to  the  accompanying 
drawings  wherein  :- 

FIGURE  1  illustrates  an  embodiment  of  the 
invention  showing  the  physical  disposition  of 
certain  of  the  main  parts; 

FJGURE  2  illustrates  diagrammatically  one 
embodiment  of  the  means  for  illuminating  the 
object  with  stress  wave  energy  and  a  flow  dia- 
gram  for  deriving  and  handling  the  object  data 
thus  obtained, 

FIGURE  3  is  a  fragmentary  block  schematic 
circuit  diagram  illustrating  in  more  detail  certain 
elements  of  apparatus  shown  in  Figure  2; 

FIGURE  4  is  a  diagrammatic  illustration  show- 
ing  the  form  of  data  memory  which  may  be 
utilised  by  units  shown  in  Figure  3. 

In  Figure  1,  objects  such  as  1a,  16,  1c  are  moved 
by  conveyor  means  2  along  a  feed  path,  as 
indicated  by  arrows  19,  through  a  field  of  view  3 

at  which  object  data  is  required  to  oe  aeterminea 
in  respect  of  each  of  the  objects.  The  object  data 
may  be  required  for  the  purpose  of  determining 
whether  each  object  conforms  to  certain  charac- 

5  teristics.  These  characteristics  may  be  contained 
in  object  reference  data,  acting  as  a  reference  for 
comparison  purposes,  stored  in  a  memory 
(hereinafter  described).  If  the  objects  examined 
do  not  provide  data  conforming  to  the  stored  data 

•o  they  may  be  thereafter  acted  upon  by  action 
performing  means,  for  example  reject  means,  to 
displace  the  objects  from  the  conveying  path  into 
a  reject  bin  or  reject  path  (not  shown). 

It  may  not  be  possible  reliably  to  determine 
'5  whether  the  objects  conform  to  the  stored  data  by 

utilisation  of  one  kind  of  source  of  wave  energy 
for  illuminating  the  objects  because  a  single 
source  may  not  enable  an  image  to  be  formed  in 
which  the  required  item  of  object  data  is  present, 

w  or  in  which  the  required  item  of  object  data  is 
satisfactorily  presented  to  enable  a  proper  com- 
parison  with  the  stored  data  to  be  made. 

Accordingly,  a  plurality  of  kinds  of  sources  of 
illumination,  for  example  two  in  the  present  case, 

?5  are  utilised  and  a  corresponding  number  of  image 
forming  means  are  provided  each  receptive  to  the 
wave  energy  of  a  respective  source  form  images 
from  which  the  required  items  of  object  data  can 
be  derived  when  these  images  are  considered 

so  collectively. 
Thus,  one  such  source  of  wave  energy  com- 

prises  an  array  of  transducers  4  energised  elec- 
trically  and  furnishing  ultrasonic  stress  wave 
energy.  This  array  illuminates  an  object  16  in  the 

35  field  of  view  3  and  the  same  array  or  part  thereof 
is  used  to  constitute  the  receiving  means  for 
forming  a  first  image. 

A  second  source  of  illumination  comprises  one 
providing  light  rays.  In  some  cases  this  source 

40  may  be  constituted  by  natural  light  in  the  vicinity 
of  the  apparatus  but  preferably  a  specific  light 
source  5  providing  light  in  the  visible  spectrum  is 
provided  to  illuminate  the  field  of  view  3  thereby 
substantially  eliminating  fluctuations  in  light 

45  intensity  which  might  occur  were  natural  light 
relied  upon. 

To  receive  reflections  of  light  from  the  object  in 
the  field  of  view  and  form  a  second  image,  a 
camera  means  6  is  provided  having  an  optical 

so  system  for  focusing  an  optical  image  of  the  object 
onto  a  means  for  converting  the  optical  image 
into  an  electrical  image  in  which  signal  generat- 
ing  elements  are  in  juxtaposed  or  spaced  relation 
to  each  other  and  from  which  a  digital  signal  can 

55  be  derived  and  stored  by  appropriate  scanning 
means.  The  electrical  image  may  be  formed  by  a 
charge  coupled  device,  or  an  array  of  photo  diode 
elements  and  charge  injection  devices  as  in  the 
known  type  of  Reticon  camera. 

60  Object  data  may  be  fed  along  channels  7  and  8 
to  a  processor  9  in  which  means  are  provided  for 
identifying  data  pertaining  to  selected  object 
characteristics  and  obtained  respectively  from  the 
two  sources  of  object  data,  e.g.  data  relating  to 

65  position,  range,  and,  where  appropriate,  lateral 

3 



5 EP  0 1 4 7   962  B1 6 

dimensions  of  the  object.  The  processor  9  may 
include  means  for  comparing  corresponding  data 
items  from  the  two  sources  to  determine  which 
should  be  passed  for  continued  use,  and  which 
should  be  rejected,  e.g.  on  grounds  of  quality. 
Further,  the  processor  9  may  include  means  for 
forming  a  combined  image  from  which  object 
data  can  be  extracted  for  various  purposes.  One 
such  purpose  may  be  to  control  the  action  per- 
forming  means.  The  action  performing  means 
may  include  a  reject  means  13  controlled  by  a 
motor  control  circuit  14  fed  with  signals  along 
conductor  15  from  the  processor  9  and  supplying 
control  signals  along  line  16  to  the  reject  means 
13.  The  latter  may  be  connected  to  an  air  line  17 
and  supply  an  ejecting  air  blast  from  a  nozzle  18 
to  displace  reject  objects  laterally  of  the  feed  path 
indicated  by  arrows  19.  Further,  the  action  per- 
forming  means  may  include  means  for  control- 
ling  the  direction  or  orientation  of  the  transducer 
array  4  or  the  camera  means  6  as  hereinafter 
mentioned.  Thus  the  array  4  may  be  positionally 
adjusted  by  a  means  20  coupled  mechanically,  as 
indicated  at  21,  to  the  array  4,  and  the  camera 
may  be  positionally  adjusted  by  a  means  22 
coupled,  as  indicated  at  23,  to  the  camera,  control 
being  effected  by  signals  passing  along  lines  24, 
25  respectively  from  the  processor  9. 

It  is  not  necessary  that  each  of  the  objects  1a, 
16,  1c  shall  be  closely  similar  to  each  other.  There 
may  be  considerable  divergence  in  the  form  and 
dimensions  of  the  objects  as  represented,  for 
example,  objects  1a,  16,  1c  may  have  differing 
heights  h1f  h2,  h3  and  object  \  d  may  have  an  even 
greater  height  and  circumferentially  extending 
groove  formations  since  the  ability  of  the 
apparatus  embodying  the  different  sources  of 
illumination  and  plurality  of  image  forming 
means  to  extract  data  from  a  wide  variety  of 
objects  and  compare  the  result  with  stored  data  is 
considerable. 

In  Figure  2  certain  items  depict  in  a  block 
schematic  manner  integers  of  the  apparatus, 
while  others  represent  operation  stages  and  are 
connected  effectively  to  present  a  flow  diagram. 
Generally,  the  apparatus  comprises  a  transmit- 
ting  means  4a  for  transmitting  ultrasonic  fre- 
quency  swept  stress  wave  energy  to  the  field  of 
view  11  which  is  now  illustrated  as  concurrently 
containing  objects  a,  6,  c,  d  illuminated  by  the 
stress  wave  energy  and  from  which  reflections  of 
such  energy  take  place  for  reception  at  a  receiver 
46. 

The  form  of  transmitting  means  and  receiving 
means  may  be  as  disclosed  in  the  specification  of 
my  granted  European  patent  publication 
0,008,455  B1.  In  general  terms  this  transmitting 
and  receiving  means  comprised  a  transmitting 
means  for  transmitting  stress  wave  energy  fre- 
quency  swept  linearly  in  a  saw-tooth  mode  and 
radiated  to  a  sector-shaped  field  of  view,  as  now 
also  depicted  in  Figure  4,  in  the  form  of  a  narrow 
beam  by  the  strip  array  4a  of  transducer  element 
fed  with  the  transmitted  signal  from  tapping 
points  on  an  analogue  delay  line.  The  delays 

imposed  were  varied  differentially  as  between 
respective  transducer  elements  and  cyclically  to 
produce  a  scanning  of  the  beam  from  one 
boundary  to  the  other  of  the  field  of  view.  The 

5  receiving  means  for  receiving  signals  reflected 
from  objects  in  the  field  of  view  included  a 
transducer,  a  modulator  fed  with  both  the 
received  incoming  signals  and  a  local  signal 
frequency  swept  in  correspondence  with  the 

10  transmitted  signal,  and  providing  an  output  con- 
taining  difference  frequency  signals  representing 
the  ranges  of  the  objects  from  the  origin  of  the 
field  of  view.  The  receiver  further  included 
channels  containing  band  pass  filters  for  passing 

15  respective  difference  frequency  signal  bands 
from  objects  situated  in  respective  range  annuli, 
and  the  channels  also  contained  respective  time 
delay  units  to  compensate  for  differing  signal 
transit  times  pertaining  to  respective  range  annuli 

20  so  that  the  outputs  from  the  channels  could  be 
scanned  to  provide  data  as  to  the  range  and 
angular  position  in  the  field  of  view  occupied  by 
the  object  giving  rise  to  each  received  signal. 

In  an  application  to  which  the  present  invention 
25  relates  where,  as  one  illuminating  source,  stress 

wave  energy  is  radiated  and  received  as  above 
described  into  the  field  of  view  containing  the 
object  for  controlling  the  action  by  a  robot,  the 
transmitted  signal  may  typically  be  swept 

30  between  150KHz  —  300KHz  in  a  descending  saw- 
tooth  mode  radiated  in  the  form  of  a  relatively 
angularly  narrow  beam  typically  with  a  focal 
region  having  a  width  of  6mm.  and  be  scanned 
through  an  angle  9,  for  example  in  azimuth,  over 

35  a  field  of  view  extending  from  an  angle  80  to  9max 
(Figure  4)  which  may  be  approximately  60°.  These 
values  are  intended  to  be  illustrative  rather  than 
limiting.  The  scanning  means  may  be  duplicated 
to  provide  for  scanning  both  in  elevation  and 

40  azimuth  as  indicated  by  arrows  26,  27  (Figure  1). 
Also,  as  disclosed  in  my  prior  patent  above 

mentioned,  the  embodiment  of  apparatus  of  the 
present  invention  now  described  also  provides 
for  range  determination,  that  is  whether  an  object 

45  is  situated  in  any  one  of  a  number  of  range  annuli 
concentric  with  the  origin  or  centre  0  of  the  field 
of  view.  The  apparatus  thus  provides  for  determi- 
nation  of  the  frequency  difference  between  the 
transmitted  signal  (or  a  locally  generated  signal 

so  derived  from  the  transmitted  signal)  and  the 
received  signal.  The  inner  and  outer  radial  bound- 
aries  of  each  range  annulus  correspond  to  a 
frequency  pass  band  presented  by  a  respective 
one  of  a  series  of  pass  band  filter  elements 

55  through  which  a  difference  frequency  signal  is 
passed  and  the  output  of  each  filter  element 
carries  signals  pertaining  to  only  one  range 
annulus. 

The  time  taken  in  transit  for  a  wave  to  travel 
60  outward  and  return  from,  say,  an  object  6  at  a 

range  Rb  is  given  by  the  expression 
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2Rb 
Tb  = 

C 

where  C  is  the  velocity  of  propagation  of  the  wave 
energy  in  the  medium  of  the  field  of  view. 

Consequently  in  each  beam  position  signals  are 
received  at  a  time  t  given  by  the  equation 
t  =  t0  +  T  + 
where  t„  represents  the  time  at  which  the  beam 
occupied  its  starting  position  from  one  extremity 
of  the  field  of  view  (e.g.  80), 

T  is  the  transit  time  of  a  wave  to  the  object  and 
back,  is  the  time  taken  for  the  beam  to  scan 
angularly  from  its  starting  position  to  the  particu- 
lar  sector  under  consideration  (i.e.  in  which  the 
beam  is  situated  for  irradiation  of  the  object). 

For  the  object  b,  the  transit  time  Tb  will  be  known 
from  the  frequency  analysis  of  the  difference 
frequency  signal.  Since  both  Tb  and  t0  are  known, 
therefore  b  can  be  determined  at  any  given  instant. 
tb  is  the  instant  at  which  the  reflected  signal  is 
received  from  object  b,  and  b  is  the  instant  at  which 
the  beam  is  positioned  in  the  angular  sector  for 
irradiating  the  object  b. 

Thus,  in  the  system  illustrated  in  Figure  2,  box  26 
represents  the  conversion  of  transit  time  Tb  to  a 
difference  frequencyfb  (given  by  subtraction  of  the 
frequency  of  the  transmitted  or  locally  generated 
signal  from  the  frequency  of  the  received  signal), 
box  27  represents  frequency  analysis  (e.g.  by  a 
bank  of  band  pass  filters,  one  for  each  receiver 
channel)  to  provide  determination  and  the  value  of 
the  pass  band  fb  and  hence  the  range  band  in 
which  the  object  range  Rb  lies.  Also  box  No.27  will, 
of  course,  inherently  contain  information  as  to  the 
magnitude  of  the  time  Tb. 

In  box  No.28  the  angular  position  of  the  sector 
(0b)  in  which  signals  are  transmitted  to  irradiate  b 
is  determined  when  the  quantity  „  has  been 
calculated.  Collectively  the  range  band  data  and 
the  angular  position  data  constitute  the  first  image 
of  the  object. 

Box  No.29  represents  the  operation  of  storing 
this  object  data.  This  is  further  illustrated  dia- 
grammatically  in  Figures  3  and  4.  The  store  B1 
(Figure  3)  is  loaded  with  signals  derived  from  the 
received  signals  and  comprises  a  memory  system 
(Figure  4)  having  addresses  defined  nationally  by 
the  intersection  of  N  rows  responding  to 
respective  range  annulii  and  M  columns  corre- 
sponding  to  respective  sectors  in  the  field  of  scan. 

Stages  represented  by  boxes  28  and  29  may  be 
performed  by  a  central  processor  unit  as  illus- 
trated  in  Figure  3  in  which  the  central  processor 
unit  proper  (microprocessor)  is  designated  A1, 
associated  data  and  programme  memories  B1,  C1 
and  input  and  output  interfaces  D1,  E1.  Input  data 
is  fed  from  the  frequency  analyser  28  (Figure  3) 
corresponding  to  box  No.28  of  Figure  2.  Operation 
of  the  central  processor  unit  is  controlled  by  a 
master  clock  Mc  which  forms  a  unit  of  the  transmit- 
ter  beam  scanning  system  already  mentioned. 

Box  9  (Figure  2)  indicates  in  more  detail  the 
operations  carried  out  by  the  processor  9. 

In  stage  30  the  object  data  stored  in  stage  29  is 
read,  to  perceive  the  echo  signals  in  their  relative 
positions  and  select  the  echo  of  interest,  and  to 
compare  with  stored  reference  data.  In  stage  31 

5  stimuli  are  developed  to  provide  for  rejection 
(stage  14)  of  an  object  (failure  to  conform  to  stored 
reference  data),  or  effect  positional  adjustment  by 
camera  (stage  20)  and  transducer  array  (stage  22). 

As  indicated  in  still  more  detail  in  Figure  3,  the 
10  data  is  processed  under  the  control  of  a  master 

clock  MC,  also  controlling  the  beam  scan  of  array 
4.  The  data  stored  (by  stage  29)  is  read  and 
compared  with  further  stored  reference  data  for 
the  purpose  of  determining  whether  the  ascer- 

15  tained  object  data  conforms  or  does  not  conform 
to  a  standard  or  reference  represented  by  this 
further  stored  data.  The  action  to  be  performed  on 
or  in  relation  to  the  object  may  be  determined  as  a 
result  of  this  comparison.  Reading  and  compari- 

20  son  is  performed  in  stage  No.30.  If  the  result  of  the 
comparison  is  sufficiently  well  defined  for  an 
action  on  the  object,  this  may  be  performed  by 
operation  of  a  motor  system  (stage  No.14),  e.g.  to 
reject  an  object.  For  this  purpose  a  further  central 

25  processor  unit  may  be  provided  as  shown  in 
Figure  3  comprising  central  processor  unit  proper 
A2  (a  microprocessor)  and  further  memories  B2 
and  C2  in  which  the  former  may  be  used  to  contain 
the  further  or  reference  data  and  the  latter  to 

30  control  the  programme  of  reading  and  generating 
output  signals  to  be  supplied  to  the  motor  system 
14. 

If,  on  the  other  hand,  the  object  data  as  stored  in 
B1  is  insufficient  reliably  to  identify  an  object  or 

35  determine  the  action  required,  this  data  or  parts  of 
it  such  as  the  range  of  the  object  Rb  and  the  angle 
9b  may  be  used  to  control  the  image  processing  of 
the  camera  system  (commonly  known  in  Robotic 
systems  as  the  machine  or  artificial  vision  system). 

40  For  example,  the  position  of  the  object  in  the 
image  plane  of  the  camera  system  is  calculated  in 
stage  No.31  from  the  range  Rb  and  angle  9b  and  the 
known  position  of  the  stress  wave  transducers. 
The  camera  is  used  to  concentrate  on  the  region 

45  containing  the  object  image  and  may  ignore  the 
remainder  of  the  field  of  view.  The  image  forming 
means  for  producing  a  second  image,  namely  the 
camera,  is  able  to  determine  those  characteristics 
of  the  object  which  the  camera  system  makes 

so  possible  and  which  are  absent  from,  or  deficient  in, 
the  stress  wave  (first)  image.  Thus,  the  second 
image  may  contain  more  accurate  data  as  to  the 
position  of  the  object  in  the  image  plane  in  terms  of 
cartesian  coordinates. 

55  The  process  af  determining  the  x,  y  coordinates 
on  the  camera  system  image  of  an  object  and 
coordinates  Rb  and  6b  in  the  stress  wave  system 
can  follow  straightforward  well  known  methods. 
The  process  of  comparing  the  object  data  from  the 

60  first  and  second  images  with  stored  object  data 
can  also  be  carried  out  by  known  computer 
imaging  and  correlation  methods.  The  process  of 
improving  the  quality  of  the  object  data  may  be 
that  of  deleting  the  stored  object  character  derived 

65  from  the  first  image  and  which  is  of  lesser  quality 
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and  inserting  in  store  the  better  quality  data  from 
the  camera  system.  For  example,  a  more  accurate 
position  of  the  object  in  the  x,  y  coordinates  of  the 
second  image  may  be  converted  to  a  more 
accurate  set  of  values  for  8b  of  the  first  image. 

This  higher  quality  object  data  is  then  used  in 
effect  to  store  a  combined  image  and  to  deter- 
mine  the  action  to  be  performed  by  operation  of 
an  action  performing  means. 

In  this  way  it  will  be  evident  that  object  data 
collected  by  camera  system  is  used,  for  example, 
either  to  apply  data  not  collected,  or  collected 
imperfectly  by  stress  wave  means,  to  improve  the 
overall  quality  of  the  object  data  produced  and 
stored.  Specifically  the  camera  system  may 
supply  reliable  dimensional  data,  e.g.  between 
opposite  boundaries  of  any  part  of  the  profile  of 
the  object  not  satisfactorily  available  from  the 
stress  wave  (first)  image  whereas  the  latter  may 
contain  range  data  absent  from  the  camera 
system  (second)  image. 

In  other  cases  initial  determination  of  data  may 
be  from  the  second  image,  and  absences  or 
deficiencies  would  then  be  supplemented  or 
corrected  by  data  derived  from  the  first  image. 

The  apparatus  as  a  whole  is  suitable  for  various 
purposes. 

Thus  it  may  be  applied  to  the  monitoring  of 
workpieces  during  manufacturing  operations,  in 
the  sense  of  determining  whether  these  are 
present  at  a  work  station  at  the  required  times.  It 
may  also  determine  whether  workpieces  have  the 
required  shape  or  dimensions.  As  indicated 
above,  such  dimensions  may  be  lateral  dimen- 
sions  which  could  be  initially  measured  angularly 
by  scanning  of  the  transmitter  10  to  provide  for 
signal  reflection  in  each  of  two  or  more  succes- 
sively  adjacent  sectors  of  the  field  of  view  to 
measure  an  angular  width.  The  camera  system 
may  be  used  to  increase  the  accuracy  of  this 
measurement  and  also  determine  the  position  of 
the  workpiece  measured  with  respect  to  some 
identifiable  datum  point  on  the  workpiece  rela- 
tively  to  a  datum  point  in  the  field  of  view.  The 
stress  wave  system  may  be  used  to  determine 
range  of  the  object. 

Alternatively  or  in  addition,  reflections  may  be 
received  of  the  stress  wave  energy  from  parts  of 
the  object  at  different  ranges  and  a  correctly 
dimensioned  object  would,  therefore,  produce 
the  required  range  signals  loaded  to  appropriate 
addresses.  Failure  to  establish  coincidence 
between  these  signals  and  those  stored  for  com- 
parison  purposes  at  corresponding  addresses 
would  be  utilised  to  energise  a  reject  device  either 
pneumatically  energised,  as  indicated  above,  or  a 
motor  system  of,  say,  a  robot  arm,  to  eject  the 
fault  workpiece  mechanically. 

When  more  than  one  object  is  in  the  work 
station,  as  for  example  when  one  object  has  to  be 
picked  from  a  bin  containing  many  objects,  the 
combination  of  the  stress  wave  system  and  the 
camera  system  enables  recognition  and  position 
of  the  uppermost  object  to  be  effected. 

Claims 

1.  A  method  af  carrying  out  machine  vision  of 
an  object  (1a,  16,  1c,  1c/)  for  obtaining  object  data 

5  therefrom  comprising  irradiating  the  object  with 
at  least  two  sources  (4a,  5,)  of  energy  of  different 
kinds,  obtaining  at  least  two  sets  of  signals  by 
reflection  from  the  object  (1a,  16,  1c,  1d)  contain- 
ing  data  parameters,  at  least  one  of  which,  in  the 

io  case  of  one  of  the  sets  of  signals,  is  better  than  is 
the  case  for  the  other  set  of  signals  by  reason  of 
this  data  parameter  being  absent  from,  deficient 
in,  or  requiring  confirmation  in  said  other  set,  and 
processing  the  received  signals  to  provide 

is  respective  sets  of  the  data  parameters  derived 
from  the  respective  sources  (4a,  5)  characterised 
in  that  the  sources  of  energy  (4a,  5)  and  receiving 
means  (46,  6)  for  obtaining  the  two  sets  of  signals 

m  are  so  arranged  with  respect  to  the  object  (1a,  16, 
20  1c,  lo")  that  said  at  least  one  better  data  parameter 

of  said  one  set  of  signals  corresponds  to  said  data 
parameter  of  said  other  set  of  signals,  which  is 
absent  from,  deficient  in,  or  requires  confirmation 
in,  said  other  set  of  signals,  and  the  best  combi- 

25  nation  of  these  data  parameters  is  selected  from 
the  respective  sets  to  form  an  optimised  com- 
bined  set  to  control  the  action  to  be  performed  in 
respect  of  the  object. 

2.  A  method  according  to  Claim  1  further 
30  characterised  in  that  a  data  parameter  obtained 

from  the  received  signal  due  to  one  of  the  sources 
(4a)  relates  to  the  position  of  the  object,  and  is 
used  to  generate  a  signal  for  directing  the  receiv- 
ing  means  (6)  for  signals  due  to  the  other  source 

35  (5)  towards  that  position. 
3.  A  method  according  to  Claim  2  further 

characterised  in  that  the  first  said  source  (4a)  is  a 
source  of  stress  wave  energy  and  said  other 
source  (5)  is  a  source  of  light  energy. 

40  4.  Apparatus  for  effecting  machine  vision  of  an 
object  comprising  a  plurality  of  energy  sources 
(4a,  5)  of  radiation  of  different  kinds,  receiving 
means  (46,  6)  appropriate  to  the  different  sources 
of  radiation  (4a,  5)  for  receiving  energy  from  said 

45  sources  (4a,  5)  reflected  from  the  object  (1a,  16, 
1c,  Id),  to  obtain  at  least  two  sets  of  signals 
containing  data  parameters  at  least  one  of  which, 
in  the  case  of  one  of  the  sets  of  signals,  is  better 
than  is  the  case  for  the  other  set  of  signals  by 

so  reason  of  the  absence  from,  deficiency  in,  or 
requirement  for  confirmation  of,  this  data  par- 
ameter  in  said  other  set  of  signals,  and  means  (9) 
for  processing  the  received  signals  to  provide 
respective  sets  of  data  parameters  derived  from 

55  the  respective  sources  characterised  in  that  the 
sources  of  energy  (4a,  5)  and  the  receiving  means 
(46,  6)  are  so  arranged  with  respect  to  the  object 
(1a,  16,  1c,  1rf)  that  said  at  least  one  better  data 
parameter  contained  in  said  one  set  of  signals 

60  corresponds  to  said  data  parameter,  which  is 
absent  from,  deficient  in,  or  requires  confirmation 
in,  said  other  set  of  signals,  and  the  processing 
means  (9)  includes  means  (30)  for  reading  the 
data  parameters  to  determine  and  select  the  best 

65  combination  of  these  parameters  to  form  an 
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jptimised  combined  set  to  control  action  per- 
brming  means  (13). 

5.  Apparatus  according  to  Claim  4  further 
iharacterised  in  that  one  of  the  sources  (4a)  and 
ts  associated  receiving  means  (46)  is  provided 
espectively  for  transmission  and  reception  of 
stress  wave  energy  and  the  set  of  data  par- 
ameters  contained  therein  includes  an  object  po- 
sitional  parameter,  and  the  other  of  the  sources  is 
3  source  (5)  of  light  energy,  and  in  that  there  is 
jrovided  directing  means  (22)  to  direct  the  receiv- 
ng  means  (6)  for  said  other  source  (5)  towards 
:he  position  corresponding  to  said  positional 
jarameter  derived  from  the  first  said  receiving 
neans  (46). 

6.  Apparatus  according  to  either  of  Claims  4  and 
5  further  characterised  in  that  the  source  (4a)  of 
stress  wave  energy  comprises  a  transmitting 
■neans  providing  a  beam  which  is  convergent  to  a 
Focus  or  focal  region  spaced  longitudinally  along 
an  axis  extending  from  the  transmitting  means 
nto  the  field  of  view. 

Patentanspruche 

1.  Verfahren  zum  Erfassen  des  Bildes  eines 
Gegenstandes  (1a,  1b,  1c,  1d)  zum  Gewinnen  von 
Gegenstandsdaten  daraus  unter  Bestrahlen  des 
Gegenstandes  mit  wenigstens  zwei  Quellen  (4a, 
5)  von  Energie  unterschiedlicher  Art,  Gewinnen 
von  wenigstens  zwei  Satzen  von  Signalen  durch 
Reflexion  von  dem  Gegenstand  (1a,  1b,  1c,  1d) 
mit  Datenparametern,  von  denen  wenigstens 
einer,  in  dem  Fall  eines  der  Satze  von  Signalen, 
besser  ist  als  dies  der  Fall  ist  fur  den  anderen  Satz 
von  Signalen,  weil  dieser  Datenparameter  frei  ist 
von,  mangelt  an  oder  bedurftig  ist  fur  eine  Besta- 
tigung  in  dem  anderen  Satz,  und  Verarbeiten  der 
empfangenen  Signale  zur  Schaffung  jeweiliger 
Satze  von  Datenparametern,  die  von  den  jeweili- 
gen  Quellen  (4a,  5)  gewonnen  worden  sind, 
dadurch  gekennzeichnet,  daB  die  Energiequelle 
(4a,  5)  und  die  Empfangsmittel  (4b,  6)  zum  Gewin- 
nen  der  beiden  Satze  von  Signalen  so  angeordnet 
sind  bezuglich  des  Gegenstandes  (1a,  1b,  1c,  1d), 
daB  der  wenigstens  eine  bessere  Datenparameter 
des  einen  Satzes  von  Signalen  dem  Datenpara- 
meter  des  anderen  Satzes  von  Signalen  ent- 
spricht,  der  frei  ist  von,  mangelt  an  oder  bedurftig 
ist  fur  eine  Bestatigung,  wobei  der  andere  Satz 
van  Signalen  und  die  beste  Kombination  dieser 
Datenparameter  ausgewahlt  wird  aus  den  jeweili- 
gen  Satzen  zur  Bildung  eines  optimiert  kombinier- 
ten  Satzes  zur  Steuerung  der  Aktion,  die  bezuglich 
des  Gegenstandes  auszufuhren  ist. 

2.  Verfahren  nach  Anspruch  1,  weiter  dadurch 
gekennzeichnet,  daB  ein  von  dem  empfangenen 
Signal  aufgrund  einer  der  Quellen  (4a)  gewonne- 
ner  Datenparameter  der  Position  des  Gegenstan- 
des  entspricht  und  verwendet  wird,  urn  ein  Signal 
zu  erzeugen  zum  Ausrichten  der  Empfangsmittel 
(6)  fur  Signale  der  anderen  Quellen  (5)  in  Richtung 
auf  die  Position. 

3.  Verfahren  nach  Anspruch  2,  weiter  dadurch 
gekennzeichnet,  daB  die  erste  Quelle  (4a)  eine 

Quelle  fur  Druckwellenenergie  ist  una  aais  aie 
andere  Quelle  (5)  eine  Quelle  von  Lichtenergie  ist. 

4.  Vorrichtung  zur  Bewirkung  eines  maschinel- 
len  Erfassens  des  Bildes  eines  Gegenstandes,  mit 

5  einer  Mehrzahl  von  Energiequeilen  (4a,  5)  von 
Strahlung  unterschiedlicher  Art,  Empfangsmitteln 
(4b,  6)  entsprechend  den  unterschiedlichen  Strah- 
lungsquellen  (4a,  5)  zum  Empfangen  der  Energie 
von  diesen  Quellen  (4a,  5),  die  von  dem  Gegen- 

w  stand  (1a,  1b,  1c,  1d)  reflektiert  worden  sind,  zur 
Gewinnung  von  wenigstens  zwei  Satzen  von 
Signalen,  die  Datenparameter  beinhalten,  von 
denen  wenigstens  einer,  in  dem  Fall  eines  der 
Satze  von  Signalen,  besser  ist  als  er  ist  in  dem  Fall 

15  fur  den  anderen  Satz  von  Signalen  wegen  des 
Fehlens,  Mangelns  oder  des  Bediirftigsein  an 
einer  Bestatigung  dieses  Datenparameters  in  dem 
anderen  Satz  von  Signalen,  und  Mitteln  (9)  zum 
Verarbeiten  der  empfangenen  Signale  zur  Schaf- 

20  fung  jeweiliger  Satze  von  Datenparametern,  die 
gewonnen  sind  von  den  jeweiligen  Quellen, 
dadurch  gekennzeichnet,  daB  die  Energiequelle 
(4a,  5)  und  die  Empfangsmittel  (4b,  6)  so  ange- 
ordnet  sind  in  bezug  auf  den  Gegenstand  (1a,  1b, 

25  1c,  1d),  daS  der  wenigstens  eine  bessere  Daten- 
parameter,  der  in  dem  einen  Satz  von  Signalen 
beinhaltet  ist,  dem  Datenparameter  entspricht, 
der  frei  ist  von,  mangelt  an  oder  bedurftig  ist  einer 
Bestatigung  durch  den  anderen  Satz  von  Signa- 

30  len,  und  wobei  die  Verarbeitungsmittel  (9)  ein 
Mittel  (30)  aufweisen  zum  Lesen  der  Datenpara- 
meter  zum  Bestimmen  und  Auswahlen  der  besten 
Kombination  dieser  Parameter  zur  Bildung  eines 
optimierten  kombinierten  Satzes  zur  Steuerung 

35  einer  Aktion  durchfuhrenden  Mitteln  (13). 
5.  Vorrichtung  nach  Anspruch  4,  weiter  dadurch 

gekennzeichnet,  daB  die  eine  der  Quellen  (4a)  und 
das  zugehorige  Empfangsmittel  (4b)  eingerichtet 
ist  zur  Ubertragung  bzw.  Empfangen  von  Druck- 

40  wellenenergie  und  daB  der  Satz  von  Datenpara- 
metern,  der  darin  beinhaltet  ist,  einen  Parameter 
fur  die  Position  des  Gegenstandes  aufweist,  und 
daB  die  andere  der  Quellen  eine  Lichtquelle  (5)  ist, 
und  daB  ein  Ausrichtmittel  (22)  vorgesehen  ist, 

45  urn  das  Empfangsmittel  (6)  fur  die  andere  Quelle 
(5)  in  Richtung  auf  die  Position  auszurichten 
entsprechend  dem  Positionsparameter,  der  von 
dem  ersten  Empfangsmittel  (4b)  gewonnen  wor- 
den  ist. 

so  6.  Vorrichtung  nach  Anspruch  4  oder  Anspruch 
5,  weiter  dadurch  gekennzeichnet,  daB  die  Quelle 
(4a)  von  Druckwellenenergie  ein  Ubertragungs- 
mittel  aufweist,  das  einen  Strahl  bildet,  der  kon- 
vergiert  auf  einen  Brennpunkt  oder  einen  Brenn- 

55  punktbereich  mit  einem  Abstand  langs  entlang 
einer  Achse,  die  sich  von  dem  Ubertragungsmit- 
tel  in  das  Blickfeld  erstreckt. 

Revendications 
60 

1.  Un  procede  pour  realiser  la  vision  de 
machine  d'un  objet  (1a,  16,  1c,  Id)  pour  obtenir 
des  donnees  d'objet,  comprenant  I'irradiation  de 
I'objet  avec  au  moins  deux  sources  (4a,  5)  d'ener- 

65  gie  de  differents  types,  I'obtention  d'au  moins 

7 
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deux  jeux  de  signaux  par  reflexion  de  I'objet  (1a, 
16,  1c,  1c0  contenant  des  parametres  de  donnees, 
dont  au  moins  un,  dans  ie  cas  de  I'un  des  jeux  de 
signaux,  est  meilleur  que  dans  le  cas  de  I'autre  jeu 
de  signaux  etant  donne  que  ce  parametre  de 
donnee  est  absent,  deficient  ou  exige  une  confir- 
mation  dans  ledit  autre  jeu,  et  le  traitement  des 
signaux  recus  pour  fournir  des  jeux  respectifs  des 
parametres  de  donnees  derives  des  sources  res- 
pectives  (4a,  5),  caracterise  en  ce  que  les  sources 
d'energie  (4a,  5)  et  les  moyens  de  reception  (46,  6) 
pour  obtenir  les  deux  jeux  de  signaux  sont  dis- 
poses  par  rapport  a  I'objet  (1a,  16,  1c,  1o0  de 
maniere  qu'au  moins  ledit  meilleur  parametre  de 
donnee  dudit  jeu  de  signaux  corresponde  audit 
parametre  de  donnee  dudit  autre  jeu  de  signaux, 
qui  est  absent,  deficient  ou  exige  une  confirma- 
tion  dans  ledit  autre  jeu  de  signaux,  et  la  meil- 
leure  combinaison  de  ces  parametres  de  donnees 
estchoisiea  partir  des  jeux  respectifs  pour  former 
un  jeu  combine  optimise  pour  commander  Tac- 
tion  a  executer  par  rapport  a  I'objet. 

2.  Un  procede  conforme  a  la  revendication  1,  en 
outre  caracterise  en  ce  qu'un  parametre  de  don- 
nee  obtenu  a  partir  du  signal  regu  du  a  I'une  des 
sources  (4a)  concerne  la  position  de  I'objet,  et  est 
utilise  pour  generer  un  signal  pour  diriger  les 
moyens  de  reception  (6)  de  signaux  dus  a  I'autre 
source  (5)  en  direction  de  cette  position. 

3.  Un  procede  conforme  a  la  revendication  2,  en 
outre  caracterise  en  ce  que  ladite  premiere  source 
(4a)  est  une  source  d'energie  d'ondes  de  tension 
et  ladite  autre  source  (5)  est  une  source  d'energie 
lumineuse. 

4.  Appareil  pour  effectuer  la  vision  de  machine 
d'un  objet,  comprenant  une  pluralite  de  sources 
d'energie  (4a,  5)  de  rayonnement  de  differents 
types,  des  moyens  de  reception  (46,  6)  appropries 
aux  differentes  sources  de  rayonnement  (4a,  5) 
pour  recevoir  I'energie  desdites  sources  (4a,  5) 
reflechies  a  partir  de  I'objet  (1a,  16,  1c,  Id),  pour 
obtenir  au  moins  deux  jeux  de  signaux  contenant 
des  parametres  de  donnees  dont  au  moins  un, 

dans  le  cas  de  I'un  des  jeux  de  signaux,  est 
meilleur  que  dans  le  cas  de  I'autre  jeu  de  signaux 
etant  donne  que  ce  parametre  de  donnee  est 
absent,  deficient  ou  exige  une  confirmation  dans 

5  ledit  autre  jeu  de  signaux,  et  un  moyen  (9)  pour 
traiter  les  signaux  recus  pour  fournir  des  jeux 
respectifs  de  parametres  de  donnees  derives  des 
sources  respectives,  caracterise  en  ce  que  les 
sources  d'energie  (4a,  5)  et  les  moyens  de  recep- 

10  tion  (46,  6)  sont  disposes  par  rapport  a  I'objet  (1a, 
16,  1c,  1o*)  de  facon  qu'au  moins  ledit  meilleur 
parametre  de  donnee  contenu  dans  ledit  jeu  de 
signaux  corresponde  audit  parametre  de  donnee 
qui  est  absent,  deficient  ou  exige  une  confirma- 

15  tion  dans  ledit  autre  jeu  de  signaux,  et  le  moyen 
de  traitement  (9)  comprend  un  moyen  (30)  pour 
lire  les  parametres  de  donnees  pour  determiner  et 
choisir  la  meilleure  combinaisan  de  ces  parame- 
tres  pour  former  un  jeu  combine  optimise  pour 

20  commander  des  moyens  d'execution  d'actions 
(13). 

5.  Appareil  conforme  a  la  revendication  4,  en 
outre  caracterise  en  ce  que  I'une  des  sources  (4a) 
et  son  moyen  de  reception  associe  (46)  est  prevue 

25  respectivement  pour  la  transmission  et  la  recep- 
tion  d'energie  d'ondes  de  tension  et  le  jeu  de 
parametres  de  donnees  qui  y  est  contenu  com- 
prend  un  parametre  de  positionnement  d'objet,  et 
I'autre  source  est  une  source  (5)  d'energie  lumi- 

30  neuse,  et  en  ce  qu'il  est  prevu  des  moyens  de 
direction  (22)  pour  diriger  les  moyens  de  recep- 
tion  (6)  de  ladite  autre  source  (5)  vers  la  position 
correspondant  audit  parametre  de  position  derive 
dudit  premier  moyen  de  reception  (46). 

35  6.  Appareil  conforme  a  I'une  des  revendications 
4  et  5,  en  outre  caracterise  en  ce  que  la  source  (4a) 
d'energie  d'ondes  de  tension  comprend  un 
moyen  de  transmission  fournissant  un  faisceau 
qui  est  convergent  a  un  foyer  ou  a  une  region 

40  focale  espaces  longitudinalement  le  long  d'un  axe 
s'etendant  du  moyen  de  transmission  dans  le 
champ  visuel. 

50 
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